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lhc auppl€rF riod wd tude in dilIaan irl.Mls of platr mturiq st.gs

Suppl@srdion !1 llBl shge is bsl ore for mircrals uplate.

To tludv son t .{Ld5, rw k4.r!!l6 neclv' Spin&h

$D@ikt@, &dPorqGlm.r'Kora ('d?,ra@or@) *@ $u boln in

wirta di shM scsr In @ of &t9@-rd@ cbrenid dd ruu,re
@ dn s hieh in 3u!lj@ $4jl€ zr\ C'4 Mg ed F. @trdt M hidr i. wintd

vegerbls, Cltroniuh, ,inq @pper, na8!6iun {d irco @.Gnl, w. inse4ed in

rll eumd sgettlld, fte inc@€ b quilc Mk d swe6ting lh.l lull)@ s4@ t
@E sjrabL fo. o$&ins |nc @itans ol th* ninRls thd winld Sidildln lh.

MBd4 @rd of ontrol spL of 3um6 is l@ hi8!' .!d m flrtlE i|:@
cored rm dlt 3utploaDd6 ra @ ol Potto,tealctu@ stquilE
@nllol suts, chomiun dd iot @ta!t ws hiSlEr in witt r v.s.hbl.s e'hile zr!

M., cu lrd Ms @nrd w nidr6 in $dn r v.8et.bl* Eni!l1.@nl of chonion

&d ion @nLnl i3 dl$ 8l.aLr in win|.r th@ sun@ s€er Amhe imDon6r

findrns is mdt.d inqle ir zbc, MStEim @d non @no|s anq

$Dptanmri@ ZiF, M-e.!a.. co?Fr, rd tt gtBid 6lld 9g iE*sr itr

dl sffi ESpLll€. TlF 6ul5 $g861 lhd for afi.rjng cl6niut\ n gciun

!d nd conlenE, winG !.!s 6 b6t Smilsly. lorzmc Me8&s.\ @tpd 4d

mlSnesim sum4 s4ot E b6r



To indv eoelv efieds,ls v!i.li6 of ai,tt@..@l@nr lo€l

ed l.did *w sroM in lhc aume scen lo oberc tE nircnb lbsotpton

c@ability. The rosull! obldned fron dillc6l vejeli6 of s@ Plet showed

di0@t tode@y sd 4pability to $inilar. the nindratt The b.h8lior iow6rds

suppld€dt don of nin6.l5 w tlilfffil.

F@m lh. p.wn nudy n @ b. dr.luded dEI bv ciuSing the eil
ninrnts @uo'IMt rlE uprdc of Equircd nircrat @ntent of rcsalblec p.d!46

6ukt be 6hr@<l The nuf,inm nidds alsorDlio! dd in ea. @ tuif61ed

by ves.t bl.s .l fiEl supplenat6lion sl!s.. Sum.r s€en remidd norc tuvonble

d !r. b6is of !ec@t i!tcl!& of him6ls I$ wintd son Soil lt!' s.e@r

.fers and plnl vsiay hw. inponar Gfi6t m pldn ni4r.b t!$rtdotr TIN it is

po$ibL rtrr sith loru ots sil DT. &n s4ond @ndiliN rhc bdrd cull5 @ld

bo adn€vcd. Th. Dtqol sludv hs b!6 Bpeidlv @ndar.d wilh diald6

nmag@6t/Mtrol on lho b6ir of prcvilion of qhdced lev.l of minqtds lhooeh

v4rt bles, *,t'j.h s tl.y imponl,tt ol. in di.ta4 dd tlto in otor d6tcGev

disag lik dni! .lc. Ar dlnosr all v.!Ehbl6 do 6ily avoihblq |nus otuemg

dFir ni!-rl 6ntdt by supoldrEndlon sltd b. s CEod $@ for didiruting



CEAPTER.l

INTRODUCTION

Th! mrds tuictncrlt &d fonificrrion h*e hisroric.l otisiB. EtrichDnl ws

originolly iruoduc.d in lhe l9,t0s {irh o&ldMt of dF s|lndrds for E clnqt
PD8IM limed !r nplai.hiag nuriern3 lorl duina .@l podtrg Thi! wa

oe{d.d ii. r bolda @!nal ro in ludc Nlriac not natut lly pGar in |h. foo4 or

forrili.lrior Cndly, th. tw wor& d. ond G€d inteEhNgdbly, vhich ir wong

f.oo a hisloncd dedDoht trowvd, t kins into @Ndooho. lho fel tEl rhl dn in
bolh cs h tc, jnpbv. $€ Nllitiool vatu. of foo&, lh. !m nurificdion wa

suS8.d,.d, rhiclt suld imlud. both dichtlttt Dd fodifdion (Boeo{did, l9D.

All p@ple @ d.ldtda'l on lo.d rylaN oa vsrying @Ddqilv io $pplv lh.

nulri.nt3 @uirtd b susbin hutu liro Yor aood synoms hove d.v.loped wid no

anatio aivd ro dFn sbiliry lo pbvid. .ll lh. nurida EquiEd supponoS Sood hdlh,

pFdu.liv. li6 .nd wcll b.ins- IEd.quar. tutitiot los6 d! qudi9 of lia. aor billic
of dlldverirpd popt. sloholly 6r-i.lty it 'My 

dd.lopta 6urrti* Fod svd@
slFuld b0 sploircn in wryr thd will iml)ov6 rhcit polslid lo PDvid. ldcqudt .utnot

ou9u1 lo oller lhe pdr a @s9,Dble chmF for heddiie Md hoF podudiv. Ii!.s

(Combs.t al, lg?)How @ w iM6. v6gebble coNlnptlo! in pla€ wh.r.lh.

@rcw dc mr gEu68c ir? Thit i5 o.ly posble thrc4i polici6 inlad.d to ttd@

lhc Ftarive pn6 of vc!.t bles, ine4.d in@be, drn.'E4dl of ticlwriqt
contd$ i! vesetdbl6, s.n.Etirs aM€ncss mons oNun4 of lhe ole ol velet blts

in hund beairh, ud imprcmmls in v.ecrabl. 4oldns ed Pocdsins mclhods

(Mub.rih atd Tso\ l9?)

ENUANCINC MINETIAL CONIENT IN PI,ANTS

Pldrs re knoM ro @ulat vsio$ ddicals ftom th.it $vionffil (Sineh

ed Ns$rl, 1934: Grimlh ., al, 2o0r) tlllls t€quiE s sui!. of mnRl eld.m in

vlrying @@l! for pDpd srowdq nal|n mi.rol,re ard es'r.l wrl-beilg (Linda,

l99l).With ! ftu-b.hred did lhai includ6 frixed souE6 of g@ns, rruill dd



vesol0ileq pler foo& ce nul€ ! si8nifi$rl conlribllion to d.ily thiied ieds al0ll

sl.€B of t D life cycl. (D*'q, 191)

Unfodu.rcly, oBunDiid pa!.G e rct al*als iddl, !d nuy itrdividuri.

borh in dev€Lored 6d d.velopins @nnlris d tailing ro .ftin r.@mrBden djn66l

inidos (K6n€dy, lr97 ed Bd6, 19r), wn d d inc@ed @Nunplion ol pldl

Iood pFduds wuld b. baEficid, n lpra thar bdEviod d(Vot wi.lmanal ftdoB

wiu @'lituero lioit $.ir @pton (Blld*l{ 199, !i B@ti,l99) Th!!,

s d .laDtiv. stoleg/,.lforls @ unddly lo iDct!4 rlF Dlriat @npGiii@ of
di@ plMt foo& whici p@Dl€ do 61, 6 rn lllcmplro a E ldcqutte lnlinnent ol
diet ry nuti€nb in ril idividuds (Bou4 l9t6 ed Flhnm, 199)

Cl!@dn th. .lhidaue tlGires ot n@dt in d abti!8 a8rtonnr.I cop!

md $,r aa indrvidud Dld loods e !bt. b supply rh. dett t@nltm;ed intaL for

6y sivfl nirdd in 4 a1qa8r or r6onablc awiiS siz!. Ahh probld of low nin.nr

d.Fily is p.niculdly trolbl6ohe in st.9lG foodt 3uch 4 @Fd sbi6 dd nrber crcp*

qhich o.t !p . br86 proponid ofdlily f6d intlk€ in $s d4.lopiis wodd (c.llos.v,

1995)

lornna&lr pldt niMal o@ntnlioE do vdy bo$ mong phln sorB i.,
. - spoo*, oltivm dd mig plet tr5s!6 (..!. lafy sio.tuB 864 s€di (Q!inl&o,

1996 ard abbo, 2003), lh.eby ddonslr.ting lhal sden difiq.nc ens! which @
conlnbure io the 1161'3 lbilily ro !.quiG sd s.quds n.qah Pldr si4rids e
cuna{y srtirs ro dciph., d& ml@lr @nDoME dd pl't5iologicd p!.cg $!t
uddli. pldr mjdd nutn|lo4 snch lh.llhis @d6@dins tu b. us.d !o etE@ lh.

mircral @nlenl of rSronomicdl, imporb cop sp@is Th6o .troi5 i.cllde cla'@l

breedins .DDoeh6 d.siened to crqtutenzo dd *pbn Con lio vdidlion for niMal

6tar (Boui., l996i REI 1993 dd Li4 1997) G w€ll a @ tppFa.r6 involtbg

8d disvay ttd dii-td sqElic modilicdion !o cd. nd pt&l li.6 sith impo$d

6i*61 qdni6 (Cnad., 1999: DdhPcnnt, 1999 dd Mci, 20Ol )

wno dsignidg m384c .ttoa.lB o .iI!@ plan qu.l'ty F.it& th@ ofid
b a tcndtry lo loot foi oN csre lhlr *ill hclp @mpl.(. s biocl@j.d parhMv dd
lholby rm lo rrlh6i4 t tudun ofillcl (D.llaPa!E, 199 d CnEd<, 1999) Of



@R.. for niftrd .dbrxt[mtn3, no s.n rro<l&!5 c&l which dlow . pl|tlt (d6y
orhd dg&!6) to Erihcri- biqds. alt nic.l ddda nBt b. !.quind filn tbe

.xrchr onvib.ndq ed b*De plMls @ non-rcbilo o4nniss, sy nin.mk lhrt a

plel di!)r|&quire nust b6 pr6.ot in ttp locrl soil voluic lhal @ be t elEd by ils Dot

sFt n, Il dF mift.rl o@E in a $lubL aod (ue.Iy a D i6iz.d imrsDi. ion) it
porotidly 6 be a!6orb.d inlo dE plod ed bc rcbili,ld ron IE ooB to vriou
v4dniw &d repodu.riw tjs!6.

MINERA(S UPTA(E BY PLANTS

Minenl eld6l5, tl6. acquiEd pti@ily in 0s fon or i@.8aic ions!

@ntinurlly ry.le throush rll org&is@ ed lh.ir sviromat. The @l.y poinl of nineral

el.Mts io tE brorrhsc ir pcdonin ,lly thrcugh lle rool systds ol pldt! 5o lh!l, in a

$c€. Dhr5 !d 6 dE "rni6" of 0F w$5 cusl (fusr.h | 994}

The sudy of hoq rlst abrorb ed Binilate inor8anic ioa is callad mire4l

nudrion. Thir @ is @.rr.l lo md€m .sricultu6 dd drnonmaul pot .lion Hje}t

.Ciolrur.l yi.lds daad stlolgly @ f.rnlizrlie snh min6d clengl3 h f!.! yi.ldt

oI moer cop dec iF.e lirolt {ilh lh! @wl of fedlia rhd they dst!

Pt6E h.ve develoD.d s.€d bioddical pn)66 for lhe mbiliTtion dd
lrrlk of nil.ols. To cb.l.t6 &d $llbiliz. soil hin*dt tlE mc sere etat-

che!'rins mdeutG such 6 phy6id.opho6 (Ronh.ld, l99l). M.l.ldEltli.C
prelein! luch s melallolhiond6 (Robi6o., .r.1, 1993) or phtioclFlalins (Rusa, 1990)

d$ f@rion in rtdt3 lo bind mLk dd anee uspon &d n.taholisn o4llic &id3

ha@ .lo bq inplidtcd in nad Fcpon (B3*6, 1939).

lr1 ch ni..sL @ plut sbsorb, od lhs polid. in lh. diel? An obviou initrd

lisr inclui6 rhe 14 ni&ml .le|Ml5 d.finod a 6!dti.l for pldt SroMh dd

rcpodudivc ru.6 (MudlB, 1995),1@ e N, S, P, lq C!, Mg Cl, F., 24 M4

Cq B, Mo, ed Ni. Beuo of th.t .glirl(y. dl pl4t foo& @tlIM 50ft l.vd of
@lr ol th6. ol6renl!, ed n should cotr s no suitns. $at plets h.v. dov.loped

wioB fom of ml6uld na.ninry (i... tembme l'6Dorle6) io equiB $6€



rnn*.at tuai.nlt flom lkir soil aviroinenl (Ko.rid, l99l ud MlallDis, 2002)Of

the l4 elands hlM eilidiry h6 bs onlimed aor dl b'n B a.d Ni d$oud
drcdal4iar € do@ for lh.ir 6saridiry ha b@ eponed N'.L{, 1996) N4 C., I

ud s. also @ &qut d by holra, but .ot by pldtr Fodur.rcly fo. numdr nowdor,

plals e equi6 thcaE olhq dem@B thbu$ noFsp€ific inils prcess using

djstinr llmpond localiz.d lo $.ir r@B (vilabP6dia, 1992). Th. ovddl uplrlt
of tl6e pldt @F6sanid eldna d.lods on rlEn &aihbiliry in die eil, in

@nju,Etion wilh lhe cRsl of lh.ir iInq tnrcu8h nd-sDa.ific trusDollas. l. f&! !
wide ru€e of tla non-senlial .lodts (hod bqi$ ard d.ttid6tal) h!v. b6
rGured in pldl tissucd, wilh conHralions somctimesrcahing dMnio lev.ls if soil

avlibbility is high (!.8. cr, s.). A nuhbd of dB. elen@ls, lko Ef.ned to 6 da ulLa

t@ clet@ll. h!v. ba d€roalrar.d b nbvide veou h.drb bodiE in hl|'lM
(Niels.4 1996) aad |h$ dEn i@.ponrion into pls'r dssc is ofdic!ry @lcr.@

'ACT(,RS 
TII{T CONIROL ?LANT MINERTIL CONTENT

AMine ! nhdd ion is !v!il!!lc in tF soil, a qpoDrirte ftGpon pDl.in

hct b. Fs|r ro trd rre it5 mwnEr inlo lh. @l 3F 166. O@ n ald3 rhi3

conpatut tlE tu..ral .id'q 6 prcvid. for da lodt tur.nionol ncds of rn @r
..1h, or it @ b€ nov.d b ln. xy'cm patway. Th€ rrl.d r.drpon 9$fl is @npog.d

of @1U@ ofnon-livin8 @lb (i.e d.void of m@b@6) rh.t prcvide d opo rout fof

lhe bulk flo{ of wlts ed mi*El iG (Lnder, 1995).This solution (r}Ift e!) noG
!p th. plor in 6po@ to ! 

'€dudiob 
in *d.r pordid lnlr is .MEd primdily by rhc

cv.podirc l@ of watq (i... qcpiElid ron vsios qpo&d dNcfiG. Most s!r.r
laG i'ae $rufilcs tleueh srull pot6 looM a no@la Thus, sin@b winin ln

rylo sr{ e deliveEd nd.s.l€lir€ly a @lum or {atq a. pulled up lhrolgh 0!
plet and @ @nul6icd pE{mri.lly in rhose tisu* wilh hidr ftr6 of $ater ld'
Th* tisu6 includ. @1 l6E ud caraj. rcprcduchve rrrudur6, $.n d $c pod

$.llt orLelm€ spa!6 or llE l€tlilc o4q mmpsiDs .6rlin €El sDj6 (a&

ric., whan). h 3l|uid h. mlen $d non-qpG.d !hd6 (q8. et derdopi.g s..ds,

.losely pa.rli lar6) or orEe wnb bw ddsilies ol sto@lrl poe G.e. odt fNn) ce

.tlibit tery low, or .va no r.le of irmpiralion (xr@er, l9t5 & Gtusa( 1999)

Co6equddx Din.di d.lilery via dc xyld parhMy lo lh6. trt6 of orgN will b.
Iov io no'Hjsld mbbin5, 1979).



How do tt* D@rly han5pi.irg rrru.tua lpl niidh? A 3@.d long{idlre
plthqry, ldbM d lhc ptnod laupon r)6r.r\ is cpoaibl. for $. nov@etn of
suCars, mirc &ids, @i'in nin€rols ed laios se@ndqry neLboli!6 non

Dhoro5y.thdic 'soro' oed (rnmily lav6) ro sM.al 'si.r Fgio6 (M6.hftr,
1995) Sintr inctudc aucn lhirs3 a Gaoducrive tissu* (sds, fruil), tlug ddeloping

l.ov6 &d @rs. Th. pnb6 lreDon p.thMy is .onposed or cd!ru ot cdL, bul

u.liL rh 3itudio. in tE rdd p.dMy, 0Bc @ livin8 el| bound.d by Ddbffi
Phlood lap mv6 fon @ll to..ll drou8h @b@lin.d p@;0E driviry lorco i! d

I|l|dstnc pl.ss@ grdier whi.h ir 66!lish.d 6 $lut6 atq {E phlo@ 3tDpl@
ii $lre cgioN (@uiog & ostulic iifld o{ v.I6) od ctil lh. synplBn in sif,t

ccio6 (oiih a @ raiog omoiic emu of Mled, Snlule novcndt irto th. pl o.n
rympl@ @ @ .idE vir ffib|e FGponss or 6ed rynplrdic cMeriN
b.rwd thlo6 ed stuundin! calls (GN!r& 1996). Ir .ind @, th. F6doni@t
solur€ in phlod st is a slg,r @l@1. (usally 3ucrc.€, but il dld b. Eiou3

oliSo@l!rid6). &td .epr fd porssiu,!! nFd hindb e nirc. el!16 in $ir

AOOD MINERAIs VERSUS NON.FOOD MTNEf,AI.s

'n t4id erewu of tne nina.l suppt@r iidu$ry it in pet de ro lh. E d for

suppld€nt! in di€ls l&king sufncicd mincol @n!En! bu1 supplh!.ts mv @1 provid.

ni@lr in ! $lubl. sd ne&boli..lly avdlabb rom Faimt$h*'T4 1996)

The most challensins arDdl of povidinS irtc. elenEnts in ! plsf-b@d nar€dal

i3 ro oh.in a $fi.idrt @L?'rion fot dE supplaMr io b. insal.d eirhout

@Nbing tdec qM6li6 of plsn dssue. Th. & offodge dops oncnen in 56 fron So

diched soik to srpp!@an th. di.rs ofdnrals ha b@ proposed (Bm.los, el d,

SOIL FEiTIITY AND UUM]\N IIEALTH

Th. iEpon rc. ofmiftrdL in rls sil 6d rh.k ef€.15 on huhs ha.llh @ rct

nd @n@r! Dr AldL C5ftl. Wiffi oa tlF Nob.l Pria 
'n 

M.dtciF h l9le $i.3



"Soil h ih. t6is of all hma lif. ed our only hope for ! hoddry wodd.... All of lif6 will

b6 .ilhd haury 6r ufiElrhy *edi.8 io the f€iilily of lh. 3oil. M&i.li in lhe $il
mntrol dF rElabolkh ofcdls in Dld, ,nidd lrd rar V&idiois in th. dindbutid of
cqldn mrnerls in 6c 4vioMarl re tnoM ro h!v. d etrftt on h*lrh (Ed Chdl.s,

r939)

th. only probld is $ar oE d! rs hun@ hlvc b@m vi.tic ofthe Ml.r
crcla Soil.cid l4i! to rn d.pldid oteaiid Ntri.ddds ir cbpr Aes in

d@leted soih. Whon pople @Bm6 s dier ddirod froo sucl dop., rh6 intdc of
enrial cl@ts b€.B intd.quda ahis ldds ro dE inpridar of rh. EI.6r
phrsiolod.d 6$doa, ud ..|s dis60" (Aswdn.leyd4 l9q).

Min.rols wort i! @mbimdor wnh ea.I oth.r &d *ilh olhs nutriori, e

'mbar@ 
or dry ni*dl d c.B ha$ pbblaB - ioo lilde of uy 6gtitl niNrd

@ l€ad lo de6.idcl dis@, &d too nucn of &y ninel m b. bnc ( Sbil! , ) 999).

w.8d ih6. Bstial nin-.k priosily rhreush lhe f6ds w. 6r. Good rtxj6
of esstill mineralr in.lude fruils, rcSpllb16, not!, nuts, blN dd d.iry Drcduct!,

Unfoftrut.lr mcn of lhe soil in whid fo.d il s6M ha ba dcDLi.d of rhs
ndritiE dirrds; d'@fore rh. nirer.l.onlar in food k 

'!duc.d 
(W&.lbDq )9?3 &d

Llpprlati.r! l93l)W. de obi.in e@ Dinqds frod tF s .r rc dritl, bur lh!

WIIAT IS DIABEIES?

Di!b6r6 nellilus is . lyndrom. *irh di5ord6r.d netsbolim lnd hrppopnd.

lttpsclyraiE du. b .rds r d.licioEy ol iBulin sdrlion or io a @n$i.,ij6 of
iNdin Gal|lr@ dd imdequo$ iGulin srction to @mpdsda

ittcr Dbb.'6 M.rliru: Tnir tyDe t d!. ro pdr4ric iehl tl- @ll d6rosio by D
u0oimur. prc6s. This sevd. fod i! ururlly s@irl6d {ith lelosis io its mir.aIed

sl.le li 0@6 rE6t co@.ly in juv6il. but o@iorlly in odulte, 6r@id9 ffi-
ob* dd rh* *tlo @ ddaty slo hyD.rsb&dit 6al .pp6. It h t drllolic
disods in which circulalng iilulin is vnlu0lly abenl, pl6m! Shcgon is ol.vded dd
lh. pr@d. F cU ldl lo Gpo.d b dl i.sulircloic stinuli. EioAfta iGuli. i3



drrcfoF 
'!qun!d 

io ev€ce rhe qlaholic nal€, p@ent tetcis dd r€du@ lhe elevcldd

gloc!8pa and bl6d lerch Ccd.in huM leutocyr. ulig4 (HLA) @ nroryly

@ci.Ld qilh lhc d4lopma of 9p+l dia!€tes.

TtF2 lri!b.r6 M.[ir4 llis epresd r het oc!r66 grcw @rprisi.g n0dd fom
of diald6 dD! ou prldominetly in !ddt! bul oeio.dly b jlvoile Ci@lding

.ndogaoDs iNulin is sulljcial lo pr€vol kelo&idosis bul iudequle 10 pr.vdt
hyp4ly6i! in lh. fa of irc@scd c& owing lo tisuc il@ilivity. Tl'is tt?. h
$tdivid.d in io tw. $bsDur6 by de alee ofobsiry.

Nor{D@ $t+2 D.lidlr Tbs p.rienrs g@ally show d absl or blun.d phe of
iBulin Ela$ in EpoN io slu@e TtE GpoN dy br.ii.iled in Epo@ |o o0Er

iBolinoedic sdnuli such a dte inldqos adninisrdrion ol sulDhonylur4.,

Obe tttts2 t.ddrs: Tht aon is sonddy to dft pdcredic fe!06 tur produ@

withour iElliq $! palols wnh rr?el di.bd6 dev€lop $nou nlt$olic
@mpli.tio6 such 6 &ul. t io&iddis dd @oa (Pieno od Murr4 1992).Tne

disr.ry of iruulin dtu,Iic.lly dtsld th. ltat6t of dahd6 o |noe p.ti6t3

*ldon di. of diab.tic @ru dE !o u@nuoll.d I.rcL ol !lM*- Howffi, dEir

llpival ha allow.d rll rh. onDlicands oa rli.baor 1o b.@m. apDconl ( Kell, 1995).

Dilbclq @lliror ir a alobol disGq found in rll dio! oa ft. mnd. Th€ sdd wid.
pddo@ ofdlba6 rEllifu3 i. o94&d io d@blc ber*q rgq ad 2010 lo mE de
ft nilion p@plo ( Mc Cdq sd anrFl, I tt7).

N@iNli! d.p€'dar di.ha6 h.llin8 (i.[DDM) or Tt?c2 dia!.i.3 i5 @ of
lhc ldg6r Ldalth prcU@s in Wost m 6etrs. NIODM @dlly drecls efi.612
nillion p6B in lh6 U.S. ed ircidd@ ! incBing dspite onlinul adve6 in

h.di..l @ Appbxjrn rdy 95% of dd.d6 & Type2 pdina with 3'IbproG edl
inlo .dulrh@d, wlilc rh.@ i3 som gaaic Dop6i9 for dderopMi of NIDDM, lhe

eliology of tbs dt.@ G ldg.ly nulritional. The sioll ,sbe6 of gddic ftctou



curru ly idcnliliod with NIDDM aB lit ly !o b. f!.10l! \l,hich a!. lxPrdEd bv cutenl

W6l.o d€t5 (F6t' N. 199' !d Sdhnwy, 1994).

No Co6 p&lidnd 1o NIDDM have thB ls bd iddilied, bd lhcE e
@sbiturioB of .lriid.ro gcc vhiclr Bly @nf.r sNc.plibiky toMd Slsose

iftol@ ed idulin Gisnfte (Elb.itl' 1997) Howq, d@ uriou SerEric f!.ioa
m.y mt lEv. I.d ro NIDDM in $€ Dln o. lnder ollBr orcuGr'@t It is cructal to

udGuland thlr unlike Trlel (iBulis{.padat di{beG), NIDDM b d@l c i€ly

borh @6.d !d p@q{.d by nurririod choic.r rhN ir ls tM.blc ro holGlic

dt turiY. h.di6l t@r.ar

Bord tlurd (BDrd HuE! 199?) topos.d th. lollosirs lis, lEely lhd

@jor csld€ f&ros for NIDDM, e,nil. d@rbar.d by.ging s tll b. r.lar.d

nod.rn dsriculrurol.p@Bod food brs.d did

2.

3

Otdity d ovs rlln@r In Ddniculnt, timulhosuly inc@ing lM body |Ns
wilt 6i$ece n6iiing wh,L d4rcBirg body f.t t@tids siStjn@l

inDD@dt in Clrwic @dol
CarboM.dc (6!atdly in Etu d &d Fo6od foffi) ed flr o€ An.niotr

Llct of poltl@llllt d Iaiy &idi (PUFA) in plano ,Mbr&6 ed
ubalsc.d ticlrrsid. iltate

t&kof solublenbqrdlrcleur bd.6o.lphyloch.micals.



DIABETFs AND ITS TRIATMENT

Dia!.16 rllits t t nljor w lnedd pDbld DruS od d,el drtlpi6 !r. 0|.

najo. .pp6!cha used i. th. L.dn ed @nlrcl of th6 disee Ulwlly oml

htToclttdtric dru8! @ us.d for thc @ntol oflh. di!6a whd h}loclymi. do8t .$
nor mrldnS: rIEn tlE rrqt!6t ir rhincd lo i@lir leulin rh.Gpy 4 eGitul in lh.

b6e,min!. bd wlh @uNe of iru, iBulin r.qNemd ''llgq Hish dos ol iffdr
@ drscoG 6 hi8h i6dD crcdlrror in lh. blood pbmt6 ditb€dc onpliorioG

Th. dira thoey rppoldr is *mdcil .nd f.aibL in d6dopiry 66lri6
oiol lhorlDy do6 nol cR 6 lh! iopBsion or 6.in8 sick in ditberc individuals. This

$aqy ..c*r. bsic.lty of .pcilrid @Ming did @trp6irid\ |n. @u4
dktriburion ard ridin'g of lood int te (Cundini-Daulo$, 1987) The 6ain fos in th.

diet atFoa.n is od de adjusilMl of m@ nuti.nB ptnicdtrlv th. codtdl! of

cdoh'dold dd f!r! n'd G|n.rr@ on 3impl. 3u8!a in tlr dic c{bolldrd6 !d
faB ft imDorrql in th. eioloSy dd @nlol ord1tba6, bur ftojts, v€Cot bl6 md o$.r

ldural Doducls may hav. iNtin pokrnidins fdor 0PF) which ha a dnd d. in ln

DtlElid &rd @sol olde di&.rd (Kh6 a al, 1993)

ROI.E OF VEGETABLES IN TIIE IIEATMENT OF I'IABETES

R66ch.B haw repabdty obsB.d he,llb bdetu! socior.d with high roit

lrd Esdlbl. c.@6prioo, it hs nor bq p6iblc lo iddliay . slcific @6tituqt or,

mo@ lilcly, ombinado$ of ssal cooslituml3 @li.g in eoen lhal nry b.

6DoNib!. lor th& b4f'rs (WilleG 193 !d School\ |99D.Tn 3o!tc.s, thd
supFrl lh. p@dd phar@podr, @ 6w iltedtb of rc8dlllq aind ald nind.l

oricin. dows, $. mo61 inDond 0E p.udc nsouce i! lilr ol veg.tlbl. otigin

V.$r.bl* a. @ng lhc tr@6ou! pl41 ldjwt! lri.d for de lanlndr of th.

dirba6 rdlins A fd Es!t!bl6 lhd @ @only c.N.!d in lrdr hNc ba
cllin.d lo Dss* dli dilb.ric tolency In lt6l ys, thoG hd bed ! reN.d
inr.r61 to sr6 sh plat food n tdi.l+ for d pNible b*lici.l ue C@iddlbl.



@ut of w* hr! b€r clnicd our in {is iesdd qith bitlor Eoord 6&rDfdi@
clatu r..) (K.!ilome, r9?) ond it s}nd (coetrtb tttt@) lv,8t1bl6, 1996) both i.
d?{im d ldmrls ..d huM did.ric subjals. Th. linit d rud$.r of sludiB d
orh.r v.t.r.6l6 such a c$bo€e /rra$/e ,rda.k), @Ntun (capttem MM)
(rlomsec.iNrtr, 1980) g16 l.it v.galbl€s, b.s dd tub6 h.vc shoM rh.

bacncid h'"oely6ic i u6e jn b.ri qp€n@ d rnimds dd humm. Olh.r

plajis tit Mnecltoh unbethtu\, lAndtli, 1988) Eu@tdptut g6rld, (G6y, 1988)

Ag.i@t atptortd (asntury), Atttu @,rpJtrt (nushffiI Gnt,
19o8)C4.Nlpkk bond@tta (l g\niM.), (ShM, , 1997) Madtcaao rarw (alh alf.),

(O6x 1991 B.nl bav6 Oinn 4 r933)h lddidon to irs odu @6pli.dio6, ryp'2
dilbd6 i3 soci.r.d witn e i@ed risk ol cddbEold dis66. lnich @ rh.

le{dins tu* ol dslh in diab.tic i.diriduds. AllbouCli th. .vidde for ! bdlciol
dt6r of r did ncll in tuils ad veCnlbl6 @ dt.ba6 is rcr ar rrong a ir is fo. ncd
dis6e, 0F 6ults of . srl nwb6 of sntdi6 susg*l thal hjgho intalcs of ltuits dd
v.aehbl6 @ a$.iilcd wirh inproved 6ntbl of blo.d gluco lcvili lnd lowd risk oa

d.rdoping g?c2 diabac. h r @non of dr$l 10,000 adul6 in lne U.S., dE n* of

delelopins lt?e-2 di!b616 ovd dE ndl20 y4 wa lpp@inol ly 20% low in tnoe

D r.pon.d @Bunlng at 16r fivc singJd.y ol lruis ond tg.tabl6 @npt d b
$oe sio rcponed 66uni4 non. Go.d, 2001)

rtuill dd v.g.nbl6 @ signin@l stl6 ot nDA nuliatl 6 s.ll s olhd

conpoMls 0l'r pomr. h.dt\ on@ roa.d.d lo a pbtlocb6nicals. Pltnts porid.

6srid nind.l &d 0rg!6 nuli.ns ro hu|rlc .itlF. dir.dly or indiEdy $.bd pl&b

@ ccuhcd by 6ih!b, stich e tha .oem.d by nutu (Ctuak dd Delltt tr'4

t9t )
nr@ is sif,nitior Scndic divdsily ror lnicMulridt uptite rEjk lnd @ bc

B.d to onch micronuldot el.dqrs in plels srcm on niqonulncnl-por soils

EFFECT OF MINERATS ON DIABEIES MELLIIUS

A lorge body of apc'inmlal 4idd@ if, e'hds Md boMs supDor$ .
sisnifi@t tule aor iiftnb in diob€tes nollitls (Bder, 1992 dd waller, I9t l).



Minsrls e sdltirl @mponot of life 4d h@e of die$. Ih.t Pcdom

inpo,l&r lu@lioN in lhe vdiou bioch.micd ptocss* oflhe bod, Sore minsdn

tdti@hdy te trla niGrb @ a.rire pllciDd|r ot Etttoliln Sobe ofih. nimls
e ihe 6sdlial prn ol me ofthe edym* for l|reir biologi.al alivilies. As dilbet6

n.llilw b a dis@ ofnetlbolic lbnonaldy $ nituob a $ct ot a a @npon41of

crzyn. my b. pbyirg a rigniflclrl olc h d4dopMl !trd otlrol oadilba6 n Uir6.

A@ngst din€rals, ckoniun b involwd io lhe dddopMl ond diol of

dilba6 ndlilus ErlqsiE cdch on ilE relc of drcmim in lh. dc*lopmal dd
o rol h6 b€m Fooned. ChFmiw n e 6sedi.l miooNoient 0tar fimclioB 

'n
csbohlnror. and lipid @Lbolbm primsily via its ol. in lne poldliltion ol ielin
!.riotr ln &. p!Ea@ of clronim in ! slbL forl|\ n!.h loG Lvclt of iBulin e
rcquicd (A.d4on, 1993).

Dr€.r d@irtion of te lId t:so-.Lmsfi in leldi@ lo h||M dis. ha

b€6 obsed in My Bcrrch lludid h my c66, s dLrdion in the 6.Lbolis of

ltes. dins.ls h6 b@ dnonlraret eratd. I D3 dd Nou MohMmadj. 1939)

Soft Eld d@nts 8t s dridjdets ed pEvar n ibre Dd oxid i@

Otho d didtly on elu@s. del,boltm, CsuloDlami4 lhe @jot Dldmd 6pp6-

fdponins potlit! ps6s a pota etioxidet pto!€rry. clmnih ha b@

idrrificd s e &tivc cohponot or lhc elucosc lds!@ flcor (CTF). Mdsds is a

cof&lor for e nuhbd of wynaic sysl# includi4 a4i6€ wldch na b€m foud 10

hc.l6raLd in di.bldc diru& luch d ot! !,'d ni6 (Bon4 r9B). MlsEium ha d
inDorl! rcle c ! @l&lor i4 rhe ph.tphoryldion ol glu@so Md in n!ry ot's

The nxdid of tnc (Zn) in rhc bo<ty maabolhn ie b6.d on ir5 @,F!ric
.Einily, Nay or ! Zn-aztd6 conpl€x or Zn net llocnztrne. In hums 4d Mimtls,

dia!.16 Gults ir disrurboe of fiis vir.l l@ clml (Kinhw, I983).

chtuhium is !@o$a!y for mrmd @bohrdnt€ dd litid belabolis. ll n
beliald to ohde ituulir binding ro cell @p!oG. Tehrnred oicoCm p.r dlt
elcmqrbl .hroniom. f@n d$d@ li@liElc, 

'€duc.d 
dE iedin requ@q i.

ll



71.6% of 58 adulls wi(,\ !!6'l dirbolB, .s @nparcd lo ?4% of type2 djlb.tis

Anoln€r dudy @npaing lhe s@o lorn ed dos on lype- l ud lrtc2 dilbaie
roud . Cadr di,I@@ bds6 lhe .ff.q5 o. ItTo2 Dd tt?+t . Rlquimdr! lor
isulin or otlEr htloglrmic as6r5 q@ rEduc.d i. 57.2% of 11062 diablti6

@dparEd lo 33,6% of lr?cl diaberis {R.vinr, 1993),

IBUUn detordor di.bot6 @Uios (IDDM) palicnb lfld to bo low in 5tu
nr€Ei@ A 8o!p of 7l DdpL who blil ha<t diab.t6 for rG20 tls w divid.d ir o

r*o $b8mp! dcpading @ sfuiry of rajmpadr tl'?@!8tE@ia @ m3t
po'M...t in lci.ns wilh lh. nosr !e@ Etinopathy (McNrir, 1t8), IDDM h& bd
fou.d to cu. rllc'€d elcctoltlc mdlboliso ed d@snenr! in rne prathybid

ho@viomjn D djq colling in loE ioizd ..lciurl rEgr6lq pdrdlyoid

hotun (P'I}t, €lciaiol, .,n osboc.loin i! cnildE witt IDDM. Supplddhrion of
ttrBrcsium lt 6mg/kg body wiAhl in 23 IDDM cfiildrcn r6ull€d in imreded lot.ls oa

crlour4 n en siutit PIll c.lcilriol, dd osr.ocdcin (Srggase, 199D.

Ttui fourd diab.tic pdtionts exlibn.d .levdled unn ry nnc bv.b which l@
nontuliun wi$ iEulitr !.dna (TNi 1963) As iatioi€d peviouly, ziE uy qq1

d iBtniFllc .lTel hj-rioB of nF chloride to allob-indocld di.lnic 6a
ltovane<l lho ht?eryly@ia ScneElly ob!.N€d 24 hous aRer rlloM (Tad@s, 1932).

zh. rpps lo Dolect isl.t ells fion d6lNclion a rcU 6 to .nho@ th€ .Ifet of
iBuli! whcn th. lw e sivo in r.dcn

{Kosen*o, 1963) found the nd MgM6b of,lor of vhol. blood of di{bcti6

to h. oFlslf lh.r of mflDal 3ubj*rs Lite nm, M8ale adnini$dion d$
prcvaled ftc poslallM rilc in blood Elu@e. In lbc @ ofneSDeq hoNevlri 0F

b.l. c.lh ws. nol pbtectcd fton dstrucrid. In rhis sm. study, r.i|hq cluoniuh rcr
cobdt lfoteq.d 6tt fbn tlE diah.rogaic .llca ofrlloxs G.dor | 932)

t2



Athoueh dv.lent .hrcnim G r@snizf,n 5 tr nutitionally essrntidl nineol,

sci€ntists d. rct }!t con.i! qlcrly how it forcioN in m. b.dy. Tn

lom oa d'romiun e trivd.ft cnohiun 0[) dd hd.val6l .r@mium (vD.

Chomiw (IID n ln. pdnciDd lom in foo<ll' s wcu a tu tom udliz.d by lh. body-

Chroniu (\,I) b dsivld from cluomium (uI) by h.dins ar olk lirc pH rnd is lsd 6 !
so@ of chronium for iodusrirl purpos.s tr is d sro.8 irilet &d i5 @8riz!d 6 a
ceinoaa wh6 inhal.d. At lo* l€ids, chEmium (14) is Ridily reduced lo.nrchjud
(III) by Fdud.g 3lbsreB in roods ed lF &idrc avironlMr ol dE stotud, which

sw. ro DEvd ln. ingGtion of .lwniun (VI) (Sb;.kd, 199 & Food 8d Nunidd

TIF lM om@n oxidnllon rr 6olCrpl6ol'n$.dvnonndRCr'rdd
Cr{. Th. fisl one is @roid*d 10 be rhe r@ cl.mt 6sc id ror propo tu (lio.ing of

living orlMisru. wlil. Cr'M Eporl€d 1o *erl lGic.If.cts on biologiol systffi ond

n lew s Lh. mon @b'1. Cr lom in so'l sd wder syi.mr, r,h.tq Cr'r rr SFn.rally

nor bNDon d ow. erar dirlanB b.@e of its lov $lubility ard loddcy lo b.
{dsorb.d in rh. pH 6g. rt?i@l aor natud $il! ord sd.6. Haataldl dionic fom as

hore.vail.de for livin8 orgeisns lhM is Cr'r, ed pllrs . mlin rcI. in rcmovins this

hdal roD Nater dd soil srsr@ (Kotax 2000). Chnhiun is orc ofde h.ary rEuls

$,r h.v. Nrrnio..l impon!@ (Ka!.$.Padi6 &d Padi!6, 2001)

CHROMruM

Chromium (Cr) wa discovftd in 1797 by vdqo.lin. ll is a r€lobvcly @nnon

.l6N.r, wifi ! mc6 comMulrion i. Unitcd Shr6 soils of abou| 40 ns^s (B.nl'a!

1997).

Th. tuin so!rc otcr in d$dsoih is vstn ring of llret pdd tuldirb, The

!6.9. omst of ihir .l6et in wrldwid. &il F f@ ir 54 ppm (K!b.!!PMdia od

t3



DI'TARY SOURCIS OF CHROMIUM

Tho sount of domium in f@ds i vtitble, dd ir ha bd nsu'ld @qot lv

ii tohli$ly los lbods, Prcsqnly,llu6 i! no lusc dnrlbsc ror lh. chonium conldl or

foo6. PD€s.d rsrs, $hol. 8tun p'lducls, @dy-to'sl b@ .qqk, sten b@n

bro@'i. dd spi6 @ rEl.liv.ly rich in cl&ni@ Foodt bC! i. shplc sg6, sucl a
llcose ed foclosg se noi ody los it chtoniud but n.!e h6 found 1o potule

crfthim los (L!kaki, 1999),

Esf@l.d aveelp chemium if,lot.! ib lh. u,S, rMgE fbn 23'29 eg/dtv ror

adult m@ &d 3t54 mdd.y for adul M (Food lrxl Nurilion Blod 2001)

Cbomiuo is m *6litl diot ry rurie &d is r€quned lor susd md f.l
dr.rdboli@ No.ml di€lliy i.Lt of Cli for hulr4 i5 oia insumcisl {i$ up lo

90% of Ansi@ dieB de{icioir it ctuoniun h spir. of chrehiunl tclar,rc.bu|ll!M

in siq food! e !si6!rlt bw in cttoniun onl€nt WiD de dc.pliod oa hdb! dxl

@ndimdls, Md cen in 06.r spaial food il€fts rilh ! slativ.lv low 3wo8E

.dumrho El.! $ch 6 t.!, @lre t d $mc c,,n'6, tun l@& 6l.on Ct t bclos

I oo mimgEndls: Starb foods, panicul.tly erals d nilt @ €ry low 06s lh& l0

micoErhtkd in Clr and show litde or !o leo86phic vqilion (Kumpulaine! I t92).

G@d euq irclud. Uva, A@i@ cb6., b'w/s Y4tl *tan g6n! maa,

n!h. froits, whole stsB, bFM suelr, alfdat, ed eimal fds eond, 1999)

FONqrroN

A bioloE..lly a.liv. fo@ of cl:rohlun panicitar6 in ellcol. hetabolis bv

.rh6cins tn. dt .$ of itudir l^edin i. F.red by 3p*idiz.d @l!. in lb. p.JtB in

clore. to iicMs.d bl@d 8l@F l.vd* ror ffid., lna a nEl isulin bindt !o

insulin Eqerloi' on th. suda.. of c.lb, !.tivalrng thole eceplore ord stindlliog

sbc@ upr.L hy cdh. Tt@€i its intd!.1io wih ituulin @plor* ituulin pdid6

cdh with slu@e fo. ffi8y ud prcEE blood 8tu@!.l.!.15 eon b*oting.Lvdcd.

ln addihon to iB lfst3 on cehohrdd. (8luose) nFtabolist'. insulin dso influ@c $.
na!!oli$ oa fat dd poi.i!.   de@.n 6po@ lo iBulin ot d4@.d i@litr



s€nsit'vity nay rBult in inpsir.d glucole tole@6 or tpc 2 diibeEs, atso LnoM 0!
non-uruin dcpcddt dhb.tB mcllirB ODDM). Trp! 2 dilb€t.s i! ch&0qedzrd by

eleded bl@d du@p l.rcls aid injdin cisllE Cood lnd Nutriti@ Bolrd 2oot)

The pEise sloctur. of $e hioto8iolly &tivs foh of chrcmiuh is not knoM.
Rqnt a.uqb suggBls $rr a lor-mthtd-widt chbmiurbirding subsr@
(LMWCT) d.y at@e ihc r6toN of Or insulin @por ro in$lid Fi,n, dE inadire
fom of 0!. iaulin Ec.pior is anved.d lo ih. .crivc fom by binding iEutjn. Tt.
bindins of iBulin by the iGulin r*pror ldmdsl6lh. dovll@lof cluooi@ inb rlE
c.ll dd G!t5 in bindin8 of chrenid io lpol,Mlvcr, a fom of6e LMwCr lh.r l&L!
chrcnih. O@ ir ti.d3 ctmhim lh. LMlvCr bind5 10 de insuli. c.eDlor &d
hhMc6 ir! a.riliry. 11. .bility of rh. LMwCr to aclivalc E insuli, @€Dtor is

d.p{ddl on irs ch.onium @nta( \4lM isltin ler6t! doD du€ lo no,ml n,on or
bl@d glu6s Lvds, rh! LMtyCr @y b. r.t4e! non 0E e i! ordd lo ldnina. i!

InwdigatioB ove. ih. t4n tuo d.Cldd h.v€ $!g.rt d 0la lh@ k ! ilnrrlly
ofuing bio-tuj@t. thd bi.d5 rriulsr C. rblt @ aarrin hov C." i! invotEd in
@6ohydru. &d tipid drlh.liln Tl r noteur6, .nrcnodurin ( onsin.try tm..t low
nol@ld-w.i8ht CrbindinS subsld6), b E ndurrlty ocdEine otisopeptid. @mDoed
orsl}!in.. ctrrojnc 6p!nd. drd eluldil. wilh tt. @borrta|6 onpriling ho,. rhd
hdf lhc roul mirc eid Gidu6 (yal'|!furo cr d. l9B?; Dwi! & Vi'@t | 997.)

Despilo its sall sia (nol*uld w.igh lrponnddy l43s for lnc bovine livd
o!r6i.l), fi. nolede dsnly binds f@.quivltqrs orcr" (Su dnt. 2ooo).

SpetiDsoDic srudi€ sugs6r thrr lh. Cl: comprise e eion-bridse<t
hdlinu.ld Bebbly suppon.d by cdtoxll.r* tron th! oligopQrid. (Davis &
vi.hr, t 9974 Jacq@e{ d rl. 2o3)

Chromodulin n6 bH horard ron rhc tivd or kidncy ot evcmt mmhols dd
pufied. A r.lared CFconrdjning oligop.ptide (M-tov-hot.cdd-wisht Crbindine
subsra@) na b6 i$tar.d fbn hovin. @lsttum. vr,ich on
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&ids, bul in distirc0y difl.re.t r{lios, ud alo slrhuhles jNulin-depodet Slucos.

nelabolis in ra!. adip61r6 (Y@oro .t d. 1933).

The rcldrioEhiD bclwm lhe nilk @d l'!er olirDtptidg h dBwing or

addnioml study od sugSes$ lh€ psibilily lhlt olher cabortlale rich oli8ppepld6

nienl qisr @d play a @l€ in Cr trsspon o. a@rior chorpdulirc nE bdn shoM to

adivate rh. b!!ft li6. lclirny ol iculin-&nur.d iGulin @plor (Dlvis €t al.

199?: DavL & vinenl 1997b) ed b edvate a n.mbl@ DhosDho'lt@tin

Dhosplurs. in ddipo.yt6 mobre6 (Dnvi3 ct dl, I t96). For qmple dB oddillon or

bovi* li€.luonEddiF lo r.l .dipoqic mlmbtiG in th. p6a@ of l0O nM-

Iludi, Gull3 in d up io .igln-fold nituLlion of iGulind.pdddt poitin OGi@
kins &riviry rhor is @tua16tron d.podsr, shil. .o 6dir.1ion ol lin& dtivity i3

obsw.d in lhe .!sE@ ol insulir ( Davis & vh@l 1997b)Tla d.Ddddce or De

tine srivlli@ on tIE @nda.rion of cl@tudulin @ b. fitLd lo ! lttldbolic ore
ro sirc di!si.!@ @Gr. s ol 4porif,Et.ly 3?5 pM. Cr Dl.ts ! crucid tole in rhc

adiurion of idulin E.Dlor tin6e lcrivny by cltromdulin (D.vb & Vin@nl, 199?b)

ADocnrc@dulin do6 not rclivare irsulin{e9odan ly@ine ti@€ elivity it ral

od,poctro ncmblllE. Tironon or .pochotrrduhn vih Cii Gul6 in rh. ror.l

Bbdon of tF obil'ry lo a.tEr. UNc &nviiy. tpporn@ly lou Cii pa

oligoD.rlido de rcquired fo. Mind etivity. Itis @nnifiron of cluomdulit s

ldivsrion pohfial is sp{ifi. ro ci addiiion of olhs hiologically relever odals does

nor r61dc a.iivrry b !E .r@lisoFprjdq. Ba€d @ tl6! r6ulls, il hc bk poDos.d

$a chrcmdulin filtclion s p.n of a !Dqu. uio dDlifiorlon srsam for itsdin

signali.g (vil@1, 2000b, c), In tnis m.cheish atochbnodulin b slocd in insulin-

s.Niliv. @llr. In rsDons to ide3g in blood iEulin con@l€lios iBulin binds to ils

repror, brinsins abolr . @nfomldon ctd8. dur r6!lL in lh. drerlbsDhoryLti@ of

Vosin. cid!6 on the inrcmal side of $. @pror Thj3 Di!€s lraErom lh. e.llot
in0o d etve ttrGin€ kiuse dd ramils lh. sicrll fton i6uli. into de @ll. In

Bpon$ ro iGulid Cr is mov.d fron lhe bl@d to iGuli.-s.6niw ellt. tr.r., tle Cr nux

cdls in dE loading of lrochoftdulin *ith C. TIrc holo.lstFduli. tta bi.& ro th.

r@plor, tcunably ssbri4g in lhe ndnr..e@ of lhc E9lor ir iti &ti!.
@Dfomoriol' mpli&ing rh6 @plols tin6e lc1ivity' \vno th. sirrd]ing is b be

tlmed oli . doD in bl@d i@lin ltuk f&ilita* relasion of lhe coforrdhon of ln.

'Error, 
dd rh. holodmdodulin is.xc€rcd lrod dE ell inlo lne blood lrltnEI€ly'
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clmiDdllh is .mcianly ea.d in rhc udE The letlelDon ldein lesftdii8 I'd!

@lly bd snoM b bc ctonsible for monloniog Cr'r leleh i! thc bl@d pl6n!
$d ror aNDodIg Cr to tisus ir d i6ulin-BponsjE n1md (Vincd! 20004

Chromim b a conpoMt of! tul@ul€ c.ll.d glu@s&iol.@c€ fador (CT F);

shid ofu ..ru.aly in rn b.dy lDd.de6 dE &rion of jNiin !r d€..lluld l4l

The o(|.l dol{ulr studre ofGTF ii srill uloowr ad no oD h6 ba allc

lo rr{rh6ia n. Thaerora chic dbl "GTt ch.omiun" supplml! @ $Fdor ro

olh.r w.ll-ab$rb.d aotu of .hromion Gu.r' a .l@niun at!iraL, ..h'omiuo

picolinale, or chrcBiun polrnicolinaE) arc questiombla A rew $udy h6 lound thlt

dia!ry supplcrFlarion *ith .lmmiu ..n md*t. 8lU.@ i,nol.I!@ Ed @td
bl@d susd in dii!.1ic pltjql' (R.bnDvnr, at .1. 2!o4).

NUTRIENT INTERACTIONS

Im: Ctromim @rtct6 for on. of lre birdin8 sirB @ rhe iro rdspon
prolcir, lrustmjtr liowever, supplenolltioo of oldd @ *jlh t25 d.8 of
cSreniurvdly lor 12 r€ls did @r sisnifi@tly afa.d n@@ of irco nusitionol s{rus

(Cmpbell, 199?). A snrdt of you€ti m.n found d iBiSrin..r'l d6@c in raaacnio

satur.nioo with ion ans supplendation of20o mc8 oac,luohiutrr/ddy for 3 wek, but

no lon8rem {udi6 havo addB.d rhk trs. (Lut6L'. lt 6).

vlrrmln Ct Ch$6iun upl!&E ir .nhmc€d in dindls vh.n eiv.n d dE 'h.
dns s vitdin .C. ln r dtldy or tu* wona\ adni.blrlri@ of 1cr0 ng of vihmin C

log.rhd wilh I is of chreniqm @ltcd in nighd plts@ l.v.k oacl$mi@ thd ! r.8
ofchrcnim vidod rir.nin -C (Food ed ttleni@ Bo.d mol).

Crrbohrdmrs: DiGr5 hid in sinDl. sleia (o&, 3u@e), @mpaed lo di.t!
high ir orlpld cirhobdraB (cg, rhol. gn6), id4. u.n ry cireniu ffiaid
in duis. ThL .llel may bc rdar€d 6 i@ed Gllin s..rdi6n in rBpoae to $.
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odsunpdon of sinpl. s!r!6 onpa.d lo @!pLx ca'tohrdmB (F.ad dd Nulrido.

DEFICIENCY

Chrcmi@ d.nqiocy wa r.loncd in lhE paIimls .n long{em i Evaous

fqedilg *60 did rct @ive $pplenM'.l (tuomiun in rlEn inElvmlu sluliG 1@
Daliat3 derclop.d didae of !bo.n l gl!6F uiilizliof, lrd in6ed iNlin
rcqliE@ft rbd r6p@ded 10 chrcdim supplenobtjon, Additordlt, imp8icd

gh@se lolsec. in nolnouisn€d inf&! r.spond.d to e onl dose of chromiui

chlonde

SqRl srudi6 of mle ME6 indidrcd lhor urinny cluohim los w
i.@€d bt 6dul'@ q@iie sus!61in8 $ai cl&nilm n..ds dy be eralcr in

i.dividudls Nho d.rcis. Esul&ly (Lulsh, 2O0O). Ir a nor€ @nt study, rsisliw
dsdse (eeighr linin8) !d foud 1o incr.6e udrary exceiion ol cluoniM in older

md. Ho}tG, cnromiun dbsorprion w d$ i.cr6ed, ldding lo li(|. or tu nd lN ot
c|noaiun a E 6ulI ofcisrirc eM.i* (Rubir! I998).

Ar prMt, |6@b on 1he efr4c of iddcquarc cnronium jnhte dd ,isli fadou

for clemiM ituuffici.ncy @ lnnit€d by thc lek of se8itiw qd @urde tests fof
dd.md,ng chodiud mtnrioml s6r6 (Sb.c\.r. lt99 & F@d lrd Nuiiuon Boed

200D.

DISEASE TREATMENT AND PREVENTION

In 12 @r oa lJ @rolLd stldi6 oa p@pL wnh inpdr.d du6. rdffi.c
dmDim rlptl66r.rion v.3, foud b inpbs eE. Muc of glu.e unli?rrion or

lo have b*6cid .f.tts on blood lipid pblild (Kobla 2000). Imp.irert Ch@s.

tolerme @reE lo a mlabolic slalc between nomol slucos. re$larion &ld oven

diabas. G€neolly, blood Blu@e ler.ls d. high6 th& nomal, bul lo{er thM thoe

@epl€d a dilgnonic for diab66. InpliEd gl!@ tol66@ ir as@iated *irh
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incMed rist for @dioraculd dises bul is ml ecidcd \iln tlE olh.. cldic
onpli€rioE of diob€r6. Ab@r 25- 30% of individlab silh implired 8lucos! ioltue
ev.nlullly ddelop ryte2 diabet6 (Goldmar! 2000) G@ddly, cl[oni@

slprl.mdLtion ai dos of aboul 200 mcg/day in a vai.ty of foms lbl t*! lo lluee

Mtla w lourd b be t*ncral. Tne l€eN aor lh€ rdidion or h.li of .fid in ese
rtudi6 e @t dd, bu dFni@ derl.no. is mt dE only lroM @s of implEd

sleosc tol@@ Additiorlly, the lact of e @urare n@@ ol choniun nuldtional

3lolB prev.nls r6{c!.rs aron idenliaying lhose individlil8 who ee mosl lit ly lo

bd.fit f.on c1&mi@ $ppladn no (Slodla, 19'9 ad Ard@4 r9q).

T'!c2 dia!.16 is chaa.rdized by .ldoted bl@d 8lu@e l*15 6d itrsulin

r€sist8@ AllhouSh iDluin levels in rypc.2 didbeti6 my be hidrs dF in hcahhy

irdividuds, rre phlsiolo8ical ell€ds ofiBulin d. r!uc.d. Ba@ ctrcnium t k'oM
ro d!E@ Uc a.non of iNulir\ rh. Gldi@hip b.ner dromu .ffnioMl !|n6 .rx!

rr1c2 di!b.r6 ha g!..Erod .@idd!bl. eiori6. irt.r6t Individu& wilh t}1c,
di!b.l.s hdv6 bee found lo hde hilhd at6 or uiMry chrohiuh lo$ lh& hodllhy

individu.ls, 6p6dly rhos. wilh diab.r6 of @@ lho 2 1t6 d@lion (Mdris. 199)

Chroniun\ ! .arq.lly @ring .ld.ni oblin.d fdh ao.d, i3 @6idcr.d &
esdrid tr@ eLmdt Plti.nls la*e ihir lutplde.t lor dirbcl6, wiShl Io$, dd 1o

inpor. nele @' Ctuomuh is p@rly absorbed followi.s oral ldmininralid.

holrh rh. slr foni! (ag doniM ti@lina., nieln-boud crsomiur\ aDd

chrcmird dbnd.) @p.!r to h.vc ba16 bioaltlabih, Chbnid is b.li.vcd

r*6ay fo. glu@e ed lipid tullbolirm. Ir is involv.d {ith lhe aotivity of intuli.
(Porler, l99t md vin e( 2m0).

OTIIER DISEASES

Impi.d gb@s rol@ ed ryp62 dirberG @ @ciared {nh adv6e

deng* in lipid profil6 &rd i*rHs.d rjsk of csrdiovscule db.es. Sludi.s cxdinir8
lhe efr6k or cbomiu supplemnhtion on lipid profiles hdve bq nor!6le fo. rhei

ir@6i!t nl .6dl! wnib so@ sludig h.w obsqr€d cducriore in Foh rotal

I9



chol6rsol, LDt-chol4t@l ard tnSlyociid! l.vels or inq64 in HDl.chol6llol

lelels, othes hrve ohlervcd no elle.l. slch in@nsisrcnt ctoNs ol lipid &d

lipopdein ld.ls !o cnrenium $ppl.lMlarion tuy cflccl dilteM in clmhium

.llrilional 5tal6 lt is D@ibl. rhlt only rh@ individuds silh idumci..r chomilm will

dpdde b!.eficial efl4b on lipid tofile due to chmniun iuptlemldion
(Sloe.ke, 1999; Luk6b, 1999 dd Kobl4 2000)

Ir.l€g mud. dr. Ctsmiu supdhotu@ hcts ttu body nG tnd

deres body fal b b6ed on the Elali6nip t€tw6.hrcniu md iNulin o.tion. In

lddition !o .rlerhs slucos nd.boli$, iNulin ir boM 10 !il*t ad .nd pbidn

nd$ot$. ar 16r 12 pls.bc@ftolled nodi6 t!rc edp&d th..ltcr ofchreni@

supploafldon (20G1000 ncg 6 dftflln pioliNldday) sth o. qilholt r d6!i!.
pogrM on 16 body nsr md m6rft olbd) rd In Soneral.6oso nudros lhol hav.

u€! ln. mst sii$ ed &.{!16 rc$o& of Mudig body fd ald l@ n@ (dod

dErs, x-ny ab$rbliondry o. DExa ed hydro ddnonElry or undd*ls wjshing)

do ml indiclr. ! b.rcfrcioi olled of €hroniun suppln.ntdioo o body @nposilion

(Lu*a*j, lr9 rd Kobl4 2000).

Psmors rcllht los: Cololli, studi6 of doniun supplcmttrid (200-4{0 m.a s
clmDim ticolinndday) hav€ ddon*rdr.d litll€ ifdy b.n ficiai efi4t on wichl or lal

lo$ (Volrc 2O0l) dil chiG of weid los in hrns !tr.5lo b. d.agqared In

r97 rhe U.S. Fedqal Trad. Comision GTc) ruLd |h!r dEe is tu bais for cltns
thrl choDiun pi@linar. prc@i6 Eigh l6s ed fal 106 in hunds (Lukdti, l99i
I(obl4 2000 &d Arde&n, 1998).

STJPPLEMENIS

Cbrcmim 0[) is .vailabL a a sulplcmnl in s.v.6l fom: .hrchid ct ondc

clmDim ni@linde. chtomium pi@linat., ed hi8h{hremium }6a ft.y @ w.ihbl.
s sred-rlo* rupplmd s or in @nbindion p'lducrs. Doc D?ic€lly tug! lon 50 ro

200 ncg of .l€nf,ldl chonium (Hcndld, 2001). Chrcmium nicotih.te od cl&miun
pi@lind. my b. @. bi@nihue th& cllodiud chlorid. (Kobla, 2000). Ir nlch of
d'. leiFr' 6 inpoircd Bl@* rd@e ud 1yF2 dilbcl.s, dmnjum pi@tnde I
the sou@ oa cltrodiun tiowq, som @nms hov. b@ @sed ord the loner.d
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lrtg of ckonim pi.olinito suppl.n t tdon Th.c ha!. b.at llvaal studi6!

ir@lvine clloDiuh 3upple|mtdio! of rubjdr vnh M.iNulicdaatddl diab€tc.

rnd/or liDdi! iLl hNe @ponld b@6citl cltdts ot choni!6 on lh. glucose/ssulin

cnbniM sutpl@eds Sivd ro p@ple Nilh impajted Eiu@c lolerm@ ot

did.16 h.y ldd ro impb!€d blood slu@, iculin ed lipid rdia!16. Clronim hd

.l$ b€ shoM ro im0lw l@ body l|a in hmG ed *inc. Snldi6 m rh.

eltectivensss ofchrcriD soppl@alaiion in rarienL wilh sluoso i.tolet@@ dd 1t?.

II dilbd6 hlvc Dioduc.d onlticlins 6u1t3. ldrprovmts hN. b€ not d in 8llm.
rol@@ i6!s h adutr dilMi6 (G|i6fun ed M6lz 1964 Mos$p, rq3) dd elu@s.

inloleMl m and @md (Mslimz rq5i And@. 1933 dd AtdeM l99l).

Ch&Dju supplcnbrslid r8y .lo hare a f.!ocbl. inpld o rielydid6,

LDL Md llDL chol.slcol (Ab.dw[ l99led PB 1990).MoE rdal bunm studid

h!re shom favoFbL Gp.M with clfodum suppld@rlrioo Di€t3 suppl@nr.d

*nh chroniun pi@linL (2oo us/day) s@ @npt d lo a pl@bo i. 43 prri* with

lype-l dirbol6 dd I 14 poli€nle with type2 djab€les In oD poximarclt ? 0% o I palien ls

supplm.Ju.d Nith cluomiurq dE@ M a r.duccd n !d for iBulin or oral ll'?oalvcdic

medicdions (Ratin! 1995}

TIIE RECIMMENDED DIETARY ALI'WA]{CE (IDA)

B.ouse l}r@ E rct 4o!ch inlonndion on cbbhium requE@ts to sl .
lalMend.d dletary dlowee (RDA). lhc Food &d Nutirion Bodd sa a ldequd.

intlte lelel (AI) bs.d on Lld ckooium cont in nomtl dieis (Food dd NutJition
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- toxlclTY

- MGt of 0E o)t|€N E8.di4 $. 16$dn $f.rv of chomiM 0rI)

rwplq.rnldor dis. Iron elqd 3Mies in .ell c!ltu.e, suSadting clmnild 0n)'

6paidty in ln. fod of d|@iM ticolin lc, ruv inclE$ DNA d@r8c (SratB' 1995

.r<l Blsiak. 2o0o), PMlly lhde b e 4iddc lhd cluonium (lU) irc@* DNA

d@.s. in living orsDis (Food td Nultidd ao.d 20ol) !d a sludv in l0 wM
&ting ,roo Dc!r'dry of chronion a! chrenim piolind. fo6d m eidd@ of in'ro€s'd

diddiw dab.s! lo DNA 6 roEd bv xlib.dn ro s drdized DNA be (|(to,

193}

sdeal stlrli6 hrve deedo€d the stferv of d.ilv dosd of up lo r,000 mcg ol

cnrcmiM fd sodl tb lu (Ard@4 1997 dd ltad@ct' 1997) H@.t' rlEE

Trbl.l.l
RICOMMENDED DIETARY AU.oW NCf, (RDA) AOR CTIROMIUM

(FOOD AND NUTf,ITION BO fu' 2OI}1)

adequlr. Inhko (Al) tor Cr@nium
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navo b@ a fd i$lar.d rcpora of ssiou dvdc reclion! to.h@nud pi@linate

Kidn y failuF w EFn d fiv. Donn\s ana . six-wct @w of 600 mcc of
chrcniun lly inlhefomof dromiln pi@linrle (Wss, l9tD. wnil. kidney flilw
ed idpaircd li@ turciion rlre rcporld after dE 6e of 1200-2400 Dc8/d!y of
cr'rcmiun in lrt aoo of clrohim piolin r. ov.r ! pcdod of Ibdiof€m hs

(Cerulli, 1993) Individud! with pt!{istinS lido.y or live dilw m.y be.1im6.d
dsk ol ad*rs! .IIec Dd slould linit suppldar.l chreniun i rt. (Food d'd

ztNc

The importr4@ o( rrc fo. rcnhr growln Md swiv.l ol pldB ,nd 6imls I
@!ni2€d r lo!8 lina !go, Yel lh. qi$.@ of ilt d.6ci6cy in bun$ a doubi.<l

td!6. of $. .ldolr ubiquilou didnbutr@ i. dE €nviomot od $c lEt of
obvioB cliDjc.l sier5 ofd.fio.ncy, Nerein |*s .tidace of hms d.fiocbct b.8E lo

cn*rgc duirS $c r96tu, slM .e oa t.ccDoNivc d{trfsm ed d.lt}td !fual
mduration {!c nd rcporLd in Er$dd adolelonb (P6!d, l99l) Sin@ lhot! a

nMbd ol sr.rva ion uids n E brn 6i.d our ro as rh. imp.d of trc
suppl.mo|alioA p'aitulady i4 low-in@ic popul.lio6 Nbo @ li&elv lo sur.r frcn

te ddcimy (Bros, d tl 2002).

Zinc iB!fio.o.a n&s bqr l@8nzed by ! iunbd of dp.r's a & 
'npon61

public he.lth i.su., qpeci.Uy in d@lodng counn4 (lt6d, I t98)

DIETARY SOURCES OF ZINC

zinc occu4 in . wide vriely of foods, bd h loud in hiSh8l 6tuenl6laoB r
sihd el!G, Danicrnrny t4i porlq t@ltry . ns\ and in l.g muL n .a$

.rd dllry Doduct3. Zinc @d€nl i! relariwly hiSh in tuB, lcgums .nd riol. Ctlin

c€rsls dd is loE ir lrui6 ed v.g.l!b!6.

Dierary f.cto6 cu allq th. proponion ol zirc d$r is !v&labl. tor absoodon in

dE inr6dft by s ml.h 6 r*fold. Molr of lne av!i!.bl. inlomation 6 rhc .r.d ot

specific di.tary lb.tos on zirc absrpdon h4 bd ddiv6d fron 3t!di6 b.auliog

23



rbcotDbon liom !i!rl! l6t n.dlc ThouSlt 0t s! dar! lnly nol F[*1 ih. ltuc ptoponion

of rioc ablobod llon hcols consunei ovd tlo {hole d!t, lh.y tr. ut ful b id.nlifv lh.

fa4lors 6d !f.ct zinc lb.orptotr Th. dioutt enpo@ts thal h!v. a sbstlltitl iDpact

on rhe absrplion of zjrc @ ph}ld. .nd cdciurq snich ithibn zim lb3orptio4 ed
pol€!\ Rticb erhtnc6 d€ alsrDnon (l,.e.dal, 2000).

SIdftL b€{, !d olhd ,!d nDs e nch $u@ of ne, NuL .d l.clrc @
Elatirely lood plet $u6. zinc biosvll$ility (tho n!(ti@ ofzinc rddn d !d u*d
by th6 body) is rdniv.l, N8h in nert e8!!, sd sto{ood b@use of 6o rehriw an66ncd

of cdlouds ltul inhibit zlc ab$rpli6 dd de p!6e@ of clnan mjno &ids

(crsi€im sd h.rhioiirc) lbat improv. ne .b.orDdor Th. zjrc in ehol. sDin podocls

dd pldn protdB is Ls biodailaDl. d!. lo lhr. tdalirely hi8h conGn of phytic &id, t
@npowd d'd inhibG ?inc .t6oDfon (Kiig, 1999).

FUNCTION

zinc pl.F s inpondn rot. in thc alfucnrc of poli@ ed cdl ftnb@' A

frng6.l'r. srnErw, ldsM s . zrc fin8!. tulil, 3Lb'14 rlE thcle of a nubE ol
proteis For .mdq @p!s pFvid6 0E .lrrlrtc acriiy for |n. ddondel szttu
@pDd-ziE !ut!ond. distutls€ (C! zn SODI whil€ zinc Dl!}B r dilic.l sltuclr.l ol.
(Food sd Nutrition Bosd 20ol & Kn!, 1999) The nrEtuG 4d fuctio of..U
nMbm6 @ rlso afecred bt zinc Lo$ of ziic fod biologcd mmbrm i.ce66

'LrEn $c.pdbiliry lo onddive ddag. ard inpaib deir fiDdioo (O'D.ll, 2000)

zinc ! rd.$.d lon food a f@ io6 during drsGtm Th6. libdr.d ioN tuy
lna bid ro hdog@usly sdr*.d ligeds b.toE lh.n lrNDon inro rh.6t6oclt6 in

rh. dedau ed j.juun speinc 1@p6n tDleia n8y hciliirla $o p6n3r of zinc

@s lh. @ll m.mbd. hro $o ponal circula,tion. w'rh hiSh inBlc, zinc R al$
.hoibcd tlo!$ ! pBire pm ellulr roulc

Th. Dorul syrd @i6 r!.db.d .i@ diEdly b rL lir.r, !d $a t l6€d ino
s'sr@ic cimlarion fo. ddiv.ry io othr iisu6. Abour 70% of nm itr cioltlion i3

bMd to .lbdin, &d ey @diri@ tlur dtd 3lM albMin conmi.di@ @ hrrc .
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3e@nd{ry ell@t on sctuo nm lev.ls Aldoueh setun zinc Epr6or, only 0 le,'6 ot $e

vnob body znc, rh! cironaring trc tuG o€ npidly io trp1 dsu. ne.ds.

16 of /jnc drough Sshint6riml lncl f@Dti for tppFximtl.ly hala of dl

zinc .limiml.d fron $e body. CoBideobl. aoul of zinc is sc.de! droueh th€

bitisrv dd int6li.d se.r.rions, b!1 m$ of n it r6b$dcd !d thi. po6s is m

intoruIl poiil of F4uldio of tnc b.ldc!. olhd !out6 ol zinc .xcedotr in lud. the

wie 6d $rfs. los (dequddcd skin, n!ir, seal) zinc 6nect poEis hav. bd
fobd b eglllal. gprc dqBion by lcdnc 6 rrsdipiio a&tou Oitdina to DNA dd

iniu.ncins $. rescriplion ofsp@ilic g@e) zirc tl$ pl.r a role in @ll siFalioS dd

hs ba foud to innu.e homon. tcl@c td .d. intulse rrssDnsion R@Iv
zje h0s bs foud lo Dhy ! tol6 in ,popiosis (8e.4di@ted c.ll ddh), a sincdl

c€uutd r€cll ory p|!6 wilh inplicalioB ao. srwlh dd ddelopnd4 6 $€ll a t
nDber of ctrooc dis.3s (TMos-Tr.4 2000).

Zinc i! lh. hosl ubiquiou ofdl rr.. eLmcnts involren in huM mtlabolisn

MoE lh@ on nudi.d 3p@ific wyntt r.qun. ,inc fot lhcir cald'lic fllBiotr ll zinc

ir r.mved froh lh! ola\'lic si|e &tivrty is 16! eplac4 of tN BloG ehvitv

Zin. pqlicipai6 if, tll nljor bioci.mic.l pcdNlts dd pltts nllliplc rols in lhe

p.iD.rndr@ oagddic dl4i.l. in luding ItllgiDIion of DNA lr&slarion of RNA dd

ultind.ly call drvision. who li6 supplv of diebrv zinc it iNfncit'n 1o supporl lh6€

6nErioB, bio.lmicil aloomdin6 and cti.idl sigE @t ddelop S$di6 in

'individu.ls wi$ &rod.mlitis 6nt rop.lhic4 a sodic dtotdd wilh zim mdlb$4tion

r6uldng in sa. d.ndocy, hw. pmvidcd mch iNight inb 0* lundiond oul6d6

ofnnc dencicrcy (Ve wou*q 1939)

NUTRIf,NT INTER {CTIONS

CoDD.r Tsling ldgo qus id oa zinc (50 m8/div or @re) orcr t psiod or weeks co

int rfc! *nb ..ppa bionvtilabiliry tliS! intile of ,Ec iidu6 lhc i 6lioat qdh6is

of! copps-bi.ding pml.in crlled m.t lb$iorein MeLllolhlorcio lraps @pp6 wilhin

inrdind @lls ed lwqn is s'stemic ab3orDlim Mor. l}9icai intlt6 of zim do noi

a$6t @ppd lb$rpdd ed ni8h 6Dp4 int 16 do ml dld trc 
'blo4don 

(r'in8'

\999).
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rron: Supple|Mtrl (3E45 n8/dsy of dddtal iroi) bn not di.ltry l.rtls ot ton dly

d.{@. zic d,sorptior! TIis iiiq&1ion is of @Mrn in d|c 'tM€d.rl 
of iron

slppld.ddron dding prcenec, dd lncldiot od hs l.d som. *per15 ro @ommdd

nN suppl@atrdon for prcsn ,ll ard lL.tlring soda rllilg DE thb 60 ng/dav or

.1.@d non (O'Bri.4 20m ari F$s 1997).

C.l.i!n tligh l4.b of di.r.ry cst i@ ihpEir zinc lbsotptjon h diflals, bul il 
'3

Ddtain wnah.r $h occuE in humN lncBirg lhe cdciun inl.le of

t6tndopdsd sM by 39o he/d.y ir |n. fom of hill or c.lciun ph6ph.|c (rorll

.alc'ui i r(c r,360 me/day) reductd nnc absoolioo ed zinc balaG in

DocmaopNal snE (wo.4 199?), btl i.clsing rho c.lci6 inbl| of adol*nl

sil|3 hy l,ooo nE/d.t in d. lom of c.lciun cittlis ndar. (rohl calciud uld(' 1667

myd.y) did not !fle{t t c lbsotplion ot bdlree (McKd!!' 1997)cdci@ 
'n

@mbiDiio! *ilh pfitic ed Edu€ de $$Ari@ Thb 
'-fitd 

it pdtidldv @rdan

!o individurls @Nuflins t dilt lhll ir hishlt d.pe.ddl on lonila nlde wjlh litu

Folic rdd: Th. bioav.ihlilirv of di.iAry fohr€ i5 inc@lcd bv lh€ ldid or ! tnc'

d.radan azyn , $8a6llng ! posble nnqldio bdsa tnc drd folic &id b 0E

ost sod. siudics fodd bw nnc inla}. lo d@s. folale tbsorp on, riL olhs slud'ca

aouid loli. rid supplana .li@ to impai'irc ulilit"did it individlih wilh nagi t

zrc slrN (Pood md Nulito Bosd 2ool & Krs. l,oo, Hovovci a dor' rccdt $!dv

lodd lhrl suppl@hiition wilh a retdirctv hiSh dc. or folic eid (30o nce/dav) for 25

d.$ drd .ot alter zirc nds i. . sroup ot studds b.ing f.d Iow'zi'c di't3 (] 5 mg/&v)'

nor did tm inuto inptir folsL dlizdion (rsuN.ll 1995 )

DEFICIENCY

MNh of slur b kmM .bo!t sewG 2jnc d.ficid.v sd d6nved lbh lhe studv

ol indi{duils bod *i1h @d.mlitG atlopllhict, a liddic disordc Bltling fton

lh. idporEd upt t@ dd tr@pon ol nm The 3tmplotu of s@ 
'm 

d.noocv
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incltd. lh. tlosing o. Bildod of g.ow$ dd d4lop@t, ddrycd *Ml m.tu6lio|\
chaa(.orirlic skin tuhea clyonic ad evoe di0dh.4 jinnun. slst n deffcioncid.

inp.nld mud h..iing, dininbhd ep.rir., inplird l!n! s4!!lio4 nirhr btiid'r.s,
sw.lling lld clouding of lho con t5! dd behavjoral distdb&c.!, BefoE the cd3. ot
@d@ rids 6l@p.diio rc tDd, Dolidc ry?i6lly di.d in inley. 06l 

'irc
lhe.py Gulls ir the @nple!. remision of sydtl!tu, droush it tujr b. naintined
idc6.ilel, io irnividtrrb wnh rh. gordic disodd(Kiq t99' dd lranbidge

2000). Al$oud di€hry ,ic d€lici.fty n dlikely !o @s. sv.rc n@ d.f@i.ncy in

indiridnrlr *idDur . gc'Etic die.dd, tnc nrlab$orio. or ondilioB of i6c@d ,nc
loB, such s so.c butu or poloreld di.rrh.!, @y also c{rt in svd zirc

MoE @.nly, il ha bem. rpped dar nilds nnc detoituy .onrribuld to !
ambd of h..Ih prcU.6, 6!€i.lly @n1!M in cbildo who liv. in dd.loDitrg

counri6. Th. lact of! ssitive indicdo. ofmild zrc d.lici.qcy hindea 6c scidtific

snldy of its hallh @pli6foR lio**r, @nl,Dll.d rrid. of noddt tE
sxppld@tltio. hlvc dercBrr.ted $d nit nnc d.nci.ncy dlribules io imp.iEd

Dbysiol dd tuo!6rdblogiol dcv€lopM|l &d icras.d $!.€pdbiliry to life
&raiqirg infe.lions jn youg thildrd (Bdbidge, 2000).

rdbidur, ( ii* of ?ir. d.fi.i@.F Giig 1999)

Pcgnd &d l&rtiog O.6de.ding) sno, 6p€itlly r*n 96
Padeob Eeiving brAl DMrdzl nulrition (inLav@$ fedinF)

Mdrounsbcd individualr inqtuding rho$ filh pror.iFe@.g @hutino. Dd

Individurls wirh sd@ or p.6is1qr dinlha
Ildividu.b ei$ n bllorDtion qrirerEs, ircluding .p@ ud shon bokl

Irdiliduals *ilh al@iolic livd dis4 h.s iFtrsc<l uinary zi@ acaion rd
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lnlividuNb wirh siclle ccll arlcni!

OldF adllls (65 )€tls ed oldq)

Sdct *g!|trif.: Tla rlquiman for didrry ,nc nty b. a Ducl a lilt
pe@r sr..r.r for $rid v.!ct ris lhoe mjor food stapl6 e e6B dd
l.ruffi b*Ne liSi LElr of phrlic eid i. the food. red!6 lbc .b&rDli6 of

,nc (F@d Md Nltrition Bosd 2o0l).

DISD{SE TRXATMENT AND PRI}'ENTION

Mo<l@te nnc d.iiciocy nay b€ Flativelv con@n if, individu'b ailh di!b'16

ndlinE t ets.d unntry nnc d@rion !pp@ lo @tdbul.lo lne @gitd 
'inc

nulrilion.l !Llr$ lha1bs &en ob$ded in di.beti6 (Blosteiq 1997) auoqh tnc

sup d..llr'!on h$ hea t@on d io inpDv. imD. 6mrio. h didaics e'l lnc

slppld.nhrion ol50 oe/dly advccely !if4l.n @ bl of blmd cju@e in 
'Bul'n-

d.pod6l (ty!el) dialdi6 (Cmin8l'.i! 1994)

Thc in0ua* of tnc d glu@se i.lllolisn lequi€ funhd studv bcfore hid'-

dos. ns supDlmotorion @ be dvoc$ed lor diabcd6 (K'& 199)

Plsma zinc @n6tdnos N* Edlc.d dd unnsrv zirc *dclion wa eltv'rtd

in dirb.ric pdi4B (Ki.las, etd. l9s3l Td|1963 g€lt/rt, 
't 

d l 2 dd KMU '

1974).

Psli.nts wih n.c d.ficiacv sulnns lon sslroh'sn"I dis.s htd

sislitlcsnly hiEhq sruos. Lvels dd signin@dt los'r insili' lt!'k $e did sidrd

Dllioc witbout ,jtu deficiacy (wol@ .l al 1979)

zinc suppl@dlrion ind4.d ptsha i.suli. ld'15 in fi6c psd'fls llaxnv

drir volutds co.sMing a low'zi.c <ti.l hld a sic is1 itur4t in farins blo'<t

gl!@s lct€ls (solon0\ lt32).

tnDair€d glu@$ iol.tte d$ ddetop.d in dts f'd a zinc dtfoal diet
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OTTTET DISEASESi

Ag6d.rd D.ort . d.!@{otr

A tcldiig cN. of bliidcr in pdple olq lhe !8p of 65 in dE US. i. a

d.€aadrc dis.s of tlc @d4 IooM 6 age-rde,hd Elota deC!.enlion (AMD)

In lh. bek ol lhe e't" lhc @u1! is lne ponion of $o r.liM involved silh dual lhior
Zinc is h$oth6iz.d lo play a olo i! tle dddoDnan ol AMD for sddd lte6: (l)

zirc is foDd in hicl @m4lBtioB i. $e pdl ofth. cli.a arecled bv AMD (2) rcr,nal

trc @ an hs bd shoM 1o d€line wilh .s., !i e) ihc &livnv oreft nF
d@ondsl r.titul tuvmes hd b.o 3hoM lo d@lin Nnh !8e Hoecv.r, scidlific

djd4e thar zi& nnd. b dsilr€d wilh $e dd.lopndl ot PosKion of AMD is

finn.d. Oba.narional 3tudi6 hw. @t dd.nrad cl@ @odioB bdvq diarry

,inc inllte dd ots incid@e ol AMD (Veda LdSob.l8 ,1993 Md Cho, 200D.,A

Edoniz.d onrrDll.d sid Dosl|d inl6t sh.n n aound thlr 2o0 
^gdav 

or nrc

sdfde (81 msldsy of .lelMlll zirc) oler 2 yes rcdued tls lo$ of vhio. in p.lrcnts

with AMD (Nd$n , 1983) Ilolwd, ! l.r.r llid 6ing rh. 3!m d@ ad dutdi@

found m badicial efcct id pdidr wrh. mE advdc€d fod of AMD it otu ete

(stu, 1996). Al p6o , lhs. i! li6le .vidre lhdl zi.c llppl.nqlllion s'Jd be

bodlci.l to topl. wiih dly !j!tB of m&ne d.Sa.dim but ftnhor 6doniz'd

conllorrod fiob @ wmtcd (Evc. 2002)

HIV/AIDS

Suficidl zinc is ssidal io Mint ining inn@ stston Frction .nd HIV

inl.r.d indjridu.& e Danioiuly sugptiblc to tnc dencidcv D..@3.d ston ac
ld.b h.r. bc€t socidld vilh noE !&!E d dis@ std irc@€d mnditv in HIV

Dlliars (Ld,2001 &d wdlinehu! , 2000)

ln one of lh. fw zirc tuppledenhtiot srudid conduded in AIDS paticnls' 45

nE/ddy ol,im aot @ nolh r6!ll.d in ! d4'€e! inod€@ in opporfunislic inf6li@

codDded lo pl@bo (MocdDgi&i, 2ooo) How.t, the HIV vitus also '!q!i6 ahq

dd d6sivc zinc i old @y slinul.l? lhe pdlt*ion of Hlv inr'clion' ln d



ob€llvatio.al study of Hry-i.fectcd nM, incB$ed zinc inlato s,a! associated wnh noie

6pid dis. prosKion od art irtate of 2i.c llptlcrEa w @od.d ,irh poou

swivrl (Id& 1996).ft6e clhs indicd. thal furd)er B@h is Fc.$ary to

deromi& oflinul zioc id!t6 for Hlv-inadGd individuaLs (Bdn! 2000).

Signifi.et d.lrf in lin@ grosth 0.d wight gaiA lnow a grord Etadarion

or fl w to lhrivc @ @,len f@rG of dld te d.ficiocr in child@ L lhc l9?0s

ed 1980s, sddal randomiz€d pl@bGconlrolled !l!dr6 of tnc slpplm$tlli6n in

young childtu with a8niicltI grc*|h d.laF '@ 6rdrd.d ir DdE, Color.do.

Mod.lr nnc lupplffil.don (5.7 iyday) culted in ircBed go*4n dB 6npdd 10

pl4bo (wdrlvas" r93t).

lvloe 6ddy, ! nunb6 of I8a6 nudi6 in d.wloting @unltiB obs.d sidle
r6ulr! wirh mod6l rjnc suDplomhtid. A mdHdlysis ot gb${n dd! f|m ttu
i erv.dion lri.l! @otly 6rlim.d lne tid6pcad ocom€ of 8ro*1n linilinS nnc

dcftci..cr in rlss child6, 6?ai.lly in dddopin8 @undi6 Gidbidgq 2000)

Nlnoulh $e cu.r tBhdis for tlt C@wih lihitine .Irdr of nrc d.liciocv

@ mr kbw, tE@t rt3dch indicates lhd tnc lvailabililv afi.ca @l siSDtlinc

srst tu tndt @ordinlr. $6 BDoM 10 lhe Srofil}r.Euhting ho@.., jrolliFliko

eorrn fadort oCF-l) (M&Doi.ld, 20oO)

SUPPLEMEIITS

r.w nar.nel zirc lulrition.l slalus hd ben 
'ssial.d 

with dini.ished axo 
'on

in U. rcwbd infdt ed pood mbr nndion ,r 6 @dB of age Zinc

supplcmflldion h6 b6 dsocitl.d wilh impnvcd notor ddelopmdt in !.ry lov-

binllEig]t infeq soE visorcs orrivity in lndie infotr &d toddl.rr ad nw
fwtiondl a.tieily in Culemds itrdts Dd loddl.ts (C&lfi.ld, 1993). Addidon.llv

ziE tuDrl.lMlltio 6 6*i.r.d silh t tid @rcp$dolo8rc tundjoira (aC,

attalion) in Chi..F 6st 9!d. stlddts, bul ot y lhq zinc wa povidcd sith odr
oc@urriac (Srdst4d, 1993). Tw olhs 3ndi6 flitcd |. 6.d & dsoda'tion b.!{q
zirc auDpl@nldion .nd l|@G or !16tion in childd diagnot d silh lro$rh

EEdld@ AItDus! inilid nudi6 3uss6l th.I zinc deno.rcv mav d.pte @glilive
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ad.qulre ntu ini*e L ssdd in minlaDing the iitegrly of tt. immc
3'sten (BNrL 2000) dd zir d.ncied individu.ls @ ldDm to dtsi*. ircffi!.d
suledbility ro r iu.ty ofinf*lioE ,g.nts (Sheld., 1993).

h k 6!@t d Uul diuncd de@ 6ult in thc dath5 of otq 3 million childt@

in d.veloping @@Er6 6d t@. The !iv@.6@6 of zilc ddciacy d im6.
rystcm aucriotr eo likely to increse fic aurcplibnny oa.hildtcn to infetiols didrhoq

*til. F6$al didna @nlribulB lo zift d..nciaEy .rd mdnu|'i|l@ R@n1 c4tn
indica&! $a zinc d.Iici@.a nsy .ls polotilL lh. cff€.lr ol tonB Drcdu@d bv

dsh4ouilg becn. fte E. oli (w'pnit, 2000). Zirc snppletubnd m

@mbiulion wnh o.rt rchydrdion rh@py hG bs shoM ro iiSrin@dv !cdu@ tls

du.alion ed sdsily of&ulc sd pGistenl childhood diehea &d ro inc@e sunivdi

ir . nEbd oa ddoni@d @ntollcd lrirls (Bh!n4 2000)

zinc supplmt h@ tily de Educe lh. iEidmc6 of loser tep$Lry

inacrioG, $cli 6 Dmdota A p@Ld $dtsn ol a .u'dq of ttudi6 in dev.loPing

courtig d.no6lralcd 0 subndlit Eduotioni.1h€ prcvtltnce of pn@donin in childM

lupplMn d s6 ?id (Bhufla, 1999)

se$ol s di4 hlvo indicrred $tl nn lupDld..l,lion hov redue dF ieidoc'

ol clinic.l d&crr oa rrtsi. in crlildM (Bl&t, 198). A pl&!boo' bltcd [l.l 
'n

oGchoot cniklB in Papua Nw Guino folnd Od tinc slpplctM|lrion Gduad 0F

ficdocy of hal|n ccitcr dad.@ drc ro Ptukodtun ftlct4@ ribia bt 33%

(Shrrhr, ,OOO). AddilroMly, tlF nw!€ of matdis e9i$d6 a@np!i'd bv bi8h

bl@d le*h of thc mddiadshS pdsit w teduced bv 68% 3uegding lhll tin'

3uDpld6l'don nDr b. of bddit in Pddrins tuF wd @i!.<t6 of mlai.
llor|EE, a 6-ro.di trid in hoe lhs 7oO \\re Alii6 childrd did mt 6td lh.

rr.{uacy or lddity oa ndu. .pi$d6 c4ed 6v 4 y'lc&.um 10 b6 dilr@tll jn

clildM supptdboted wnh nrc oDpa.d lo lhose Sird s pl@to (Mul,4' 2001)

dadoDmsn in )0t'8 clil&r  nro|! c.rirolLd r6..tch is Equir.d io d.ianinc o.
ndlurc of fic etTd ud {hahor linc supplemdtdion is bm€licial (Blelq 1998).
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AgHcld.d drliB i! innw. function @ sinil& to lh@ 4t3ociLd wilh ,m
deticidcy, 

''d 
thc eldedy rcprdot ! groop thol i5 Elnqtblc to nild zirc d.,icilNv

tlow6, !!c r.soils of zi.c $pd@dnion tilh od iru f@di@ h De dddlv

hovo b6 nired, cenain 6p6t3 ol inmuc aunclion in $e eldqlv hnve bM loud t
inpow with te $DPlqE)rdid (Sd8wire, 2000). ln & tudohiz.d pl@bo

cooi.otl.d sndy in dd ond sDd os 65 ys of !8. M folnd th3{ . nnc

suppt@.nt of 25 dEld.y fo. 3 @ntlE in@s.d let l! of ed ciolarirg imu@ cel!

(CD4 T-c.[s dd ctlolqic T-lFphocrr6) @tpaEd !o pl@bo God6, 1998)

ttowlv.r, o$.r 3t!di6 hN. nd f@d tnc suppl@dllion to !6por.
p,@otcG oI imuft nllc1ioA indieitg $& mrc 6.at h k Equred b.foe ev

@madtrid Estrding tnc ud ilmde q5lcm G!o@ in ft. eldcdt @ b'

It h6 h4n 61imd.d lhll 82"/o ol Degmr wono wrldside @ likclv to have

i.adqurc tN in&16. P@r batdd zioc nulriliosl slol6 hc bs adaotc! wnh a

.umber of ldveue outon6 of DrEPnanct ioclldi!8 low binh v'ist prcmah@

deliiery, dld labor dd d.livEry @ipliclioc Hos46, th. 6ull! o' Nlael tm
supplnlnhnon rids in lh. U S dd {tev.lopine cou ri6 hlva b@ mix'd (C&lnet

l99s). Alihough 3oft ltudi6 bsv. foutd mr.bd lnc $PPl@6lalion lo ine'a' binh

vo€lt.rd dd*. tlF litdinood of prqdlut ddivrv. two lgl5ludi6 in PdurD

dd Begl.d6hi womd fo@d no difr@c. betEa a4 tltpl@ilrio! ed p!@bo

in lh. iBdqe of lw binh *ogl or prtu$e ddivav (c|dfeld, l9t atd Oedltp

, 2OOO). Suprl.@ttrron iudi6 d6'gned to 6din' lhe 'Itd of ri'c $Dpleml{ion

on tabot ltld delirry 6ndi6rioE h.ve.tto sotold nircd 6ul+ ll|ousli fd h!v!

bld @nd!cl!d in znc d.n<@l populalioN lcllli.ld le93)

a numbor ot rinc supPldoB @ '!til'Ue' 
rnclud'ns arc r''ir' /inc

Alucmt., zinc i@lintr. .d tn t'ire Anc pi@lr@ hst bd ptomEd a I m€
absdoble rom of zinc, bul lh.rc B lnn. d.la lo supporl lhi3 ids in hms Linil'd

!o in &isds $Ce!$ $ar ift@3.{t itt6liml obet ion of nrc pholiEtt nav b'

olBct bv inc@.d €llnintlid (f@d 6d Nulridon Bosd200l )'
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TTIE RECOMMDNDED DIETAXY ALI,OWANCE (R'A)

Thr U.S. rccom$ded dietrry allo@6 (RDA) for nnc @ lislcd for all.ge

Sroups bouse infMts childrd, dd preln4t dd lsrding sond @ at itur6ed risk

of tnc dcncimy. Sire a esiite irdicltor of rinc n rition l 3.16 is nol @dily

availabl!, the RDA for zitu sa bsed on d nldbs of difld6nt indiorod of nnc

rutrilional slalu rnd r.p6ots t E daily imal6likelt lo prdql d.6d@y in narly dl
ind'viduds ,n a sp6ific age dd Sodq Ct@p (Fmd ed Nutrnion Board 2mD.

T.bL ll
RECOMMENDED DTETARY ALLOWANCI (RDA) FORZINC

(FOOD AND NUTRITION BO/\RD 2OO1I

Th. R@trhaded oietry atloNmc. (RDA) aor zinc 
i'Lir.Suse Ase - na.i'Wa"vj i"."1*i"'s/d"y)

lr;i;i; o-ei'i''t"- z | 2

t'r",'r, h-,rr.od" -- -7 t -l ". j----1
lc,'iii; i-:yrq 3 3

Chjldd 4-3 vlds 5 5

ch,rdrcn ,i-n ji^
adod;; i+tryrc

lP..g''*r - lr-r yn* "it "t-i

@i' -- tts r"-; "ra; ii
i"s;t Is )rsddlo{uq t2

ls@rredina lrflyo6Mdyourr
s,;s'i;d-e Ie y;3; ords tltl

TOXICITY

bolarcd oulb@!5 oa eule ,.c loxiciq irve o@rcd a . 6ut of th.

@Emplion of food or belc$ga co'neiEled Nilh nrc rchded ftoo 8.lvdized

@t rf6. Sisrs oa @te tnc lonott ue abdoni..l paia diaahe., 'see !d
voniting, SiDcle dos oa 225 lo 450 m! of nn. lsually induce voniting Mildd

csr.oinrdjn.l di5Bs h6 bcq teponed at dos6 of s0 lo 150 n8/dav of .upplelMl.l
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nrc. Mctal fwe fo.. h6 b€n rcpon€d anr $. inhddion ofrinc onde fmB Ptotus

s@!ng veill6, did opid brslhing nay develop wnhin 8 noN ot zin oxid.

irn bdon ed p6tr 12-24 nours altq expMe is lmin red (Food dd Ndrnion Boad

2001 & Kjng 1999)

ti. @jor cots.qu@ oa ldg-lqn cdMDld ol qBiE nm i5 @ppE

denciocy Tod noc inlal6 of 60 oc/day (50 sc aupplddlai od t 0 Eg dicl&v zino

h.ve b6t found ro @l in siSN of @ppq defi.idcy. ln odd b p€vdl @pps

dcnci*y, rh. U-S. F@d dd Nrrdrion Bosd e! !h. loldll. upr.r tdd (UL) ofitt*c
for ad!l& ot 40 ne/day, iDcluding diei.ry @d suppldd.l nnc (Food dd Nunjtion

Tdlc l3
TOLERABLE UPPER INTAKE LEVEL (UL) FOR ZINC

(FOOD AND NUTRITTON BOARD 2OOD

I Tolcmllc Uppct InEJre LeKl (ULr iot Zi(
Iese croup 

- 
uL (.Att

InfMk 0-6 rcnlhs

Llnrer.7-r2tu hs 5

t2

'a1[cr"ia* e-rr y*
f a"r*;; r+ir y"-
lea"irs rsy"c-a"t.r

MANGANESE

MM8d6e B ! mi.q.l olemd dol is bolh nuhtion llv aonutl ed Poldtdlv

ro!.. Th. ddivlrid of iis rd. frod lhc CE* mfll for msic t€mi6 lplDFlt
beause icidlisls so rlill wottirg lo u.dcBldd lho divs6. onds of dd$n6.
d.6cidy ed @8.lw bnciry in liyirS oryanis (K€! 199).

l4



DTETARY SOURCIs OI MANG NESEI

Esdnlred ard.8e dielrry nd$nesc i .I.3 io th6 U.S, ta!8p 6on 2.1.2,3

neldly for @ and LG13 n8/dry for Mma Pople edinS veeefitiu di.rs an
q6r@ dics aph6itnB wnol. 8Es nay har. nMebB. indG 6 hid! 6 10.9

m8/day (Food dd Nuliidon Bo.rd 20ol).

tuch soe6 otndCe6e i.c,udo qhole srinl, truLs, bary vegdablG, ed tele

Foods hlgh ir phlric eid, sch a bd5' !Fds, nuls, whole Crdilu, and $t pe<lucrs, ot

foods high ir oxdic rcid, suct a clbb!!p, sDinadl sd swel poLto6, tuy slielilly

idtibn ndSeeo aborpdotr Allhoueh rd ae dcn !our6 of hong]d*e. lhe looiot
pBaf in Ga nay nodlrady r€due the !b6orD!6 of nu8asc (Kies, r94).

IUNCTION

Moglse (Mn) pla)s s iDpondl role i. a numbs of physiolosi. ttoc.s a
!consntue of son. $4f,6 sd d a.rivrtor oaolher eozld6 (Ni.kea 1999).

MrngaBc supcrcnde disul6. (MiSOD) b lb. Principal eiondei wym.

oa ditochondrie B@se milochondrir @ns!@ ovet tool. of$e orl'Ben us.! bv c.lls,

0Ey de.Ediatly whdabte lo onddi$ aE6. Tn $psdidc adrcat a one ofth.

@nve oxlto spccid Droduc.d in nilochond.in dudnc ATP stnthesis MISOD

Qr.lyz6 the conr4ion of !!p@nde radicab ro hydog$ taoxide shich 6 b.

r.duc.d ro Mldby o$a adondtit @t1G (tsL 1,97).

A nubd oI negNretivoled 6uyd* pl.y inDon4l rcI. in th. ettbolio
of dto|l}d6l6, dirc &i&, aod clDl6Lo! (Food dd Nulndon oottd 2ml)

Pyolale csborrlbc, ! nMgs6e@nloining duynq ond ph6phoerclDruv.L

@boxy tiEe eErco, t ndeln6celivar.d drynq plav silicd tol6 in
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Bluco.EgnEiFlho produootr of gluco!. fom M-cntotydd. p@RoR Atgitt!.,

erhs tuld6ocoLidbS .Mtme, is rcquied b, rhc livrr for ds ut@ cych, 3

p@6e lh,r ddoxi66 
'll@niaS.mr.r€d 

duirs djrc @d ftt bolis (L4a.lL l9?).

NUTRIENT INTERACTIONS

rtun! Al&ou8h $e sp.linc halu,tilm for Mcrce lbsorption dd ttsspon hav. nol

be detsnjrd, 5os. aidE4 rursBtt lrtir not !d rbtSrG. 6 lhit @ItllM

lbsorltion dd tr6pdt parbMy' Absorplid of mStse ftDn t nal it r.du..d B
ge h6al s ton @otdt is i@s.d (Kd. 1996).

lron supplmd|llior (60 m8/day for 4 mnth3) B altocidl€d wi|!l dd.aed

bl@d nd€&e lev€b Dd d*@.d MiSOD &livity i6 wbit blood ce[s, indiding.

r.duch@ ir ionglns nrinona! i.$s (Davis, l rr\

An individual'3 ibn sLls @ llred lMgDe bi@Eilaljlnt Inr.srlntl

lborDdon ofnesme.€ is id.scd dunns non denciscv, Md itc@ed non sloG

{f6iin taels) @ eoci.l.d wirh dd@td tuCar@ alorDdon (Fitlcv, 1999) IlE
nnding thlr Do !6atlly .!6orb 16 IMgll@ d5n w@ @v be 6ltt.d lo dE f!.1

$.r m6 suolly h!v. hisnd non sto6 lh& vono (Finlov, I tt4)

Mtrgnoiln! SuPplomenl.l haln6iun

bi@v.'labrli9 sliljhdr ats by d@in8
to$ in h.,lrhy durll (Kj6, t 994).

C.l.i!ri Ir onc s.r ol s[di€s. tuppl€@rd c.tciun (5oo tE/d.t) Gullcd in sli8hllv

lowor nat$n6. biqwihbititt in h.tl0ry .d!ls A! . s@ of oLio4 Dilk had $o

ldr .6.q rnib ddm c{non!r. $d otciln pholphtL had $. 8r..rd .F€t (Ki.s

lt"r). Sdc.d orh6 3ludi6 h!v. rolti rhc ell|cL or suttl..6td c.rciun @

M8m* lEt$olis lo be niniDrl (tonao[ r99l)

(zcomgdly) de@cd raga66
mngalF akoDton or by inc@n'g ils

.]6



DENCIENCY

MangDese dclicisty hrs bm obsc$ed io ! nunber of mjnal speots Sisns of

@s'Ge d.liodcy i.ctldc inD.iild sovur itDrt d iptoduclive OEdoq sld.tll

alnomditi6, iDpaircd rbco!. loldeE, ed aleted @bohtdttle dd lipid o.llbolim

In bMeq ddoBLtlion of s iltcnls deici.tv sltdo@ ha b4n t6 cld
(NieLlcL 199 ed Kc.Jl 19 ).

A cniB on los-t6n totlt pdat.rdl ndrilio (TPN) $!r l&Ld rulgal@

devdop.d boN ddins.lizdion ed ihpdrcd CrcMh lh.1s@ @r.ded bv nd8e66

rlppld.n&lroi (No.Ge. 1992) Youns nfu *{'o r@ f.d ! low-ruso4 d'r

dddoD.d deMed lmd choleldol l*€k {d a lrMsiml sbr 6h (Friedmtq 1987}

Blood cdciut\ phasph@, ud olktline ph6!nda.l*.le w' d$ elevtled,

rtlich nly irldidle iftBtd bom cDodding s . cc€9uas of iKdliciqn dia!ry

@!rGa Young wo@ I.d 6 mnst$Fp@i diei dd'loptd Dildlv ab'omdl

alws. lot@@ in tdpoN to e intnv@6 (Iv) intusid olsladc ('on6o4 l99l)

DISF-AS' TRF-A'IIIIENT  ND PREVENTION

Mdg!6e d.lici6cv E uls in gluco$ intol'focc sinild lo diabeG mu(s 
'n

lMc bimil t!4ie.! bul s$dts e:miti4g IE @8al@ $na of ditbdic hut|a

hlt scndded nixod resDns. \I4tol6 blood nmgese levels did not di6'r sigilic&dv

b.t$@' 5? dtrberiG tr, 28 bnnilhelic dtroh (w'lrs' r9l) lioelE' udttv

@!!rse 6xcrelid i4ded io be slighlv hi8h4 in 185 di!b''!6 mnpded lo 185 non-

diatar. @ ol5 (d-Yttsi l9l) Addili@tllv, .3tudv of fdcnontl Ngal6 srdus

fodd $e atiivilv ol $e sli6xidsl ozvnc' MnsOD, to b€ loter il the whne bbod

c€lls of di.beli* lhD in lhdc of mn'diab€lic @nlrob (Na0! 1934)



OTIIER DISEASTs

MogDde dlicitucy culls in abnomtl sk.letal developMl in I nuhbd or

din.l spai* Mdgd@ is ltc prc&rt d @fucor of qzvG crlled

gly63yl!.dsfd64, shi.h @ tcquired for 1he synlh6is of p@l@glvs $al @

nedcd ld th. aomstion of hallhy .tnilagc ud toe (K*\ 1996)

Wodrt hEling n ! 6npla prc€r thd 'lquiB 
ift€s.d poduclid of

@ltagd Mdge66 i5 requircd for lhe a.livliron ofpolids., d oryme lh'! nnoliotu

ro porid. lht dino !cid, polie fot ollasd fomtlld in lN@ slin @tli

A g.n.tjc dhordq lmM s prolidse dcfidq" tsnlb in abnonnal sund

hatinS @ong ooE pbllds. ed h chltt l.t"ed bv lbnotud @se6e ftralolhn

(r.ea! 1996). ClycosminoSlv6 sldtlsb $hicb Equit6 tuCaGe&lttced

glycolyllr@qes, nt, .lso phv e imtondn rte in wosd nedinS (Sne a' 1994)

Epilq,sy (*-tturc dilontd)

MdgrGe dencient RB lre nor€ ss@prible to seidB' dd ots lht! ee

ga|dicltly p6* to cpilept hlve low t16 @md b@n 8d blood @8rce lcv€ls

Cenon subrtoups ol hunds sith epilepsv have hd found t' havc loser wb6le blood

Mlrr6e l.rcls lh& ,@<pilcpric onlols On. studv fou'd btood nds.re l€r'ls or

iodiliduds vi$ epilspsy ol unteM onsit lo bc lows lhs $'se of individuals wh66

cp elt w inds.d by L.lM (.e, h@d itilrv) ot di56', !ueg*in8 ! Pcible

s6.ric r.lalionshiD h.t''€ .pil.Dsv ed abnotin ,Nc,ne netobolitm lvhile

nmSe* dQfiddy do6 rct tppd lo be ! .Nse ol epilcpsv in hutw4 th!

.elrloBhiD belsed @8se mr.boftn dd .pil'rtv dddv6 lutln4 6eacr'

(Kd, 1996 sd CdL 1994).
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SUPPL€MENTS

scvqll fotns of M€!*se @ found in slpplomdls including hdlo6c

slu@.tc, rro\gde 3dfde, Mge4 6@6ale ed uino eid .lEla!6 ol

ruCar*e MdSrts i5 slaihble 6 a tl&d'slof lupdndn ot h @nbiDdron

THE iECOMMENDED DIETARY AII'WANCE GI'A)

sed$ rh@ qs m! 6o!s! inloocid o IMgs* t'quffiB lo d o

R@nm6ded Dietdy Allov!@ EDA), dE F@d {d Nutntion Bottd (FNB) o' lh'

In5li . ofMcdici@ s.l d adequde in|6ke llvel (AI) Sin@ own huse'e defic'qcv

be not ba d6@at d in hl|!|@ arinS mru'lr dia!, rh' FNB bsed rh' Ar o

dqalp dre$y utalc of @s!n* ddsnN! bv $e Tottl Di€t Stldv - & 
'Nal

suFet of lhe ninetal conrd of rert@nladve dieb of aberic$ (Fod od N nnon

Bodd 2ool). Adcquar€ InlrJG ralu6 aot me8s'se rr lkt'd it $e loble b'low 
'n

nilligMtdst by dgo &d ss'ds

Trhl' l'{

-H:Rr$$il#"e,l"#^x1^'K"#ii3l'P'f 
|,'

Adequde lnEtt I aD ror Mmgd6e

LJc Sla!. AsF M"r* rtg/a"v' rdd6 (mgdov) 
- I

;;:t ..";"* ooor om-r

Inlurs .7.12 tu.rhs "' Icl!g-- ,rrl?' - l: I ::
Chrldra 4.3\€G I

oura- n-rrrio l: :: I
AdolbdB Ll4-l3Y.s



roxlqrY

Inhrl.d minlrtdc: Mansreso bxicilv n.v tsllt in nullipl' Deurologic

pobt@ 8d G a *cll-@g'|izcd hellh hsd for P'o9le Nho inndt @sm6c dlsr

(Keq\I9g & Fo.<t ed NuEilion Boai 2ool) Unlit' inSden tu8$q i'htled

hsSi{e6 is !@!Doned dndtv lo lhc hdi. belorc n cu bc n€labolidd it tlD livq

(D$r,1993).

Th. symPtons of n@8@so toricilv gd.iallv atp€s slowlv orct ! ttdod of

no 16 to y.6 h iL sBr fonr\ n68e* ldjorv 6 EuI in t DerM'nl

@logi@l ditodd wilh sFplom sinils lo lhose of PdliMns dis@ includins

rrenors, difficulty Mlkin& &d f&ial nuscl' sp6d This slndrono is emetm6

p@.ded by ptycnilEic 5'dpto6, suc! 6 initabil x a8€r6'vd6s d 4d

h.llwinlrioG (Pal, lt99)

Ing6r€d Mngu4r wird nMss6e lcvels Ncte foud lo b€ 14 n&lnd alDost 2

hdts ais symptons b.8E ed iav n vc altadv !@n d"liniig (K6)' 199) A

lNdy of olds ldult! in Gr@ food ! hjr! pt'ttLtd of ntuolosical lvntloB i'

$6e qposd lo wlter d..s!*e lev'15 of t s-2 3 ne/lilq (Konddtrs' 1989) wlul' !

study of Pdptc in CqMv dritking satd wilh iDSd* l6!t!t rus'ns fiom O 3'2 2

nu,4id fo! no didc@ ol incEls'd ndologrc'l 3vnplo6 @npd'd io lnG'

dri,|Lir8 walet corn ining ls $D o.o5 ss/lilq (vi'e8g!' I95)-

A singl. @ of @se* bn'itv wB E?on'd in ! pa$' *lD root L4p

m6u of nimnl supplmls fd tts (Kd\ 1994) !hit' mlh'r @ w tlponed

s n ellt ofhhns s Chin*e herb.l sltpldnot Oal' lt')'

lndtti.h.b lh t!.o!.d 3r€rtiblliv to @4ra' ldi'rty

Chtunic t'Nt dis*: Mdsa*se is qlimdcd 
'on 

the bodv mliiiv in bilc Tlus'

inpaircd lis fscli@ nuv iad to d6ra'd tug@& c\'rdid Mssan's

@!dl.lio in individucls eith cirhosis or liv€r tulue nav @nlribuie lo ftuologcd

problm Et PrtiFon s dis4._lit' rvEDloN 0G€4 l'9e $d Hadl4 20or)



Ndrnoru: IXo ncrtom bnin mly b. m6lG tus06ptibl6 !o tu!8s'cse totcilv due lo t
cEd.r expBi@ of F..tlor' for th. nd8!i... r&spon Potdn (t!a&nin) in

derdopbg ee @lb !d 0! idflidry of th. liv.?t biL dinii&o stltan (Food ad

Du. !o rlE e@ inpli@li@ oa tung'c. @oioncnv lh. Food td Nulriio

Borsl (FNB) ol dE lGtitotc of M.diclN !d ierv ots4arive upp6 lw'15 of inr*c

(UL) aorm!'ce6q$'bich@li .dinlhebblob.los(F@dldNulritiotBdd2001)
T.bl.l5

TOLERABLE UPPER INTAT(E I,EVEL (UL) FOR MANCANESE

GOOD ANTD NIITRTTION DOARD 
'OOT)_ 

i;ie€bh UDd lflr*. rdel(UL) lor Mm8'l@

lAs.cftup 9!!I4L"Y, .- 'ffinjr*"* - - 
'q.r poiur" . or.uriir''

3

COPPER

CopFr (Cu) is & 6sni.l lr4 €lorBt for bn8 drd oDblk In th' bodv'

copplr shins b.ts.d th. dpbu (cu") ond tF opdc (C!':) foma lhoulh tho mljotitv

of 0E bodys dppd i! it th. cu" fo@ IrE lbili9 of @pps lo 6ilv ,4!t ed {tontr

d*toB qq|lin L inloiar ote h oxidaliojldlctm (t!doi) @'rt6 !n IE

sv69ngof fF ndical5 (Lindcr, 1996)

DTETAf,Y SOT'RCEI| OT COPPER

Coppa is lourd in t wid. vdi.tv offoods td b mst pledLitd 
'n 

orge meals

shcllfisb, nuE, Dd s.eds \vhal bd @ed! dd whol' gnin podud! @ ale good

sG of oppq. A@ding to Dlr$sl o'vtts' th' 
'tRsc 

did"' ir tL of @9p'r o

6
t



lhe U,S. is l'posnorely I 0 lo l,l og 0ooo lo I 100 ncSydrv fot odult {ofth utd I 2

ro L6 na (l2oo io 1600 dgyday for adult M (lood dd Nulrnion Boad2m I )

FUNC ON

Coppq is ! c.ilicd funsional conpoMl ol a ndbr ot 6enlitl 'dvn6,
hoM s cupo {ryd6 The copPr"depddot 64fo' cvl6hon" oxid6'' Dlo}s I
cdiq! ote in ccttutd 6dCt prcducrion Bv €ltlvzine ttu iduclion of mlmld
oxysa (Ot to *dd (Ht), .tto.!&ft c onde s@Et6 s eL<T iel E ldied u'd

b rh. ntoclmdn! ro .l@ fie viGl d€rs]4tonng tuldte ATP (Uev 1998)

Co ctic nttc fornnio.

Anoihd cupb.n4d., l,.vl dide' i5 Eq!i'!d for th' ft*linkjns ofcolhg"

!n Gl6na *nich @ 6drid ror thc fdrn rion ol3M8 tnd ndiblc 6re||l' Bua

Tb. &lion of ltuyl oxiddo helF mint in d' int'gritv of oMeliv' ltltw in lhe h'str

Nd bl@d veb ert Dlsts ! olc in bon' foftadon Oun ud 1999)

TMopp6€ .isinc6zvmer' 6nnod4nnin('@ndel)dd fqrond!6'Il

hlva the o!*ity ro oxidiz. fdou ro (Fc") b lqric im' (FC')' 0E fod of non $ar

@ bc lolden onto $e protein tlNiedin fot ltNporl !o tlE sito of rcd bl@d ccll

fomdion, Allhouen lhc fdondse elivitv ol $6' $t dpFaE sa hB 
'ot 

y.t td
pov6 to bc phyliologicallv signincd! |he l&r thtr ircn mbilialion lion sronst si16

is impancd in copp€r d!ficicncv supDois tirir roL in nod ftliboli3n Ouml@d 1999

C@tEl n.lld .t!td: A nunber of t@d@ ettid !o mdd f@tion ol dF b6'

and n.dos syGm e ca$lyzed bv .upmdzvd6

dnrrsntrrf rFrhdt: Do!6nirco'trrl)@xvg!|@ c'ltl'6 dtt Mion or

dopmin. to lh. muoltsii.ls tur cpin.thnn€ (Hst' l99t)



Mctitolifi ol rcurernnsl(d: Mo.oahire oxidao (MAO) phys a.ble ir th.

tn.{lboliin of th! naronnsitG ioEpin phin , epiftphrino $d dotarninc. MAO

dio nmdo in dl. d.€nddion of$G reuror$nids soloniq sn d q the b.si. for

$c Bo oaMAO inhihiioN a dndcpressrs (F@d qd Nllnlion Boaid 2001).

lot@ltor .d Edrt loc .f dr.!n: Th. mydin sh.dh it stdo of plbspnolipid!

wnosc ryn$osis dcrqds on qlochromc . did6c acrivdy

Th. cupDerzrN, ttosiMs., is .equi!!d for dE f@lrion oa tl& ptrFnt ftleitr
M.l&in h lodrd in eth cdl€d Fda@tta tnd pllts . tole in lhe piStEn&lid of lh.

hair, skin, od oy6 out und,1999).

Sut mlide disu&!: Supsond. dilmdse (SOD) au@noN 6 s dliox'ddl bv

cat.lyug tho @lveGion of $p@xid. Fdicds (lee tldicaL) to ltvdro&n p'DEde'

$ticn d subleq6dy b. rEduc.d io Mtq tv olbd dltididu mry@! (Iolh$

r99A. Ts fom of SOD 6Lin @ptd: (t) cop!6/!ft SOD a foutd qilhi' msl

colls ol de body, includinS red bl@d @lk, ud (2) q\16 celluld SoD k a copper

dniairing enzyne fomd i4 high 14.15 in lhe lDgs dd low l4els in blood PlMa

Ccdloptsnnr: Cquloplsbi. rov tunctio. 6 D dLioxidot in lM dirscnt Mts

F .e @pp6 hd iDn ions @ powerful 4ttltsls of ftd tadicd ddlge Bv binding

c.pDs, cdloplsni. pBats &E @ppd ioE fion 6|llvzinS ondt'liE dlegc Th'

f.donde edvitt of @tuloptsDin (ondldon ol le@!5 ioi) ft'ilitlr€ ion loldmg

onlo iE tasPott pbtd4 Eesfedi., sd mav pdot fre fd@s ios (Fd') froh

plrtrdplons in hmroi r@ odicol gmrins r4lio6 (JohEon le92)

R.td.dd or l4 dtclro.

Coppdn@.odqn l'udipdon fa.1oB rcC |te l'tMiplron o, spGcifi. 8o6
ThE, @ltuld copps lc4b ruy !f.d $. sy h6h of pnlcc bv .4hmin8 or



innilidng dF kssplron ot 3peilic sd6. Go6 lEldd.d by @Ppcdetcddl

!-scrip6o. fero6 in lu.le !!es fot @ppcr/zinc aup€rexide dlnuta. (Cttzt\ SOD),

oralNe (.no0M Dtioxidoi qrync), iod p@rcins rehted b the ellulor ston€c or

NUTRIENI.NTTIRIENT INTDNACTIONS

lmnr Adequale @pper nulritiotul stdtus 4p4 lo be t6c!$ary fot nodal ion

nEralolis dd Fd bl@d ell fonntrior Arcmi. b . clinic.l 3i!n of oPDs d.6ci.rcr'

ard iotr hs bd foud to a@@1tL in lh. liv6 of @ppq deft iert Dimals' indictlina

lhn 6ppe (tbhtbly in 0rc fom of c@lopl6nin) is tcquired for ion ItsrDort lo ihe

b.n nlry for tld blood cdl fon{ld lnfob f.d t hi8h ion fom'na t!6otbcd I5
@pp!r lhs irlsls fcd s low ion foroui4 susgdlins lhdr hilh non inlakd mv int'rfde

vilh @pp6 atsoiption in infr.t*

Zi.s Hislt sutplendtl zinc i *6 or5o mg/dlv or moto for dletd'd periods oftjDe

may Bdt in @ppcr d.ficiacv HiCh iliebtv ,-ift inc@ the 3v'lhdt ole intBlintl

c€ll tolein call.d r*lilb6io@in, wnich bind! @dah Nttls Md PEv"ls $dr

aDsoonon by lEppjns dtsm in inlBlinal @lls Me.allolhioncin hs a nro'ss lllinilv lor

@pps lhd tnc, $ hi!,l lcv* of n€rallolnid.,n i luql bv

decrs. i! inl6tiDtl @pps .t6oadon HiSh copPd intlkd hw€ nol ben foud ro

af*t zinc nlltiional sldu3.

Frucro*: Hish trucbs. drers hdve deebded @ppo delici'rcv h dls bur nol in piss

$t$! gdroitrl4slithl s$tec @ mE like lho$ ol hds Vcry hish lc@b ofdilttrv

&!.loe (20% of toLl cdons) drd not sul in .oppd deptedon il hlnEls $gg6ti!g

$cl fo.l6. idtlc do6 .or Bu! i. copp{ d€4lolion 511'vek rclovat b nolml dtcl5

(rufl und, t 999 & F@d !d Nunnd Bodd 20ot).

vit.hitr c: Alrhous! liwni, c lupDldohls hlve prodoc€d @pps d'ncid'v !n

hbonrory dind1 rhc .tr61ofvillnin C auppLlEtr5 on copDc Nlndotd s1llu in

bl):t$ is le$ cle. Ts $ [ stodis in h€tllhv voung addl hd indiole dul the

oxidse snvrry or @loptssin nlv be ihpEr€d bv rcldr*lt hisn dos of

suDplmdlll tilatun C. ln on. srud, vii0din c supplemnlalion oi l5m tE/dav fo' 2



s@rhs r6ulcd in ! si8nific'I ddtitu in @loplainjn oxida. &tiiity (rinler, 1983).

h the othlr study. swplmls of 605 ns of rirnin C/d.y for 3 *E ls l.sult d in

dcqesed c@loplein oxide dirity, oi$ough @ppd lb.orPlion did nol decli.e

(t!.ob, 198?). Nenhd of lhs sludi6 food litanin C Elpplenmtlrion lo adv@ly

ifal @ppqruEnionrn 3tlrus.

DEFICIENCV

Itrd|tidmk xr iskold.fi cldcy

Co$/s nilt jr rclditcly low in @pp.., dd c.s ol6pp6 deficiacy h.vr b€
r.rbrr.<l in nkh-nsk irf6l3 dd cbild@ len ont @ts nilk fomla HigFrisk

indiridurls irclud.: pcmatu@ infdts, 6p*iolly those wlln low-birlh w.ight iifsr
wilh DrolonE d didnhd4 inlels &d clildd rcoro.g from naltur,ton, individuols

sith rtr l.!$plim sydomca, ircludilg elie dtasa, +oc, .nd 5hort boed rtrdorc
dN io surgi.il morrl of . le8. Donion of lne iir6de lndividulb n civiq
inrEvmu iolsl p@to6l tunnion or olhe. Bticlcd diea @y .l$ r.qlirc
suppl.m.nrrlon wnh cotDs rnd orher t@ clMdB (Uey, Iots Md Tur ud, 1994,

Rdlt t6eh indic.i.! rhlr crstic 6bdir plridts my aLo b. !1 i@od rill ol
@pp€ i6ur5cid&.y (Pdivrl, 1999)

DISEASE AREATMENT AND PI|EI'ENTION

Copper defcisEy i. 6?sind$i einEls bllerl in inDsit€d sluos. tol@
Glael, er d. rq3) ad inc@ed 6rc nrios ofglycosylatcd nmoglobu (indicdire

ofchroiic hlT€rylyemia) (Ka!y, 1932). B*ue ihe t}?iol Ameri@ dior conlains

orly lbo nclf of lh. R@mnad.d Didlry Allow (2 n8/d!t) of @ptd (woll el

d. l q7?) r dea,cie.cy ol rhG nin€al tuy be @nmtr

OTTIER DISEAXSES

While il is cl6 tiri s.we @ppd d.iciocy r6utB in h.jrr abrcnn tiri6 dd
d&tr8e (clrdionyopaby) in $n€ sioal st*i€s, tn. DrrhotoB/ difieB tom



lth.olcl.roic c{diovaculo' dsaq p6vllod in n!@i (food ed Nulririon Boed

2001) Snd'es rd hundr hlve poducld iM6Glen 6!1t5, Dd lh€r i erpEt lion 13

hi cr.d hy the lek or ! rclilble Mkd of@pper nuldlion l 3brc. OIIIAG 0F body,

fi'6 copper b kDs to bo a poondln hd is frequmdy L*d io prod@ ondadon of
los deBiry ljpoporein (LDL) in the rst rub. R@stly, tlE .opps-conlEning pbrein

mloplanjn har hen fodd ro sliNlde LDL ondai@ in $e l6t lube (Fo& 2000),

lading $m iciarisa lo Dopose |nar inoEsd @pDd ldels @uld i.c@ dE rist of
rlh€bscl.olb by promodq lhe okidtion of LDL rlowd, $de n inlo cvidoce that

coppa or @nnodanin promtes LDL oxidaion in $e humd body. Additionrllx rho

cupDazyms. supmxid. di.m!ta* &d @loDlrssil! & lnoM 1o hlvc lniorddl
pmpaii.r la<lirg s@ qp6rs to pop@ rh.! @pp6 d.fci.ncy ..rL6 $& qe
@pp6r iturc66 lhe ris* of wdiov&ule disc Sevenl cpid@iologicd srudid nlw
fo@d iElled smm coDp.r levcb io be asoci.t.d wirh incsd rak of
c.ntiovao|4 dn@. \l,hiL 5ludi6 in vqy small Nmb6 ol addB f.d dD.dhdul
di.ts low in @pDs hrc dmbared !d6e .ho8$ in blood cl6l6t6ol la.ls,
includins bc'@d ro&l m<t LDl-clDl6r.ol l.vels &d dffi.d HDLdoldcd
lev.ls (K.v!y , 1993), other studiG IBvc no1 @nnmed $o!e rellls (Milno, 1996).

Coppd supplcngllri@ or2-3 tus/dor for 4 lo 6 wls did rct cdt in clinicdly

signin@t .lMg6 in chol6l@l lqels (Med.ios, 1991 lrd Joneq l9t).

R.gr leach ha abo f.ilcd io tnd sidde dEl iM6.d @ppa n de

'rc,t@ 
oxid.rir srBs. h a ruld{.m6 pl@bc@ftdd study, @pp6

3uppl@emo on of 3 sd 6 hydly tor 6 w@ks did nol r6uh in irsaed susptjbilily
of LDL lo ondadon induccd outsid. dE body (i, vrro) by coppd o. p@xydlile (a
@live nil@sd spdi6) Grlcr, 2oO0) Momvs, supplcmotalion wjlh 3 dd 6

n'g/d!y of @pDs dd6.d dE t. tro qidizhiliry of .!{ btood etts (Ro.tq 2m0),

indicaling fiat relalively $d i !h3 of@ppq do not incEsa th. scep bitiry ofLDL
or Ed blood ells to oxid.lion.

I|mo. rr.rdE fd.don

Copp.r is lobw io pl.y d inpondr ole in ihe d!rclopnat and nri .@@ of
imw !r!r.n fiDdio. but rlE d*t lEheis of iL &ri@ is mr 

's 
k|(D



N.utoFir (lbrcmrlly low nmb.R of s,hitc bl@d ells .tll€d lEdrcphils) k !
clinicd sirri of.opDB doficiocy in hln$ Adrffi dl6t! of imufhcimr @p!q o
imune lunction appea! mfit pronou€d in in&ria IIfaE *ith MolB dis6ts!, !
CoEIic di$rdd lhrr qdB i! se@ @ppd defi.iary, 3ulle fDn fr.qusn &d srlc
infdioE (Prciul, 1993 ud a.illa 1993) In . sludy ol I I rn tm!nd!.d inaad! with

ovjddce otcoppd ddici.ncy, Uo .bitirt of c.iilin whito blood €lls to .n$lf Dalnog@

in@ed 3iFi66dy airr oE mdh of @ppa rupptm dion (g!6!i, 1935). MoE
l@rdy, I I nE 6 ! lowo!'!s did (0.66 ru copF./d.y for 24 dlrs .,xt 0.33 og/dly
lor mdh6 40 d!),s) sbo*ld ! de@€d poliGanion @poe sben while biood elt3
cdkn noronucl€a .elb i.olded fron teir blood we Dresented wi$ m imu.
f][ll€nr! in ell c'tt@ ffsllex 1995). \rrhjle weE oppd dencicfty hs !dvd.
.II*ls or inI|:@ 6r&tio4 0E.lld. ofnrygin l copFr i.lu6cidcy in nulra e

The @pps{Adddt ozyre l}syl ond6e, is requnEd for $e nsturddon

Go*linting) of ollag€q a key el€Ml i. ihe o4tujc s|llrix of bona Olt@poosis hs
ba oh66Ed in infanB 6d rdlt6 wid! *v@ @DFr denci€Er, bul n is mi qtd
Nhelhq Ddeinal @pps d.fici.ncy contnb 6 to osl.opo.osB. R6ecb Esddi.s rh.
rol. or @pper nudtion l {arus in agerclared osteopobsis n finilcd. Stun @pDs

l.v.ls ol45 ddslr pdiac M(h hip nndc 9@ reroned io he sisdn@dy tow lho
h.lcrl€d conuol (Cor e, 1990) A lriElt 3rudy in pennaop&sd s.@, *tD
.onsunsd m rvcra€c ol I ns ol diclory copDer drily, rcponcd decicdod los of bono

mjffinl d@ity (BMD) ton de lub& spim rn6 @pDs supptddrarion of 3 ns/d.y
aor2t6(En6q 19 ). M!!ir!l @pF, in&k ofo.? n8/dny fo.6 !ct! sisrina{y
in@ed r n..!ur@l of boE esorptid (bptdoM) in h@lthy adult mrt6 (Bit.(
199) Hosie, @tDs suppl.nq odon ol 3 to 5 mg/dlt for 6 wdu hld no ef.ct on
hoclhicd Mltc orborc @rprion or bone fornoli@ in r srudy otn.dfiy adult M
ed s6a (B.Ir, et al, 1999) AtttEugh sd* @Dps defci.ncy ii *noM ro

ddvBely dlccr bonc hqlth, lhe ellecB of ousinol 6pp€r dencioncy dd appo.
suPplaem.don on b@e ndaboli$ !d rg+rdlr.d 6(opoosk r.quiE ruth{
c€rch b.aoF sdwim o b. dhM.



SUPPLEMENTS

CopDs supplcrds e .varlrbl€ 3 opric oxide, @pDo elu@iale, @ppd lulfale, dd
copp6 Mim &id d'darB (Hddl€r, 2001)

TIIE RECOMMENDED DIETARY ALLOWANCE (RDA)

A vdiery of ndicalo^ s@ usd !o dablnh lhe lemoded di.rdy allo*a@
(RDA) for copps. imluding plasa @ppd oncenEnio'! smh €nnoplanin &rility,
supmnd. disDurlse a.livity in Fn bl@d c.lls, sd pld.l.t coDp.r coneiEaior (Food

ud Nurridon Bwd 20ol). I1F RDA tor opFr cfl.ds de cuhs of depldioF

replelion sludis dd 
's 

b6en on $€ pevdlion oldeiciency.

T.btclt
RECOMMENDED DIETARY ALLoWANCE (nDA) FOR COPPER

(FOOD  ND NUTNTION BO RD2I| T)

I
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Resnmehdod Diekry Allowdce (RDA) tor Copp€r
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I,000

le';?;'e kr "g. l
TOXTCITY

Cor'ld bncny ir e itr lne saFd popularion. Ac!r. coppa poisojrs hc
o@ded uoush the onlminalion of baetages by $orase in copper co.llining
6 dB a well s frcn @nr.ftjnald v.ls suppliB (B@M, 1993). In lhe U S. ine

he.llh-tscd euidelie for . ndidm wlrcr copD.r 6'6lrdion of r.3 hsnils is



.nfoE€d by th. Envrcmotd Pbtslion ASocy (EPA) (Filzc€ral4 lr8). SynptoN

ofe$e c.DD6 toricity i4ludc Sdoninrl D.trr I@.4 todli.g dd dl!.dEa shid
nlb Fevdt .dditioMl irg*rid ed allolption of @ppo, MoE s.nos ligs of @L
c.pt r bnciry iftlude s.ro livs d&Egq kidn y failua, @d, ed dedh Of m!
c.|tem Aon . $triliotr l ilrndroiri is $. pGibility of lis dd!8! culting Oon

long-Em dp@e ro losr dos of @Dpa. Ia g@ar.lly haftny indivilurs, ddc. of
uD io 10,Co0 nce 00 nC) d'!ly hav€ noi r.sulted in livcr ddage For lhis reaotr lhe

U.S. Food dd NuEiIid Bord (FNB) |!6dy 3d dE rol.Fu. otps ld.l of blat! (UL)

for @DCq d r0 rE/dry non food d 3ltpl.|uE (Food !d Nulttd Bold 2001). It

should b€ nol.d rlrd individurls with gcndi. di$rdd !tr ctinC @pp.r rEl.boliln
(Wilers di5@, Indi& dildhood cinlDlis, dd idropa0ic @pp6loxi@sis) my b. at

tirk of d6c .llcds of ch6ic co9!.r rondy st signifi..mly bw innlc lwl5,

anbb lJ
TOLEAABLE UPPEi INIAI(E LEVIL IUL) FOR COPPER

IIPD AND NUTIIION IOIII,2IMT

[- - -i;i;;.br; upp- i;i;; L;r tuL) ro, cot;

fnr""cniz*Gl- J Gp;bb;d"!rid;t I

,J
'Sol@ ofn$&! shoutl be to6 fo.d &d fmul! only.

MAGNESIUM

M.g6im plrF inpon ,! 6L in dE slroctuE sd De rie 6 of dE hs@
hody. Tn€ lnul hulM body @niAiE ab@t 25 g'm of nlgBim. Ovd 60% ofdt tc
ntgBion ib $o body is loudl ir lhc rtclcro4 .bout 2?% is foud in mBdq whitr 6 to

7% ! fdrd in o|ltd cdlt ud ks lh,n t% is food @rside oreXr (Shilx l99z}

lchih; it to 1,000
n

lchrida rri yqi- l-" - -s,om -
Fdorc*'Er4's)ar f-
llo,,rrirl y* *i ords t



MoSnosiun is m impodel i'rkmellul0r cdion lhd h diltdblGd inlo {res ndor
cotuplltrrsttlr min€'d ph6. of boB (65%), ilir@lltls spM (34%), add qlt!
cdl'rle fuid lpqc{ 0ring 1934}

DIETARY SOURCES OF MAGNESIUM

A bg. .di@d 38ey idic{.d |h.r rtr d6!9. trlgci@ irnrte for @
(.bour 320 is/day) dd dlo .@eE iniik ror wM (!bod 230 ng/dry) 

'@signifiMlly b6low tts .ur@l r*omod.d diel,ry allo\l€re (F.DA} Ir nm ed
r@ oE 70 tEB of .& trlAci@ in|rl6 w.va bN (F6d !d Ndi.id
Bo!d, 200I). Std fildingr r!9961 rhlr nEsi..t nurnBim ddcidy ,sy !.
EldiEly 6frDn h {F U.S

Ulrdli.d gdB lnd nu! r&o hlt biC D.gEiu6 codar M.s ed hill
hlve irl@ldilt E s.6iun mldt, stlite rcfDed foodr gaely hlw rhe tos6r
fta€D*ium @nt.nr wat4 G ! vdiabls so!@ of i.to&q hcrdd war.r usu.lly hs s
hiehe @c.nt4lion of dEgn6im solrt (F@d &|d N rition Bolrd,2ooD,

FUNCTION

MltndiM is involv.rt in @e lho 3m 6sorirl @rlbotic r.5diont $@ of
*nich @ dislscd Uow (SpoEr, IrEr ! t Shirq Dr).

trE n.rlbolim ot 66olDdE 6 .,rt ad. lo prqt@ ffi81, r.quiG nut:EN
n sB,!6.d.9@d6r chdicd ra.rio*. Mag6iM is r.qujEd by $. d@sie
Itiphdphr't. (ATP) Elthsinng potqin in mibchondnr ATr, fie hol*ule lh.t
trevds 618)/ for dn6l dt netabotic pt!..s, qi!5 pnMiy s r comptd wiih



Stnt[6b of .!..ndd Dddla

MrgBiun is rtquirld d . nwb.r ol sleps duing tho synlhdis ot nucleic eids

(DNA ed RNA) dd !{otdB A lMbq of a4m6 p&iidp.dng in rh. sy h6is of

@bohjdrdG.!d lipi& iaqli@ rdgcia for Oen ldivity. Clutdhiore d inPotrdl

anioxid.r , ftquiB rugnsiln for G rynihais.

Sn!.tur.IFl6

Mlgcid pl!}! . slru<tu 1 ol. in bd6, 6ll @mb'!c, chlo@eE6 ed i@

rspon &c @ll nmb@s.

' M.gsiu L rlquiEd forrn @dv. rrNport of i6litc porBiuh dd dlih
' l.G ell nd'!!!B ll[ough ils olc h id Fd8lon tslsnr nagri*iun rll.ds th.

@nducrion ofrcrc ihpuls.n nBcle @t!.tioa ard lhe rcmd rnt{m oftu n6.r

Ccll sig@Iin8 Bqlic Mg  TP fd rh. phosphoryl.don of poftrE &d th.

aomalion of lt€ @ll sig.ding molecul., cyclic rdqosinc no.ophGpnrre (CAMP)

oAMP is involved in hay proc6s, includif,s lne seselion of pdarh}'oid homonc
(PTH) l@ $e pulll'yoi.l slddr

Cdldh &i n B.6ium lewls in F ouid sumundiDg cdls afie.! th. higrdion
of r fudb6 of dirffit ell trp6. Sud dt cti on cdl migrdion tuy bc idDond in

NTJTRIENT INTERACTIONS

Za..: gis[ d6 of zift in $ppL@t fod lpFe ro haf@ wilh rh..tsetion of
iagn.siuo A 2ift $ppl.@6 of t42 ng/day in ndlny aduh n.t6 si8rifi@rty

5t



d@ed m!&6iun !b$.,li@ ad srsnsim btl&ce (th. diltdc@ be$@
d8Biuh inr.tc !d na8n6iM 16) (Spqrc.r, I99't).

nbe Lagc ida6 in lhe n ale ol di.brt libd n vc bc@ toud ro de.@c

mrgresiun utliarion in dD€ri@tal $udi6, Howe!, the ex!.nr ro which diebry fib.r

alrlcrs rrasn6iuh nultitiorul stlrr! in individuds wilb r vai.d dier @lsido lhr

l.lo.:nory is @t .ld (Sh&, 1999 dld Food ed Ndritionaold, 200l)

Ptra.ir: Didlry prcl.in my lfet n!€n6iui ahsrDdon. On. study foud thd

dSBim lbsorption wa low6 wh.. prclci. int ke w ls Os 30 gmtday' dd
nighs pol.in int*6 (93 e6'tday s. 42 g6nddry) M. Bsoci.led vi$ inpov.d
m$Ein absrplid in .dol6c6r5.

Vtatd! D ud C.l.lu: The adir. fm of i|!ni. D (cdciniol) Day ia@.0!.
i sti t !&oalior of ma€!6iM to ! lrdl aIdt. Hosvo, nr€n6iui rbsorpdon

doos nol 3s lo bo crlcitriol-d.pDndml u i! th. obsoarion ol.dcilm.rxt phcpn.la

Hi8! crlciu i.u]| hB not h€ foud b .IIet D!s.4id b.hr.! in rot studid
ln d.qudL 6lood mrAn6iur ldcls e trcM 1o cdt in low blood c,Id@ ta.ls,
6i!l@ ro Ddllt toid ho|lt|@ (Pn4 6d cistoE to !o@ of rhe dT.c8 of
vilMin- D (Shib, r9, & rood !d Nulrilio. Bo.d2ooD.

DEFICIENCY

MlgEiw d.6ci4y in hahlry individlrk *ho a @Bunins ! hal&.d dicr

6 q!ii. !N bc5us @gn6iun is ab${td in borh pl&n od Mincl foods od bcu.
th. tidnq3 d! auc to limit unsry qcrcrion of nagnBirn $tar int ke ir tow. Tne

fouowinc mnditioN in!@. dE risi of mla&dm de6.id.y (Shilr. t997).

Grtiitrt6li@t dibrn.6: Prelo.g.d di8lt.r, Crohrt3 dkc!s., n talsDrioo
lytrdrerora lurgi.d 6ov.l or! ponion of rh. irl6linc ari int6rin t inttuarim de
to ndia,rjon @y oll l..d io naCGium d.ll.rior

Rcnd dLord.n (d.gtrdltrm wiins} Di!b.t6 mltilus sd lorS-rm w of ccrrain

diuE i* tuy cult h im@s.d unnry ld of magGr@ 
^ o-

r \.\ / 
^u- ,Lv52 ,,la S. c-r'' 
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CttuL .loholio: Pd did..y idstc, srltr.i alirEl pbbldts, lrd i@.d
undry lo$ ol msBium my dl @ttibut. 1o nagn6'!m d€lldion, ahi.n is

freuatlv .MuDrer.d in alcoholia.

ag.: sev.nl studiB hav€ aound lhol eldfly pcople h!rc rclalively low di.tlry inbk.! ol
Blgrcriulll. Bcca6. irLsliMl rDSD6iun lbsorption tdds to d4@c ad udray

tugedun ocdid rdds lo indc!!. in olda inihviduals, suboplimd di.llry
mlsEirnid.t my inc@ rh. riit of mlr6ih dcoldbon in rh..ldcly (Fo.<t rd

Altho!8h $v.rc na€naun d.ficidcy h wonmn, il hB h6 induc.d

.xrdir.a ally, wl@ rdrlr'diM dcll.iocy wa hduc.d in hu]'6, th. dli6t 3i8n

w6 de.G.d sm m.ssiu ld6ls OypoDrsrcsni.). ovd im. $tun cdciun

ld.l! .ls h.sd ro d.ct!4 Oyrocd@mi!) d6ph. ad.qu.io di.t!ry cdciM.

Ht!@d@i. pdisl€d depiie ir@ed padltroid home (Prn) s@ion U$dly,

i.or$.d PIH *rt@ qdcLry .sults in 0!. mbilirtid of c.lciun fdn 66c.nd
ed.liarbn of blood cilcilm leveL. A! dc mlgciun d.pldid pos6.d, PIH

@dion diniriCr.d to low l;*. AloB wi$ ntpobagnMj4 signs of 3aEE

nl8rEiun ddiciaey aclud.d hyp.ol6i." l@ sdw ponsjln l4l5
Otlokdmi rdsnid of sodiurs low circuhdng leveb of PTH, n.Wlogrcd &d
nuscdd lynpbtu (tloo!, nEcl. !p68, r.tdy), lN ofatpede ns.4 vohirin&

ud poenolity chme6 (Shils. 1999).

DISEASE TIOA!]UENT AND 
'REVENTION

M08ri6iun d.pletion k @@dy ecilI.d wilh bolh iBuliD d.paddr
(IDDM) 6d mtuiEulin d@ddml (NIDDM) dilbetc @llitu!. Ber$6 25% 6d 33%

ol dinbotiq h!!o bien aound lo hnvo d*t€ed smn lev€l ot nrsnBiud

Or?obrgi.sfti.) Oon€uq l9t6) Ooc c$Ja or rhe d€pldid hay b. iDcrcE d qii.ry
16r or nlgn6iud s ! GUll of fto indoacd urituy d@rion ol ducos. [Dt
@n!pd'6 poody @ron.d dioba6. M.sEiu dal.lior fia ba lhos 6
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indose iBulin resbtlrce in ! f.w 3tldies lnd my odv*ly dt4l blood gluco$

Abod G|nird of e odly lddinists.! lod of tuscim a !b$ru it lh.

i.|6riG: a\.rdio is pnn&ily via lhc lidftt!, blt .ls ytu lhe fe6. HoIrjtc $tr
nctp reulnr. msnEium l.tls includ. cdol@iq pddrroid nolm* dd iGllin

lNlir adiinistr.troq or imlin rcla5ld in cpoB. 10 e orrl Cl!* lotd, nd bd
shom ro dhn@ rh. uptll. ofmlansiud into cqlk vja m AT?6. pump. Mo€neiln!

c e inleE al pan of dle &tivatd M8ATP empl.x esuladns prolein [iffi, is di@dy

inrolved in th. @nlol of glucoe d.t bolism, p.!dd. nolmft @pto. si8lal

rmduction, ion .h@el lr&llocalion, stinulB{cdotion coupling Md slinulus

@nlhclionsuplins: Ddc@@l! in d. .vynllic &livilis ol seved oelabolic

pdlhwlys de s@n in Dialele Mcl|ills !r ! r6uh of rolalive menesiun defici.n y

(!auEl'li\ llx).

OTEER DTSEAESES

Hr?6r.Nion (bigh bro.d pBor)

krg. €rid.niol€iel sludiG sugg.sl ! el.rio6hip b€b@ naB!6iun ud
blmd p6ure Howv.r.lh€ ald lhlr food! hilh in marrsilm (fruiq v€gerabl*, whol6

SraiB) e nequmdy nish i. potlsium md didsy fibd ha mld€ il dimcuh b dalual.

indeDod.nl .lTals oa m.€msium on blood pr.$ur.. A study of no.€ lhu 30,0oo nole

halth prolsionals found d inv.G. Bociolion betM6 di.rdy 6br, pot6siun, dd
m.8nsium, ed l]le doelopmcoi of htlcndsioD ovq a fouF!€a psiod (Ascherio,

l9t2). In r simile study of nor. Uu 40,000 lmd. EBislercd nuN€n diehry lib.r !d
di.lary rEaKih w@ inva&ly aeciarld Nnn ryslolic dd didrolic 6lood pl6q.s
in Oo$ o did mr d*etop b}'.nNiq ord th. four*r study penod, bul n.itlE

di.rdy fibd rcr nugn6iun s6 Elal.d lo lh. rL* of d6.lopine trpslssiotr (Asch.io

, rtt, Th. arhsdclorcti' Rirt in commxnnid (ARrc) nudy qdincd $. diddy
inlake $d blood lmk ol mrsGiun in 77ll 6 Md r6nM .trd dE devdopml or
hr?qrtui@ ovF ! six-'@ psiod (P@\ 1999) Th. dst or dd.lophs hlrslasio.
in mn .nd mmq deE i.d a sdn d.8n6iun l.v.ls irtded bd ln. ft.d rva

d y sraGfi€lly signifi@lin rvlns, AlthourD iE inv6rigrro6 lomd no .$cidion



bclvq dida.y tusnEium dd tnc imid6o, ol hrpenmior! they suggBrcd $!r low
soo dlaEium l.wlr @y phy a md6r olc i. rhc dqdoDnat of hypcrLBaon.

Th. r6ulb lrofr intrrotion studr6 $ins mlsrsium supplemall ro rrsr
hypenasion hare bM conlicting (Food &d Nutrition Bo.rd 200t) In uncontroled

lrials, hypenensivc palien$ on thiEido di!relid dp€rienc€d decr@6 in blood p6$rc
wtd 8'v.n m!8n6im supplddrs. ln sdsd, Dh€bosnlrclled liials halc not bM
supponii. ol a blood pBuelowing .ffd aor nascim suppt.@r,rio. (Shits,

I9tt) Mod6r hul nsnirr@t blood pBuctorqins.fte4s hlw b.d rcpon d in two
pl&hoodoll.d nudi6 using 435 nydly ol suppl.Mat nag.6iun in individuds

wirh nild ro nDd@& l9!€.lffiion ror l6t 2 mnrl6 (wir€m,41994 ad rswe,
1993), bur ! tumb.r ol orn6 srudi6 fail.d b nnd d, blood pBuetoN.dne .ftels
Mlh mrgGium suppl.menration On. dolbtc btind pt@boontrcll.d srudy found

mogrcliunsupplemenlalion ro bebsrcficiil in lowering rhe ttold pBsurc otindividuds

wilh lorv mngn6ium st tus, su$esrin! th oril mi8ndium s'pptcm.ntorion mnt bc

hclpaul in hyp.dcGiv€ individuats who e deptcled of masmsiun duo ro cnorjc
diurctic e, iNdeqde did!'y in|!lc, or bod (Shilr, 1996).

rneLnFr.{.1{npsir (to6dr of prqMmy)

P@dmp3i&clmpsia is a disec. $!r is lniqw io pr€Crecy, dd mry oMr
arlimc .0s 20 weeis of prendcy dd up io 6 w€ts and binh. Appo^ihal.ly ?% of
DElnMT wono jn |heU.s. ddelop plglrmpsin-etdpsie pr@lmpin b d!fined s
lhe pl€ge of .I.!aled btood p4ure, poLin in rlE lrine ad sfl.E swlling (.dh,)
du.inB Dr.gnofty. Eclmpsia oeuE wirh rh. .ddnid oa seizue to ih. .bow lrild or
rymproB. Appoxidldy 5% of so|M *irh tedmpsi! go on ro d.rdop etMp.i4
*tid i. n iignifi@t ow of Daldrt dati (CDnbl.Iolnre, 1993) For tuv ,ts,
high doc intbrdous m.gnesiuh sultdc hs b6 rfie rr@rmar oachoi@ aor pr.E.ring
echplic sd^6 lhar my oc@r in s$ciotion rvirh precluFia.elhpsio t.re in
pE8rdcy or duriDg labor M.gEsiuh is bcli.v.d lo fttierc elebDl blood vsd s!6d
inc@in8 blood llow lo dF bnin (Shib 1999),
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Crrdtoad.r Dil.g

MyMrdi.l ilarFrio (tqn .rl!.$: nBulls of t nEra-ddrst ofn donizod

d4bo-@treI€d Eirh irdic.t d 0ur e iil'.vclos G\D f,D8Eih irhsior gira
eldy lna s6!..t d nt!.idid ilfadioi (Ml) .otnd de.os. d€ rist of d€.rh Thc

mo61 innudtjal srudy includ€d h rh.odMdlsi wa a ddohiz.d pl@hc@nr'oll.d

rri.l in 2316 Doliqts thd loud . sienifidr cdlcion in nondiry (7 3% 6 10.3% i. &e

pl@bo cFup) in thG porid s wno w. siH inttlwnors nErnsiun suuoro within

24 nou6 of sNpsld myo@dirl infar.lion (lvoods, | 992), Follow up fron one io nve

t4 ans E dMt Ewal.d dat $. noRdity fon c&diovaculd disc sa 2l%

lowd ir the nagnesiM i.died 8oup (Wootls, I t94)

A tu6 r@t s@.y o{ rh. r.lllEr oa noc rhd l?3,000 p8Iidls with e&
Ml in tE U.S. foud lhd orly 5% wc Biv6 IV tugFsid in tlD 6at 24 hos an.r

0E MI, ltd thar norriliry aa hiSlEr in rholc p ioris rrc.Ld wirh Iv fhaMilm

O.laems

Alhoueh dara3cd bonc hindd d6jty (BMD) is de prirEy f..tde ol
dspomns, othd osiapo@tic ddg6 in $. @ll.g@us ndrn and mineal

conpondi ofbone @y rcsult in bon6 thar d. bntlle od noe s$eplible lo fr&$n
Mq8Dsim omDnse ablut 1% of bon. niNral ed is kmm lo idrud@ bolh boe
mdiix ud bonc mineral nctdbolish. As lho narn6iln co.rdt or bon. ni@rdl

da6B, bon€ crtrbls b@ne lager ed moe brilue Some std'6 bavd foud lose!

nrgresiln@ e ed lareer bon. crylt.ls in bon6 ofosleopooric wolM 6mp&€d to

nonnscopoolic@olrors(s6jr4 1995),

L{d€qu.t sdm mraGim l.vek @ t&M lo cult itr low s4n..lciM
lcrcls, €ill.@ 1o p.rillrrcit honuE, drd Bis|e@ lo emc ol IE elt€is ofu .min

D, tll of vhcn @ |6d ro ircra6ld to* la. A lEat sl'dy of or* 900 d.Lrly bo
.rd w@ fo@d hi8hs dict ry srn6irm idrt. b be @i.r.d sirh idqscd boE
miFnl d4ny ar itE hip in tolh tM rd s'rn Ho9!F, b@e Jry e pr@rt i.



My of rhc $ft 100d3 rh. .r*r ot did.ry m.SrBim colld mr b. s.pd'r.d ftod !|c
.It-t of did.ry potBium Crnct6. 1999) F.w studi6 hls !dd63cd de €fccr of
hasn6'um slpplomohlion on bon. mindrl d6ity or ost&poolii in hlnr@. rn !
lnrll Croup of p6tn6opdsrl mnm si{r od@pordis, masnBiun 5lpplaftq'1aion ot
750 ng/dat for de fi61 6 oontts lollowd by 250 ng/day '@ u for 13 mE monlhs

Gulied in inde!.d BMD !t tn. win a1l.r orc 
'6, 

silh ,o flnia ir|*. atra rwo

yG of supDl@dlrion (Sradig, I93). A,olh.r study fou'n dd sulDlmt ti@ sifi
500 ngdry of tugmdm ad 600 ng/dry of.dciM in Fostnaopurl e@ $,lD

werc also tlking 4|lo8on EDloo.rent lhorrpy Md a tulriviroin .4ullod in includl
borc dwity al thc heel @opd€d io ,ollnlmpd3al wond E@iving only .sio8d
rcplamd lhcnpy (Abnlall! 1990).

rndiriduals wbo sulTd fton Eoun.nt niBraine hqdlchq hrw bed foed b
h.ve low inttudluld narn*i@ l.Els (ddoGrated in borl r.d blood cells dd
trtite blo.<l c.lL) thd irdividlals *tio do nol qpsi6@ higrjn6. Onl m€cid
ippl@.,Ltion ha b€ rhoM io ifuJ6. irlr&lluls @sn6iu lals in i tivid!.ts
wi& nighi.., L.di4 b rhe httothBit rhd nlg*siu sppl.mnbri@ night b.
helpfd in d@6iog lhe arequocy ed severily ofnis€ine hadlcbcs. Ts plsebo-

co.trolled tials hovo dmonsrrared modosl dec66 in rhe lrcquency ot nirdin6
heden6 ata suDtLmahri@ wilh 600 mdday of mcnBiu @hpdld 10 pl@bo
(Peit rt, 1996 lxl Mi""lop, 1993). Hos.vd, @rlEr pl@t onlrollcd srudy fosd m
66elir 6np.rd 1o phabo ofir35 ng/d.y oa nE8n6ilm jn rcdEing dE itcqu6cy ol
hisEin had!.l!6 (Pf.[6nIl\ 1996). Al06ueh no siou !dva. oflds *w not d

durirs rne mipl.ir. badene fi.ts, lh. invedssloE did nor. idve ellcls such s
didrn@ ed galiic Glol@h) init'tion in abod m4o% of rhc jndividu.b lotina lh6

ST'PPLEMENIS

MlgBiln supplmstu @ nvdttdtl. s maAftsium orid., noAndilm

Sin onare, dagn*ium chlorid., ed nrgn.siun cirde salts, s well 6 a numbq ot
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roxlctrY

Advs.Ifer] hN. nor ba i.tcdtili.i f.om N€r6iun occlrin8 Dru..lly in

tood Eo*!E, dv6.r.d! tun qcd n 96i6lN. h€! oberud silh i.l!t6
of wiou. rlgreiuh !.1r. CwdG|Mr.l n gGi6). Th. initi.l 3ynpron of d6
nugrBiun 3uprlddlrion is dnniE+r w.ll-\noM 3id. dfct of nultEiun lbd a5

u!.d oF.pcniqlly a . Ir|lrvc ltxlirid!.! wnn inp.irld lqlDy nlxrior |r. .1 hiSli.r

rilt fd !dv@.lt.a ftu6 m8n i6 i4plortrrid\ !d ryElroc ofrrS'|6u
ro{.ir, b.w @.!d in !.o'1. *nh inp.iFd *idrly fuE1i6 6ring @da||! do6 ol
n4rBiu||1:srlining ladjB or sllirl. El rd.d lau ladr of m8|Eiu
Oyrm.sMi.) nBy 6ux ii . rrll i' tlood pclB 0r?orcBion). Sor of lh. hld
.f-t' of n gGion bnciry, sh a b$r6/, otuiior\ db|ltdB in Dml ddie
tiyrrtr4 !d daciodior of trdi.t fulEio4 .n ch.d b $1@ hypotaBiotr A!
hyDqrDlt|6oi! prosts!., rucl. sql.Fs dn dimory bsthiig hty otu
S.l@ htlmryBdir nry Gdi in ct di.. .rul (SIdl'' 1999 & Food nd Ndrilio
Bodd 2OOl) tl* Food rd NrEiton Bdd (FilE) ofdE |ff|nllt. ofM.dicn !.r th.
id.dbL wDa l4l (UL) aor'$pplctrs.t h!8Gi6 inid€ in Eln.olly hault
ldol66rs &id odula 350 oCdly. This Ul ctcans lh6 hbh6r I.El or d.ily
rDpldnd rDgnc M iittr! fit.ly ro poa m rilL of diatlF! or latoint6liDl
db lag i. dmr .ll itnividud!. tlr FNB ctrnioB rhrt i.dividub wilh md
inDdmdr e I highd rjlr of ldEF .IIda fon da surpl.nd.l dg*riM
inrllc. Ho9wq, 0E FNB rLo not6 rhlt OGG a. loft 6nditoE, *tid! nry w|'ml
hi$d d6 ofrlgEi@ undF nFdiol sD.dir6 (Food id Nurririd Boln 200r ).
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T|lh !9
noI,llAEI,E TJIPEf, INT XS T.8VEL (UL) FO]R fl,PPLEIIEI{TAI,

MACNESITJIi {FOOD AND NUTR|TION EOAND 2!OT)

Tol.frU. UpDa InEl. lavcl (UL) for Supple@t l MaSGiuF

lchld*" l* 
'"*

rgi Oo"r ril (ms/day)'ild;Grt;;rh; I rii p"iiiG r. iir"riiir'"
]irh,rd*r3y* I - '6i-

- 1-"- -lo

l^dol(*aE l+r3 
'6 

| 35o

l^dda l9ys d'd olia I J50
i3ow ofinllle,b;ir i: i;m 6d s'd fomra d y.

IRON

lq'iri-ti3F.-- I'

l@n ha t !e lorg6l &d hat d..crib.d hi.0ory do.C alt lhe 6ido@lia1' Il i5 a

kcy clc|Et i. tne h.rabotin of dmn dl lving o€eim In hu@, iren is &
69!id @Dponat of hlrdEds of p6l.iB ed asyh6 (Bard l99tod Flirbr*r
1999)

DIETARY SOT'RCES OF IRON

Th. do61ol iron in food (or !!ppl@o1s) rhd is absolbed rd u!.d by th.
body is iifluhcld by tlD iren nuiri6.l ndu. of rll individudl &d vnahd or not lh.
ire. i. in tlr. fod of lFbe B.cs$ it b ab6orb.d !y ! difdBt mahei3b lhrr
trdrh.@ itu\ I|c@ ion is m6 rc.dily.h.o.b.d s|d ia lbsptiod i tcst dLd.d ty
otlr didy ft.rG I Mdqt *t! e .ffiic or iFn dcnciat !b&rb ! tasF
Flq$g. of {E ion tliry cere (..E..i.t!, roih@ iM) |no indivitu.k stb e
rcl edr txt hAr. sdncian itun rioc (yip, 196 ed LyncL 1997).

H.hG l' on: Hd6 non 6m€ nainly from h.moslobin dd rwgtobin In hd, poult y,

&d firh Atholgh hoe ion e@utr for dly tols% of rhe ir@ aound in rh! did. n
hly pbvub !pro om rhird ofrorol a!&rb.d di.bry ie The lbelption oftFmq ion is
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ls inflFed by oha did{y f&toa [B rh.r ot milur|. i|on (&0d, 197 ]d

|{db.o lM. Pl!'s' ddry prcduca, !rc.l &d non slla ddcd io rood! d
supddlds @ dl $uG of6'nm. iEr Th. ilupdon ofmdrm iM L donely

in0osrc.d by ahlE6 dd inhibibB pr*r in lh. sm rEl (YiA 1996 ed LF.t
l9'?).

E r.|E[ ofidn@ h! rb$Dfio.

\|ildr C (.*ortic rdd)r viLEin C slro.Cy @l'.trca 0E d6o'Driod oarlo' Foc io
hy cduing di.r'y fdic iDn (FC) [o fqru iFn cr) in fminB D .be't.bl.
ion.Gorbic &id conda

06.r ori.nic t.il.: Cilic, dlic, lnitric, ad Ldjc -'& h.E M. o$ei.g dTeB

on noihm im &orpdon

M..t' a]t\ lId roltrrr Alidc tDm rolidins hirl y d6odalb n D iD[ nat lL\
!d Flllry d$ on @ m.'lt@ iion .bbDti@ Thc mteis tor dL ah!lt.@t
ofDnb.@ ircn lblol!{iod ir lor .ld (LtrEl! 1997 & Food rd Nut itio. Bosd 2001).

b!|llaod oa!@!a im .torDdod

rttd. r.ld {rb,r.a.)r tbdi. &id i! p'sn in bgumc* gnic, 6d .ic. ed it e
anhibiro. of 6nlm. i@ .b$.Dri6. Sn ll hd!r! of phlic aill (5 io l0 6s) q
Edu@ mrh.E ibn rtorDrion by 50% ft lb.rplio of iM oon l.su4n sldl s
soyt@t4 blal b..ni lrtih Eug bclrs, .nd 3dn p.dr, hs ba rlbm lo b. s tow at
2% (F.i!bi'k. 1999 & Food dd Nu[idon Boddroo I I

PoltDbaol* Polrthaob fold in sh. frutu, w8dlblcs, df.., c., win... !d
rpi6, 6 turrcdly inhibn rlt lbqorptio! ol Mha* ircn. rhir cfier i! Educ.d by lL
p'coE olvnonii C (F.i6drs, ry, & Food dd Nor.iri6 Boird 2o0t}
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sot nrctd.: Soy prctein, such s thot fo!!d in roft, ha m inhibibo.t ellet on ircn

absorltion dat is inddp*ddt ofils phltic eid @ cln (Food od Nulrilion Bootd 2O0l).

FUNCTION

Olyg.n t@pon ad 3to.ra.

Hcm is a ion.dr.jning @nDo@d towd in a mnbd of bioloBielly

inpondl @l6ul6. H@Clobir aad nyo8lobin @ h.n.{rraining Drcl.iN rhd @
i.volv.d jn the t"rspon dd sloEg. ofoxyg.n. H.moglobin is $e pn'ury prcldn loutd

in r.d blood cels ed r.plgdrs alod 1s! lhir& of dD bodys iron Th€ vital rolo ot

hdoSlobo in tasportirg oxy8d fron th. lu8s io $e lesr oftne hody is deriv.d fron

ils @ique abiliry lo a.quire orfg.o Dpidly duing 0E ,hon dme n spends in @nbct wilh

lh. lun8s ard to Flee dygen a @d.d duinr ils circularior thrueh lh. ftsus
Myoslobin fucdos in lhe lrapqr Md lhofi.m slora€e of ovs€n in du$I. c.lli
h.lping to dch rhe septy of ortg.n !o rh6 dc@d oa MAina nu$16 (YiA | 996 .nd

EL.lro. annrto.t' dd adg d.tibolin

Ctlochro@ @ hme@ lining @npowds lha1 @ @lrcal 1o c.lluld .Mgy
prcduclion md rh@ro&, life, thoulh rh.t 1016 in mnocrD.dnrl eldron sspon
Th.y sw6 a eLctron @iec duin! rh. 3trih6is ol ATP, 0E p;naty *rey{orog.
compound in @lh cylochrcde !450 is a ldily of enzrmes iral lunotioro in rh.

m€taholism of ! nmber ol inpon&r biologicd noleqn6, a Nell 6 the ddonncalion

ed m.tabolGn or dtugs &d DollllMc Nonh.m non-conllinins wF.i such N
NADU dchldroC@ md slccirar. d.lydrcgel@ d. also dilic,l lo d.rs/

Alnoidrt{d ba.fici.l tr@id.nt flmti@

Calllae &d percnds @ n.tu@ntdning ezy'B 6!r pot ct ellr !8e.sr
th. adnulorion of hydrog.n p@ndc, . polmtially dMlsins r€rtive or:!?o spei.s
(ROS), by olalyzins a rcrcriod lhll 6nv.ns lrydrosft pd.oxids to to Nars dd orygen.
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A prn of$. im@ Gponsq ion ehil6 blood cdl! c.sulfbld.rit !d dpo!. {|cd

to ROS i! od6 ro lil 0@ tlE sy n!.is of m sucl ROS, hrlochloN sid, by

nabDhils is cddrzd by rh. htuff$ining c..?@ mt€loDedidac (Yip, | 996 rn

Inld€quaL dy€d (hr!oxir), iuch a thd dpditued by tho!6 sho liw !t high

rlritudG or rio5. sith clwnic lug dis.8c, nduc onDaa€bry ph,:iologic r6DoG.s,

in.ludine inM.d rcd blood cdl lomdioA ides.d blo.<l r@l gor1h

(Egio8s.sis) rd imEsed !&d!ctj@ of auym ulili*d in @r.,bi. nEldolisn.

U.dd htToe. @dinoE resiplion f&1o6, k@w 6 lD"ona inucibL fldod

GnD, hi,n b GpoBe elsEna in g.na d o@de !d@s prolcins inrclvcd in

comp@!.iory r.lDoM lo hFoxi! Md incl.@ fi.n syrlh6sis. R@nl B@.h
indi.lt s lhd d iondtsdqn p6!y! hydoxylae eDyn€ plays ..ritic.l ro1. in

r.8lldina HIF ard coNequ60y, physiologj. r6po6s 10 htTond Wh.n @lluld

orya.n l4ion G ld€qurLt n*ly synlh6iTa{ HIF subuits e modincd by ! tDlyl
hldrexyle .!zym ir d iMi.ps'dat Dto6 $.1 |rgeIr }tr for reirl d4r.rladoi

wl6 @lhna oxygcn |lsior droF bdd r oitjcd $cl'old, peltl hydoxylac o @

lonaq r.rg.l HIF for dqnddioA .llooirg HIF 10 bind to IOF arrd fom m &IiE
tt.Mriplion fetor lhal is aUe to 6ts t!. nucLu! ud bind lo sFcific 6pod .166rs
on g.n6 (rvo$ 2001 &d Joltkola 2mr ) .

NbdGlot& r.d*r&s b D ioni.lodar .nzre rhd ir 
'!qor!d 

fo. DN,\

srrlh6l! Ctrbdti lr9 dld Bard, t sD7). Th6, ion is requned fq . nhbcr of vi|!l
tuncaoN, jrcludi.ggoNt\ Epoduclioa haling, ard imef@uo..

Rcgd.tion of iobacl|!|!r iren

Iron rspotue dndts re lnon s!q!o6 ol nuclolids food in fi6 h.$dr8Er

RNA (nRNA) lhol @d6 fo. k€y pol.iB in !D re3dalion of ion no[8. ari
n lllolisn. Iron rcgtnabry pDr.iB oRP) @ bid ro iron cpoc. dds s &d .tf..r

c.,



nRNA tmlalio4 thacby rcgul.liiS lh. .ynll)*is of lp€ific pol.jnt Il h$ bcd

potos.d lhll std ilE iDn iupply i5 hig\ moF ion binds to IRPS &d Pr.vg'ls lbcn

froo binding lo non cDons .l.mnls on mRNA wnd d! ion $pply is low ld td
bids 1o lRPs, rllosing ift6.d bindine of ion repd$ .l@nG. Thut, elEn l$ ton

is lvailabl., 1r&5ldi6 ol dtRNA ln!| @dd aor lh. non 3bmgc poci4 Gdilin, is

rldoc.d bcs$ iFn is nor lvaillbt! for stot Sp, TEshrion of nRNA rhd @d6 fot th.

t r rcsddlrr.nzyft oflFn.3y h6i! in immduE r.d blood elL is.ls Ed!c..l!t
6tud. iM. In dlr6! IRP bildin8 lo ion clde dmnlt in iRNA lh.r cod6 for

Lsfcti. @plors inhibil! hRNA d.grdttioq ltsuldng in ilFB.d sytrdFb of

t@f6in r4carou !,n i@.d iroi r@Don lo clls (Bod, l9r9).

NI]TNIENT INTERACTIONS

via.nh A: vitthin A d.liciacy tuy .i@b!r. iM d.ficiacy eoir villm'n A

slppl@n .rion h6 t€! shoM ro h.v. bdficid dTdr on iM d.6cicE, .@i! .Dd

inporc ion s|,il6 dons dild6 rrd pEtrsl s.e It @nbindbn ot villnin A

{d iM sa ro @liord. !rmi! mc .ff61iwl, lhd .ilha ion d vi|rl in A .lon.
(Lym\ lD? !n Suh6o, t9t3),

Cott i Adcqloc corF nuddool sldus lpDs to bc n6.$ry for ndrMl iM
ndlbolis .!d Gd bl6d cdl fonn riod Ar@it i r clitri.d d9 oa opFr d.lichnct.

AriE l r$<liru dffi|rd. t rc|. fd copF in iM .!$tdon OdDc 1999) trd ircn

ns b6 foud io 
'@mular6 

in dE lircB of @ppc dcnool sitrdr irdidring tur
c@pa h r.quicd for ilor rrdston ro |l! borc runos for r.d bl6d cdl fonndjo

zinc High dos of n6 supd66rs t!t6 rogan r wih tnc rupddd! d 6 6pry
nom!.l @ irnibir rhc a!$Drio oatnc, vh6 l 6 wirh f@d, sDpLmtd td dG
6r !p!.$ ro inhibir tm lbsorpriotr lor-fonili.d f@d! h!rc m .fie1 on tnc
.blorplion (Ltrd, I 9'7 & F@d dd Nufrdon B@rd200l ).

Cll.i!h: rtl'h.n coNudd loS.lhar in a 3iDBl. h.rl, cd.iun h6 ha foud ro de@
the absorltio. of ion How6. litll..flct ha b6 obs.Fld on.eM &Flin lcwls



(ilon no€) rnh dcium supDlmt 14.15 nginSOon 1,000 to 1,500 hg/day (Lync\

lttT & lsd ud Nudtioo Sod4 2001)

DENCIENCY

Iron d€nciocy t lhe msl @nmn Ntried deficioq in lrte U.S. &'d {F rcdd,

Thd l.vels ofirc. d.licien y @ gddally idolit€d &d & lisi.d bdoN non lat to

Stor.i.lmr d.pl.fro.r lron 3io6 !r. d!pl!d.4 boltl!. tu!firolsl tron s{9ly b mt

E dy nDcdotr"l im. d.n loql lta lultly of fu|clio{l i.o i! los ao!8h lo impdr

rd blood 6ll rom.li@. but mr loy @ren b a* l@urdblc !6ir

hr dcliclocy rn.nh: TbR is inad.q! . non lo suppon rcm,l Fd blood cell

foolriot! cdIinS i. .l@a Th. !l6ia of non d.licifty is .h6!d.riz.d a
nicrcct{i. &d hypodomic, n@ing .Gd blood c.lls @ nBlrubv sbtlld tha
nodrl md d.n ndoglobin dLnt b d.o!s.d. 41 $n nt$ of i@n d.ftci@y,

sFprotu my b. a r.3ult ol iMdequat! oxygd delivdy du6 lo eeni! &{Vor s!b-

optimal fudion or iron-detdddr qrzt66. lt is imponst ro rddbo lhlr no
d.6cidcy is nor rlE only @* of .|Ei4 nn lh.r the diallesb or rdrtna{ of iM
d.ncinr sldy on fi. bais of .ffiir n3y lad lo ni5di!€noas or idppepti{.
l.cdmnt oa [E ond..lying e6e (Le., I t9t).

hdiridurb .t i!.ucn rbk ol imr d.6docy

Inf.n.r ud dfldm baEr lbc.!. oa6 lMrr! .d a tqri A nnh@ inflds
iron stoc @ usu.t,y $ Ioienl 10 ld lor 6 montls. tris! non rquircnml! e drc io

lh! rlpid go$lh rar6 lu5r.ined daing lhi! !.riod (Brody, 19'').

1|dor66!! Ert !td<@ 
'5 

@dFr Fiod orrarid Eowlh h f.rn l.r, lh! blood

Io$ rh.r (@6 wnn masrrudion add! !o 0E insded iFn 'qlirc'6r of !dor6€@
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Pcloml wror IMd.d ron llilt lion by fte dcElopinc f.tu! lrit ph.qil4 tt w.u

6 blo.d volum ap6io. sic,lif@tlx inclls fie iM requiltful during prer&cy

(B!ody,l999),

trdhldulr fi .hrcrlc blood los: ChMic bl..dins or @1. blood lo$ mry r6ull it
ircr d.tici.ncy. One nilulnd ot blood fi . h@oslobin concshrion ol 150

smrE/li|.r dtljns 0.5 ns of non. Tnus, clvonic Ios of vdy smrll lmutu of blood

mly 6ult in ion dcliciacr. A @!|l|M oe of clmnic blo.d 16 drd non d.fici.tuy

in d*lopiag 6str'6 ir inid:riilt puGnic inf.clio^ Inovrdual5 vno dord. bled
nlquddr €p-idly nGnudina wrE! n.t i..d b ill@ 6.ir iDn inn| ro

p@at d.t.i.nct h@ e!.! 500 nl of bl@d don r.d onLitu bdl|6 200 ed 250

n8 of iron (F.i6a.l5 I 999).

Idhldldr sltb ndicobrccr pyrod h|-clton: H, plon inleclion L l.3&ided wiln

ircn d.llciocy @mi4 6pdially in chldql .vd ir lhd tbs@@ of $srd Glinal

bl-djnB (Sh.d$a 20ol).

V.g.r.rL8: B.oe io. non pldl etlc b ls elEciady r!$6ed $o lhd tom

ein.l $uc, rh€ us- Food dd Ndriion Bodd Gr\rD na .dinn.d 61 $e

biodvoihbility ofion fron d v.CBlaris dia b ooly 10%, $,1i!. il is l3% a6D ! mnen

diot Ther6for., the rfton1jMded diehry ollowre GrDA) for iron toh ! @mplelely

leselaiM di4 slbuld be odjuted N follows: 14 m8/day for !d!lt mo md

p6r@op.Bd wono\ 33 ng/dlt for p@mpds.l rcno ed 26 ng/&y lor

adol@rn !,rb (F@d &d Nutririo Borrd 2001).

IndMdurt rto a!!g. ir n!!L.! l.t.u q.re*: Ddly no Id6 h.rc bd fdrd
ro b. 8or.r in o&br6 invohed i! i c. @du@e lllinin& Tht my b. du. ro

incl@cd nicbspic bl*ding aron rh! lBtoinrdrin.I tool or incrq.d I'dlilily md

hdolysb oa !.d blood cells, The lNB 61imrl6 thrt $e Nerag. r.quiffil for ton

my b. 30% hi!h6 for lhose who a8.B! in Esdd inl.nse *@ise (Food erd Nlfilid
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DISIASE TRAETMENT AND PREVEN1ION

'Ihe lollowins h..lrh prcbtes dd dt 6s my be prevsled dsullr the teamal ot

p@ariotr of ion dclicidcy.

Pi.8@9 onplc.dou

Epideniolqical s|!di6 povide .rroDs .vidmce of u Gs@iatioo bdw@ selere

'lmi. in pElndl sonm ud adv.Ge Dr.snscy oul@B, slch a Iow binn sei8h,

prerlal@ binh, od nar@Dl @nahy. IDn denciocy @ be ! n4or @ntrjbulort

faco. 1o $v!E o.mir, bll didaE lhlt ird d.lici.my !@ia it . c!&l fador in pM
pr!8r@y oul@n6 i! ril hctirS (RanN4 2ml ad Yip, 2000) Ndqlhel6t
@$ 4pd$ @aid€ the @lrol of rl,lcmrl ftmh to be d ioponan parr of poatal

heJtfi .re ElevnGn nemoslobin, Bpeciolly in ldlr prqrurcy, is nle asoci ed wilh

pmr DrccMcy our@m6, bul lhero is no .videnco $ar &i asocialion i5 cl ed b nigh

ircn in!3les or ion supplemstuio, Rrlhs, .levor.d hdoCjobi. in prcgrMcy is 60@

liLely to b. qphined by undalyrng @ndilio$ lir, pre3@cy induc.d n}!.r|Gion or

prslmpsi., $ttci @ aEll lmM lo @ribul. to p@r pttgrdcy o!l@o6(Yip,
2mo)

Idtdrd Inn!@ frnclior

Ion is requild by m$ infsdols aldts,6 seU a by U. inf@lcd host in ordd

lo mut M .lT*livo inmu. 6poBq Suficimt ioo is cni.ol lo $verdl inmue
nnuioD3! iEludi!8 rh. difid@iraid .rd polifcnrlon oI T lynlhocr16 &d thc

coEdior ofrelii. oxlra spei6 (ROS) by toniepqddt c.zyD6, which d. !..d
for killing p.rhoa6s. Durins u lcur€ inllumalory cD!reG, si non brcls d@
whil. I.vq!! of hitin ($e ion slorag. protdn) incEs.! sle€esing th.l !.questerin€

iDn fod po$ogos is & imporlel nost cponse lo inf{tion {Bdrd, 2001) D6pie 6e
cirical fisd oB of ibn in lbe ilmw 6poE r |ne natue of tn r.hlioBhip b€tw6
non d.tdaq ard seQtibility ro inferio4 6paially Nilh r6p@l b halai!, Edins
onaov6id. Hieh-do* iM $ppldotdon ofcnndB rdidilg in th. aodq h6 ba
edad Nilh iffi€:sd rist of clinicd nd&d ed 0lh6 irf@lioB. sucl a onmdia
Sludis in c.ll culrlr. a.d oinuls sugg6t th.r the suBiral oainfdlious !g6t3 lhar sp€nd



Drll of$dr lit crclo pithi. hod eU5, !u.h a plamodi. (nrldn0) &d ry@b&14ir

(tub€rculdk) nuy b. oh,'c.d by iro. thcrapy. Cottolled clinisl ltudi6 @ needed !o

d€ternire it. rtpoprisl6 se of ion supplcnrartdid in rcgioDs where iahrtu is

@n@.. s slll a! in th. Dr6ae of infdios db@es, such a HlV, t!ha@lo$, and

tlhoid (oppstEitu, 20oD.

SUTPLEMENTS

Iron slpl.mg s @ indicrted lor lh. Dr.vsnio ad lr .lMt of ion deici@cy.

Individuds who s nol d ftk oI i6n d.fici.n y (es., aduh M &rd polrnaop&sd

v!)fu) stioutd rct |!tc iM n4doMlr sithour e eFotnd. n dicd 4durld for

ibn d.6ciday.   t@bq of im ruDpl@ai! t miLblc,td dilrqql foB p@ .
difdst DoDoniN ol clc|Erat i@ Fcro!! $lfaL o!.pi.htddo) i! 22% clqFl.l
iou Io6ls ,!ad. (mehrdd.) ir 33* dd&r3l im: adreu Cu6nd. ir 12%

dflE at i@; f.rc$ ftna.Ie is 33% .l.ndt l ton (St l,uis, 1000).

TI'E RDCOMMENDEI' DIEIARY ALTOWANCI (nI' )

Th. RD  for iDn s Ers€d in 20ol dd i! bted 6 dt p!!€non of iM d.6ci@ct

dd mint.il!@ of.d.{ur. iM sro6 in individuls @ri.g . nixcd dic (F@d rd



TrU.l.l0
nraoM lriDrDDtll^av^urw c!(RD 

'tor 
noN

flooD AtlD xurnlnoll ro^'lD 2Ar)

I R@ruE d.d Di!.try All.{'@ (RDA) aor lM I

lur.sr.se lae. I Md6(h8/d.v) lFotEl..(nEidtv) I
lhr.d. lo4 os0! : 0.27 (^t) | 0 27 (aI) ll

Itin,[. ?.12nu lE ll I lt llItin,[. ?.12nu lE ll I tt ll

lctifdBll-!r-o1t1l
lctito- la{yoo , lo , lo I

lo'ildo lrl3ya : 8 l_- 8__ lllo'ildolrl3ya:8l8ll
lrdd6€'B ll+|8'qE i ll I lt liladd6€|a jl+lulqE I rr ll

i^rto lre-oy* t I 18 |
l^dutrr l5tya'3ldoldr' 8 3 |i"...* i"il* 

----- I . | 21 i

l";ili'i-d--i- l' lr

LSn"-ig_-._f:"c"".;9t1, .. : i' - t ll

mxrctTv

o*!n@! Acci.ldd ovado.. of roi-sbirins ptodud! ,! rh. 3ind. lrFr cl@ or

roiloinS fdlili6 in childB udq 6 tls oa.8r AldouSh dE ot l l.lh.l &s ot

clqEir.l iM it.p!6nnEr.ly 2OG25o hdts of h6dv siShl, .odidcn!|, l6t ha

ba fdl, SFpioG ofelo Ldi.:i9 my o.c!r *ilh nltl dos of2G60 nE[(g of hodv

Mirhr Io oEdo$ i.6 gESsrcy.it!!ti@ b..r4 0E lcsnt otiB loxici9 it
ELrql io lh. .no'rn ol dcG d iton .b.otbcd Aoi. iron poisti!8 ptldlG

3ynrloc in fou t €..: (l) wi6in l4 nd6 of in!.stioll tFpron rry irtlud.

nG!.., yoniri4. .bdoni l p.i[ l,i.r, ttoot!, lah.t8v, s6t trd npid P{t.c low blo.d

!E u!, f€, difalty htlddnr. &d @n (2) lrml idn di.r.lv rdtJ" tvdldod

m, sh.id. ror d!@l 2,1 h@B (3) Synlploc ruv Gllo 12 b 43 ln6 .nd iM
insddon !d nry iElu.t sios tiSB of fliluF in it follo*it8 orltt t ita:
ddaolsel{, tid!.r, li6, iodolosit Olood), rn cainl tw6u tn@ (a)

rinS-r6m &s|gc !o tlt 6lt l !|GNE t Gnl" li!!t (cidh6it), ltd .onu.h ht,

69



d.velop 2 io 6 welc a0e ingdion (F@d lrd Nudnon Bodd 2ml lnd St r4uii
2mo)

Adlffi.tfdts: At lhdptulic lcvels for ion dcfici.rcy, im supDLMrs my c@
s6toim6ti.al idrado\ no$5, rchitilg disrh.., or .@lipdi@ Sloots wil olld
.pp@ d!rt6 in @ror lon.mLinilg liquids @ t@rpodity sl!j, rdr\ bln ditudns rh.
liquid hctps lo ps@r $is cff.d, T*ing ion suppt@ers witr food ins1ad ofon &
cnpty ston!.! @y.cli.v. edtroi .jlind .{teB 6r t uls,2mo).Thr lood,,{
Nulriljon Bodrd (FNB) ofrhe Lnitu& of Medicir. bs€d ln€ tor@bt€ uDps i,rt t€ lael
(rJL) lor irc. on rhe pEvdti@ of glslroint6ti.d dblr6s. The UL ror adoleerie ard
adurs ovd L\e ago oa 14 yed, includjoS p@Bndr !d br6de.di.C mM i! 4s

me/day, It should h. noled thar $e UL b nor r@r lo lpply ro indi,jduals hcins ireated

wilh iron sd€r close nedicol sup.ri3ion. Individlrts Nith heftnir.ty henoclDonobsis

or omd .ddilioro of non orerlo.d, s welt s individuals sith al cohoric .itrfiosis ed
olher livd dis6€s noy dD.d.@ 0dv6e.ffeb a1 n@ ilnlte t€v€ts b€low lhe U!
(Food axt NuFnion BoaaL 20Ol}

T.bl.l.ll
TOLERABI,E UPIEN INTAI(E LEVEL (UL) TOR IION

(rpoD AND NttTRTTtON todrD2oor)

Tol.ttu. Up!.r l.Llc lr.l (UL) for hb

Fr"'r; o:it tu"'r," -' ;----uLrwa"rr -l
I

lct',u.--r -r ye-- l'
[a"t**r r+rtyi-c
,ri,lltl ley.*ra"ra.
.s;6;ri;;ie sh.urd bo rbm food Md foftuta on.y.

TIIE OBJECTTVE OF THE PRESENT WONK

To tuid $re !e€er!bl6 lhrcugh ln.n es Mii em *leed rla Mdats..

> Thd my &i 6 hr?oglyemic lgals in {E ral,non of dis]Jc.> Mty h. ndptul in did..y d.6cimy dis6A,
> Would rd@ sing siz! of v.g.r.bt6 &d itElt& diddy inLte of



CEAPTER.2

MATERIAI,S AND METHODS

PNEPAN TION OF SOIL

A si|! B rd.cLd for.oltug !..dr ofaqqiMtd v.g.uu6 in $. DGlts of
P*iere CouNil ofscicndlic lxl I'116l i.l R6dtL trlFnloti6 Cohpl6( PdlEwa.

rni. s fully qpd.d 1o lDliglt od Eva 6.d fo.8rowi.8 vc8!aru6 or &y o|na

c&06 b.fc B.f@ Fsils r..da ilF $il a oititrcd io. d@dt 6fnm drd @
foo! tgnovld !106 rnd bDt6 lse. ctoth unil ! !nF$ Dd fo. lqtu|! €d.4

A plot B ptlp@d l$dng tlrt cdffi A B, C rl'd,.va os for bolhwitE

rn dhdr €Ss.Us in 0* 6t ciw t@n. (Fi!, 2,1 & 2,2). It niD plos *l|
w @rDG.d of lrE bor€ (Box-A Eox-B nd !d-O. *nich !4 funl€. divid.d in

ro f@, Fcsupls $tstor6 (A-1, a2, A-3, A-4, &5. BJ, B-7, B-8 lrd Cr, C-10, C-

| |, Cn 2) ND€iiE y. Ths d. b* hd rsdv. rut-boc olld .ub.bor (Cn2) sd ,Gtl

! codEol. Mo@r6, lh! 3!tsboK fiom r b ll .ip6al @ !.t|Plc shich w
3upplds{.d .irhd wirh idividurl .l4rr or Mbidrion or.l.nE|! Thc dindid
of d! sb.6d vqq 16g0! 1.25 f.. {!d sidlh I f@t TIE! a l/, f@l dii.e
b.tl6.!h sutsboi widr h t!. nu! bo,q *fii|. t dbune ofltP@ndr.ly I f@r in

w ol dh boc. Bos g4 *p.rd.d riln potdlryl@ plalic 1o lvoid *.Iq Dd

Thc Olot d6ign for rs suffi $rd!!l6 bin.n Soud od Btlh spon8. E .
IndG m<lifi.d by la ns soft aro $@ fo. lp@dina lldr

B.foc ewin! sc.d!, eil spl6 ww Llq by @nbi.!ti6 ot nrc dnlt (G

l5o\ l5-30d & :t0456) f6n ln. @tm .nd €lcr ol lh. plots. Soil $t!d* v@
nr dri.d h !h!d., sbud wirh o wrodd tunr &d si.v.d dmugh ! 2m trylon nEh

lia ja, TtE spl6 s@ds iiSl y p!.lcd in poly0t E b!g, rd la!.Ld aor ndE

7l



Tla nton 6a trfiq rrlplr tlln 6. doa t|tptd for iffs ntirbL. i!
rdvnc!xid; l) dErorlnrld ri .. Dlo!r's!h clor pllr"dtyl) riF{6v6, $c
s|l!|E dot a w p6otd.d !y Dotalvlm rtd anond oo sodar IilE io

rsid dry oa.cidotd ddt8. in c|!. of rd-

i 
' 

lJ'$'



n4c2.r DIAGMMM TTC R8PIIESEI{TATION OF TnE SOIL ?lrT USED FOR- 
GNOWING WINTEN VEGETAALES.

tupL r. xryr'dld( rdl$)

$drb 1 ,,6r..{F CIcrdD)

sDDb a, rrin4g.,/Zfl a.(sphIh)

9l12

l0 lll

9 at2
r0 lll

9 at2
ro I ll

9a\2
t0tlr

5

sdDb 1&Ei-.<!4r|6ffi($Mi)

3

5

s.DDL Tl&H!r'id( slnh)

3

ft!dtrdo.or qc1dryh r rtid a;o.i rra rruE '\'@'

t2

2
I
3 l0

t2

ll

I

3

CoD {rtiEliol! tnd= lndividud



$nnh 3.r,l,rrrdad@t&. (8lds tlrnd)

&iDl.tL./u...!&!rtt ( B..h od..)

Fisun 2: DI,iG{r|MMAIIC R&Pf,ISENI TION OF TnE SOIL PLOT USED IOR
GROUNG SUMMER V&GETABLES

$rrl. la.9r.'g-d{qgt( !dq{.*a-phio

IE
$iot E rr&relrk( rdy llB.r) rei nridy

smpL r.r[&.Fe&r@{ l,rdy fl4.t h'lh! lrrldy

I I



CULflVAflON OF WNTER  ND SUMMER SEASON VEGf,T BLES

FBh eeds peked h plslic ba8! w.r. pu.dt$ed fton locil mdlia for sider dd

sumer ve8.l!bl* in then qpetiv. !.en!, Tl$ sd! w6 phvsicdlv n:lrnv no@al in

size, n@ of foEicp s@d5 &d dbdq

Plsting dd Fo.dlltltg Sedr

R disL bnip, spiilct\ Icnug@ls 3Nn, pot'puBloe dd hdv_nngs sdeds \@
ptarted abod r,r-inch dF, in lh6 soil. li ce of odislr ludip dd ltdv-fingt( the slds

;incrr alld ir ! lliltsuls fom w4 pl@d if, .&n 3rb-box wlil. rwo doa s€ns or

a.h, 3pindlr f@wE lq !@n ed pol'puBbt. {'cd $M r-incn lpln i' rhF os $in

.ist* seds pr o*-For pldtine !t tic, iG tEdlhv {d lt4F cloc Nw plrdEed 6on

8o€y sroc CloB v@ sttra.d by tryinS ttlrl !.d lrM M dov6 abot 3_ircIE

d..p h 0E $il wili pointcd dd ut. Fo plolins .Cspl6i, tu 3c.dti.s! ftF purden rmm

ruE.y. oft s..dling c ttuph,n.d in @h tub'bor.

BiGr e@d !d Bdn !p@8. sc.ds src ple .d in r simil4 suffi A5 blrlq Sudd

scd! e rdy hlrd ed 
'E 

& lo bc $na.d bctoc $win& Th.Elor., dE s€'ds wa st*ed

in {tistill.d *zr.r for 24 houB b.foc swin& *hil. bslh 3pon8.34d. sw em eilh oul

erkins Thus in 6ch 6o tm 5..d8 l@ pb.n l'ind dep in rh. .oi! wilh Poit'r'd od up

Appllcrtiotr of Fcniliar

a5 a sen rol NI€ fot b6t cults. pholphools, p.t lsium dd nilrosd fenilizlG d€

agplied befoo or $. in6 of DLrtinS F.nili&r n4ds @e del6tnin'n toq perfomins

onDlete soil l6E. On rh. bd! of $il l*t r6ulr! oFrc ws no n.ed for ( fstiliz€r' wbile P

fllN w€@ rquiEd in njnut qErdily. For 0n5 prQos.4 8rd of Dimtuniun pb6phal

(DAD felilid Ds box w6 u.d.



AttU..tloo M!6od oaF.rdlh..

Th. fcnilir.r w bordct on 0r $d@ !d !E ur.rrd iilo $il.

At ..d.! Li.r!olFqZ.'MlrCr,M!,.!dCu LSrll

o.lleiol! $l!ti@ of *l F., zrr I\tA Cr, Ms: !i Cu 6 pcDstd, Dit!.qt
. @@dr.tr6 of F., Mr Cr, Ms rd Cu vw 4tli.d to @a ol.rdr qrcinkbl v.ci.bl.

i! 0r rdl .itE irdiridud .l€sr or h .dbindio d dllldEr !r{p! ai

toFa SoDllet h. ddcnr! td-E SuDtr@rdor oa.l@lt
SUD-!dg: StFDo!.d
A-l C.oDr. Cr, c'l Mg , t-5 Indd cr
n2 Coct.CiMrzi t4 hd-6 zr
a3 coD-3.cr,lczd E1 l.d-1 M8

td-C Sqrllutdd ord6L
Gt bdr, cr
Glo rrclo.Zn
Gll |rdll.Mc
C-1, Co!!!l

CoD =c@bidrid\ lnd- Mitidual

F6 3uDpLtrs$ni@ oa Eqlnd mql oa $s .lorElt io vqltDl..,

ry.dnd stl@ E r.ta (.bm in T.bl. 2.1) itr | @ lita b..ra dd.d Lp ulcr ttd
dris @ thn tDEd 

'fud 
la2'@ of Nl' of rcs.l!b!6 TtE barq 6 ri'u.d rul

riE rirh |p9qiDrrlly tlE liid3 mF r[a !o .G@ ilt @6p!.! lEfa of cldmtr
TIE $il 6 er sllcld lor . @t Drio. $L lpnliotio4 $ fitr pEPd t4ti.tid ol tlE

ri6d $lurio! in O. .oil @dd b. rdi4td.

16



T'!hr'r

Am!.( oa tc,z., Mq Cr, Mar .rd C! tud ,r. Anntlc.rlh ro Ertdi.nt.l tldB

Tlt wirr.r vcs.lau6 s@ sda.d l,l lil6 pq $Fbox d@ t Gt &d

emq vcscl.tia rsic. . w.l 0d i! 20 IirE! Pd {ek Ii. *tr.t w opPli.d lsv
3lo*ly lhreud bwk t ii itrldvlk lo pBo|r urs t@fi lom |h. bor !.d lo dsc
rui@n p!*n d@ TlF rgponru. M14 eplid lo @dr d! fon (!n b h.w!c ir

gi6 G!bl6 2.2 rd z3).

Clc rhreqlt dtgF l4pdLd

to p6r&t lh. DlDt! fM D, lin wd4, a vloda fl.m s @F!u.t!d otl

tl! plot io ou silh Dolyalyld. plalb in .s ohin

And lEv6tinS tt€d'bl6 16 bbughl lo $. l.bordory Dd wcl'ld silh !lp.

mtd io lqrw d. sil follow.d tl@ tiG wnn dinillcd wr.r sdpl6 lw oi inlo

ndl pis *ith tlslic lifo bdoF M drying d 70 oC udl lh. wdll bom ,rtL
SrDDL. M. ds rreuxl w n rnplrr D.l o,5g ot ah sd. s w.l dir6t d wilh

HNO,: HCIOI (2:l) f6 
'a 

tc o ndrins nda ( AOAC,l934}Dig6r.d sphs 9w
filrd.d rhlldr 0,,15 !m toG !iz. Millipoc 6lli od @lum 6 ntd. lo l0O n{ wilh

P.r ItlU&. oar.l lt t lrdr

t0 55,35mS

Zn 6531 25 l6t,,lir5mA

l0

Cr

M8 6.354 5

C! 2.aN 5o l2l.5m8

7l



dilrilled wd... T@ rtmls o|Flt'rid B da.tDin d d t|iL..[i Z6u J.po! Z-

3000, Aronic Ab3o(Pdon SD.dolhit Dd.. .quippcd slh sllnddd hdlow 6$.d! lDDc

B iddi.lioi r.!@ ed air @t/@ ndB wa ulcd for abelplid !|BuMarr ot

6lmots. Th. .l@.nc drltz€d sE Cr, MI' Zn, Cu $d F. ed Mg

SOIL ANALYSIS

Soil r!.|cL. gE drly"ld for sil ttl d*lriol @ndlctvrry (EC), Iaa&, o4sric

b.nd,lilFco d (C{oi} Pot&no4 Plro.phdu -d.nr.d.ble havy n tdi

r DH ud ridtddl Cordrdn itt (EC)

Tlt. pH ed EC of rlE sil Mpb! wcr. da.mimd ib 1:l lon dd wt r 3u!p.$id

by pH m.ld rd Conduclivity ftter 6p*riv.ly al 2t 'C (Richdd, 1960).

By Bouyoffi Hydbmla nrrhod usins NolCOr a diepssi.s !8sl (Ko.hlt

198,1D,

By w.ltly &d Bl&k mdtod s d6sib.d by Jetson (Jekot! r95s).

d. uft corhnt (c. cor)

By0t fftl natr.li?did nEhod @rding ro Bl&t (Bl&lq I %5).

c x)T ssruM (K)

By Fl@ Piotoor.d.

f. rHosPrroRous (r)

By tupid dd scniE @lorio.lri. tuthod Using rp..t riotonaer.

7a



I DTPA-E tu&lblterr M.tab

Exoctlbl. Hovl n€rals in @h soil !.hplc wde.srimared wilh rh€ help olAlohic

Ab$Alion Spanropholoneier Mod.l l|iLchi toldized 2-8000 Jopo by Nng NHiHCOT

mPA drr&rin8 slurion 20 d N&HCOIOTPA (die0'yl€re tiimim D€nt! @lic Fid)
dFr.li.g lolurid E added to qe{y r0 ! wiSlr! rir dri.d soil sdple .rd sh.td for It
oiNr6, And sh*tng di. $p6i@ *a lilard d@u3h wharm flia DdFr No 42. th.
lillrlr. wa rl*n edyz.d tor anet hlc Cu, F., z! Cr, M& !d M! Gtdvia t93l).

WATER ANALYSIS (APIIA I98)

T.t $ds used lor irig.lion puo@ wE uElyzed orJy fori

! Cx 0d Uardor CondBdvlly (EC)

' Th. pfl dd EC oa tu wdlr sd. @ ddmired by pH n id ed
C@d6tiviry nda Eperidy .r 25 'C

h. Chlortd.scl'

B, Til'in€rric ftrhod.

By Aromic Absptio Spelrlphobftts.



FERTLIZERI;

F€nilizcB opplicd w.r!;

!. D "P (Dirnmonirm Pholphi.c)

C@position:
o{n t l}o.
o8.,t6.0)
l3%N,46%Prjo.m% P
U.ir.d Sb16 ol Andi4 (USA)
lipon.d .Dd MdlaEd By

unit d ABro. C1tdic{! (UAC)

b. Mlncrib Srlb (Ahd s.M.2ool)

l. r.fr6 S'ta.@ (Sto)

F6i.tn(F. t) 14

(F. SO.?ILO)
214.0

3 o.oot%
< 0.00t%
. 0.@j%

M.urE.(Mn) :o05%
suh6r&6 .ol prlor !r!d by 

'|m6i!n bd@nd.

zinQa')

3. Mrr3.|@ Sdpb.c (Slgu)

3 0-05%

=0-0d5%

(zn so.lHP)
241.51

(M! SO..rLo)
l6to
9A.Gl0l.o%

<r0.Gl2.o%



Nicl6 (ND

?otlniuh (K)
sodim (N.)

$.02%
9.0t96
50.05%

Icrcr:(l|rOII CL 2I&O
266,31

,l Chdniun (lltldrlodd. trF cryrtd
mbDd-D.IIa AC. S..&+IL.@lti)

5. MrlEluD Sdart ordD .rrn DlE

tad Ob)

6. copF Sdad (St@)

M8 80. ?H,O

cu SO..5rlO
219,1
94.0-102-Wr
30,005%
<0.ool%

NiEogd @rFud!.. Nrogqt s0ool%
Sutd-q rcl preipnlrcd by Iti/do€o tllida (a illfirs)

<ot
Im(!c) < 0.003%
amDnun 3ulfide nrads olh. lhe id

!0,0o

ThG dr. w pcdld for tiplic!. o*l|Mdt in dh @ bv Sludq 't I
t6t R6d& vw dD63.d s h6e sarh'd r,r (ss) for.r.h d.mor Compai$n w
trld. *irh O,O5 l!rcI of risufiqDr th. r6ulr Mt' l@t @.Ilici@i of lE.e edd b.

@Eidd.d nm oBirlrn. Edr individut Bull for qlich P-vd@ w. l.tt muld b.

@Nidc.d hirlly risritionl C.lcul.lioB {@ p.rfm.d u!in8 MSTAT'C st lillicd

3l
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Cf,APTDR -3

R.ESULTS

SOIL  ND S IET

rte dtdicd ddtsi. ed t!ao. n td r6ulF ol$il ud wll . a.8iwn in Tdl.
3.I (!) to 3.1(d)

r) Ofrhd A.dyrt orsoll

b) cLdol A lrdt of w.a.r

85



.) T.|.. Irfta! lr Sdt (q/X!) Dry Wdtll Edt

d) rlE rr.d. h W.Lr (4/L)

M3

Mg

36



soIL

Soil Tcrturc

tlr. 6ttt of rh. $ rqiN &qlcd l,ld n w @iitv Cl.vloe (ISle 3 l !)

Nitrog.D

NdoSln (rg f.rdlid @mrFndt$ ror ws.l!bl6 md noM csdd @

bca.d on rh. or8rD. Edtn.dqn of $. sil ltd $. ftp3 lh.l @ E6M Th6 ctlE
obtaiEd for oorrc mna of diEtcll d.tll{ 0.92% (GI5d); l.1916 (15-30d) &d

Lls% (3Him) i. sfiich dE to? $il ru hlviiG h3e orsrnc dd llu IIE nid rtd

botbh d.prb. tn rc rh. $il t6t d@ for oBeic ntns is !boi. 1,0f4 lho 60tdhr

nitrosq O, is eonnoded (Rd'Ds, 200I )

Pbosphor$ rnd PoL$tum

rtcplbE cults obltrEd for djlldi d.prls v@ h $c otdd of: ? 23ppn (G

lscm)i 6.66ppm (15-3Oh) ed 6,32Ptn (30-45m) wilh & av@ge of

6,?4ppm.Litaie, Potlqsium t6ulr for direql depths wet ; 206ppn(Gl5cm);

r92p!n (15-30.m) !d l85ppn (30.456) wiih s lv€€ge of l95Ppn lf &e 5oil's 161

PhospnoN G) ldd t 5lopDn ta plFsPhoB (Plor) 60ls/ha it @nlMdcn

Sihilady if $c sil 16r PotBiM (X) l.v.l i. .boY. 150 lha rc &O a! r.quEd

Limc content (Crc03)

Th. litu odor (CacO3) ol dilt@r d.ptl6 rodd ws: | 2 6x (0-15@); I t t3

% 05-30 d) rd 13.4J% (.c"rs s) wnh e t€lse of (t3 t5%) Tb li@ @dlal tl
dif@nt deprb s drncr lhe s!N. CaMdly lho lire 6ntdt olNwFP sils 6$5
3.35 ro 24.2 % (Bh!rd, 199?).
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pH

prl ol $il d dilldd d@th lowl w: t.,t (Gr5d): ? 3 (l t30q) di 7 3 (30-

4tcD ), wih e av.n8. of pll ?.3, *tid b 6Bi.LrEd 6 mtrd ot dighdv .lkali@, ln

!.idic $il Cd, H8, Ni ed Zn @ r.hrivlly mobil. whjlc A!, B.lnd Cr a€ nodmt lv

nobil. .nd Cu, Pb and S. @ slooly nobil. Guli.r, I t7).

El..t'i(al Conduclivity (EC)

The .ledricrl @nduc(vny GO !r dilt4lt deDts M h th. or{s ofo l0 dtn '
(Ol5cm)t o.ll dim' 05-3ocd) sd o.11 dlm '(3c45cnt wn.lcat th6 lv€ft€e EC w$

o.l2 do_r. Tne el€lricd @dudrvity i. |n. !@ in dl tlE the d.Ptht slb nr th!

ditodnity orf€ cdiG ad a;oB lilc N.', f, Cl., NQ' cl4 Th. $il is M{diB
rnd 3uch sol5 pt*n rc h@ 10 t€nontunl @F (Md ed HoCtn a | 985)

SoilMinenls

Th. €@E id ofcr, z! M'L Cq Mg ad F. fodd i! @il on drv Mi!,!t

b$i3 !! d{f@l ddh! !@ 2.42t0.006, 540.011, 2r.69}0-l 15' 690'{@3',5304

O.2O2dd 39.0@0.231n8/kg.t (Gl5@) 2 '1010.006' 42610.006, 19.s4!{03?, 5'40!

0.006,33.82+O,llJ dd 38,92+O.r?3 h8/Kg s105-30 !m)i 24410011, ',t.sor4ol?.

19.3?10069. J.2O{.006, 32.86ao.0s6 4d 18 4640 1"4 nu^g sl (3045m) Gtbl' 3 l

Thc @rdins lo H.rvin dd Sulhnpou( l93l) dE cllc indi6l4 rhd d't $il
ws adequlto in cu, i., Mn, dd za in t ft of lbdr @l@lrd'oD for agnqntu6l

WATER

pIl

Ai tH or 0E wak. ddmhed (?.2) wE oltust sd. lh of soil pH 7.3 hdco

p@ m efi€r ro th. $il pH. (tablc 3. I b)

88



El.ct.icrl Conducilvtty (EC)

T1'..laficd @duclivily (EC) ot dE vald da.min d a 0.33 ds/m, Il w
dilf@r b EC of eil whid' is Einl, d!. io lh. tudb6 of fE 6rto6 .!n 6ioB lilc

Chloride

Th. Chlodd. dlaL ofdE slrs {@i 3r.r4 ns/L. Ithich b quire lov, Cbps

@ i@!itiv. to hiSh chtoride @ -l3. lor cl'lorids lh.E ir a tuiom linit ol (100

rA/L) for if,igalion $dq Dd s6orc lhb limil b ddg@6 aor @F @SEP,\ 1985).

Sulphrt

The doul ot lulphrle ws 30.1t ng/L. siore a tho rtcomaded lhn for

!ulph!r. ir (250 nu^-) (usEPA le35).

RESIILTS OT TVINTER ANI' SUMMER SEASON VECETABLES

Tlr. @o6ti.lion of Cr, Zt! Mn Cu, Ms otd Fo h milliSms ps Kilogm

(nE/Kg) dry wirht bsi! for .&lt wi'nd v.s.l.bL spl. ha b@ 3boM i. Ttbl. 3,2

ro 3.8 (Figc 3.2 b 3.8) !i sffi v.g.t U6 in Tdl.39 o 315 ( FiguE 3 9lo

Sidilely wint.r !.8plable supl.d {ilh MilM @Mtlflion ed inc.a. of

Cr, Zr, Ma cu, Ms dd lc (ntsit(8) hs b*n shoM in T!bl6 lt & lb (Fisud rt
&dlb) !d 5|lffi r.ga!bl6 io Tabl6 2. rd 2b CigrG 2! dd 2b)

8t



WINTER SEASON VEGETABLESI

1.loprrfl.r-s.dlar, ErdLh Roo.t rnd L..vc.)

Tlo @n@t!di@ of Cr, za M4 Cq M8 d F. in coffol 6pl6 of roo!

ob.c',cd *d (8rO-0J7, 58r{- l4r, 4{40,23r, 6dn.034, 226,l!5.?80 &d J68+3.468 *irh r
aim$ @@trlion of Cr, ZA Cu !i Ma l41o.ll5, 1204L156, 3@0239 lrd
24?6415.02) n8/I<a d dry wisln b8b in rlb-boG (C-9). (Br), (A-l) !d (A-2)

t!3pcdivdy, Thc codclrt nioa of Mr lrd Fc did nor dc.cd ii ,iy $Nox wirh Gpcct

lodrlrolmpL. llErodiFalcof Cr,&! CuodMg@rddE(6,62,24&rd
2lr) msl& dry wi8h bair vnjl. in su&F (84), (ol l) (E8), (Ei) (43) od
(A-l) di'iBm @@td@ of c!, zlr Mlr C!, Mg !d F. (6dO.d3, i6d4,8r,
3640.10., ifto.@s, l3'&5.73o ed 38,1aa,62,1 wirh iorrl dc|E. ot A,12,3, \ 336

ed 184) Ds/x8 l|ly Mistu bat w obsd (Lb|.3.2.!d ri8uE 3rr).

Th. cor@E lion of Cr, zlr Ma Clr M8 !d F. in o rol splc oa l..s
otr.F.i w ( f O!0. | 15, 122a1.156. l rtt.l56, 12iO.046, 2960433.52 d 219al9.21i

witt ! ruinm ffitlrid of Cr, Zq C! dd MB (1640.231,1640.219, 1640.231),

l66d{.809, ,14+0.462 dd 3050t9.2a0 ng4k 6 dry *ight bak in 3ub-boc ( 4, B-

5, c-9), (B{), (An) td (c.l D r.3p6rrErx ft. onal'rdo ofMn.nd F. in L!6
.l$ rlid not oed in &t $b.6d wih Gran !o @alDl Mplq TlE told inc@. of
cr, z\ cu axl M8 ir $b-toG (44, 45, C-9), (8-61 (An) dn (Cn l) r..ord.d *!
(6 44, 32 &d 90) n'C/Xg dry sish bai. whilc in 5utsbo6 (E5, C-l | ), (A-a), (E7),

(A-a) Dd (A{) hbim6 oEantdd of zr! Mr\ Cq Mg .td F. (104i{.52q

| 0ilfo,5?3l I | 0+ |. | 56, 6*0.3, ZltALA.@2 td 123(e&W2 wirh iobl dfc of (13,

82, C 716 tld 962) 
'E/& dry wi8lt bai! w ob6.Nd Glblc 3.2b dd Fi8@ 3.2b)

Etr6r d c., z.t Ml' co, M3 rd a. urr.L slttlLa In cmbh.rln or
hdh,|do.lly .!d do Sa.C. oa^DplqdoE

Chrehin E .pplicd in tl$ aom of @nliilrioG (1, ,, 3, a, 3) rd
inditidudly (5,9). Orchll rh. onqtnlaon {s ift@tcd in oll rub-tor6 dc.et silh
no hc|6s !'d dd!4 in sub-toG (A-3, B-7, CnO of adilh oots &d (A- 1, S.6, C-

I q C-l l) l@6 Bperiv.lx Mdk d inc'@ w ob6.@d in e&G (C-9) of ndish



mot! at 2d 3tas6 and !ub-bo$! (A4, B-5 &d C-9) ol ndkh lav.s ar bou lr oid 2d

zinc E ltpli.d in lh. fon of combinalions (2, 3, 4, 8) Dd individudly

(6, l0).I.clsc ws obseood i. ull sob-loxcs ol [olh odth r@ls dd lcav6

suppld.it6d wirh @mbinatioB. Mdked inc@6 wB r@od.d b lutsboxes (B-6) of
borh ddbh @ls 8d l!!ve! l d!se,

Mo€nesiun wa applicd in lh. aom oa conbi@tio6 (1, 4 3) dd
idividudly (7, I I ). Dd6. w ob$n.d in mgmsid coomlralio in .ll sutsboH

€ept srl o nE1w. in Ntsbox (Al ) of tudth eB .t r' 5hs. ed slb-boxs (Cn I )

of borh Edish oors &d lavs !t 2d strS., Thc t!&i of $is i!c@e in naEGiM

@ftatr ar lalq st !p is du. lo ind5. input of Mg lh@8h inisllid wdd hlvi.g hicrt

@@nr.di@ of M.a!6j!m.

Coppq, mM8sr6.4d i@n ws. tppla.d in @mbirrioc (1,4) (a 4)

dd (3, 4) sreriv.ly. Th. @ppd o@u.rion w6 in@a.d an sub-lq6 (Al, A-4),

vnie mesee 4d ircn on@l'aid i. 3!tsbox6 (A-2, 4"4) ad (a-3, A-r) E
d6:6€d both in rdbh rcoB sd lar6.
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2. Ararsrla-rapa (Iurrip Root! rnd LeNe.)

Th @Mtr.tio of C( z! M4 Cu, MB a.d F. in dtrol sMpl6 of Ma
obs{@d w (@0,023, ?840231, 5010.404, &0.034, 305,UI2.71 md 620}2,312 wti a

naimun concdtrnrion oa cr, h, c! sd F. 21+0,2!1, 146*0.693, 1240.104 &d

303+r.312) ns[<s on d'y Ncighr tui! ii sub.bor6 (F5), (A"2), (A-D and (C-e)

ep€cli.ly. The @@ raion ofMn dd M8 did nol qced in 6y sub-boxwilh alecl
to @.u!l sdrlq Tne bbl inccoe of Cr, Zn, Cu Md F6 r*ord€d {a (13, 63, 4 ed
188) mcit<€ dry weidr b8is. whil. in sub-box6 (c.ll), (8.5), (A-2), (a-2) ed (A4)

mininun @nMr.rbn of zn, Mn, c!, Mg &d F. (62*0.346, 32j0173, 4+0m5,

2m2a15.02 sd 50412.312 widr lot.l dE @ of 16, 18,4. 1052 &d 116) mglKg dry

sognt bas ws ob@ed Gabl. 3.3! ud Fis@ 3.3a).

Th. @nmtrarion of Cr, zn, M'l, Cu, Ms Dd F. in 6fiol s0pl6 oa l@v.t

oh64ed s6 (8a0.023, 8&0.57a, 142!0.8A, r2!n.@\ 336@13.87 dd 185.s6.936

with a @in@ codcqtdlon ol Cr, Z'\ Cu, Mg !t!d F. (24!o.23r, t52]4.924,

I3a{.1 15, 3432+t.2,8 dd | 926} 12.71) r€ft8 @ dry wisht bdis in sub-toG (C-t),

(8-6), (,{a) G-7) &!d (B-5) cp.ciwlt Thc @Enr.lid of Mn in la6 did m.

*eed in .ny sutshox wilh rsp..t ro 6l.0l stlc Th.loi'l ie@ of Cr, Z\ Cr!

Ms $d F. t@d.d w (16, 64, 6, 64 dd ?2) m€/KB dry Eich bai. Wnne in suF

boG (O9). (tu) (A-3, B-7), (A-2) od (A-2) ninimui @n6ldion orzn, Ma cu,

Mg and Fe (7t10 461 106a0.520, {3rO.023, 3+0.023), 2?.1646.936 dd I 13& 15 02 lviti

total d.ode of 14, 36, 4, 522 ..d 716) nr/4<g dty @igh bat B obsn.d (r!bl.
3.3bedFisw3.3b)

Ef..t on C., zn, Mnl C!, Mg r.d F. Upt k Suppli.d tn CoDbln.do! or
Individlrlly dd .r!o St{8c of^pplicriiod

Chronium wa lppliod in the fom of conhitulioB (1,2, 3,4, 8) &d

individually (5,9). Thc chroniun concdtmlion ws enh@ed in all lhe suh-boxes w n

only exoeplion ofsub-box (A-3) of trmip sors Mdked inc.6e Na round i. sub.box

(B-5) $ fr staSe wnib in sub-box (C.r) 2d shge ot suppldentlt'on in rools &d



ZiE vc ryrli.d h |b hm of codidi.or (2, 3, 4 E) ed indiddrdy
(6, 10). hcJt|& wa otw.d ir dl !ub-bo6 b.6 ii rdjr roo! Ed l4v6
$prl.n€dd wifi eid corDindi@ Mrlo.l ilElqs rB oc$.d h nb.tox (A-2) of
onip @s !d @O of trit lcwa i rr dd 2r !..g6 of aAploE ri6

l{|8'6i6 srr lpDli.d in U. &rb of c.obi'di,E 0, 4 8) d
individudt O lU Dd.... E obsEd i. BsGiq cdria in.tt $tu
lulpl@it d .ithd in conbin|li@ d i.dividurly dcefl qnh @ trrl!& i. r!b.0ox

@?) ed (C-l l) ofnDip lqB d borh lr d 2n st!s6 ofopplqn nt ri@

Coppa, rrr8m6. !d ir.o I]!.r aplid i! conhhdior (1, aI P, a)

dd €, O ap.cdv.lx fh. copDd @nc.rF rid wa in.ru.d in $b.toE (Al, 4"4)

d !E8.|E ddE d i! &Hq6 (4.2, A4) of tnip oa &d h.!,., *hiL iu
' @!tdm E iEes..l hot-tdA (A!, A-4) !d illu.d in (A-3, A4 of bd

tumip Dt' ed Lr6 E *tiwly.
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3. ^!b!tac.a-rl€rz.a (Spimch) ritr.er

Th. d@r trion of cr, zn, Mc Cu. Ms atd F. in oflel @pl6 obsd.a 6
(22+0.t73. 130+0.367, lf{+l156, I3+O057. 1474Or9243 Md 3124*1040 wilh t msihud

c.l@tlIim of Cr' zL M4 Mg .!d Fc 42*o ll5' 196t1734 19@l-156, r646ot9a3 
"d

349848.092) i/Kg on dry wicht b6i in sub_boB (B-5)' (Aa), (A'4' (C-9) dd (aa)

6pev.ly. Only @q tlltd of Cu did rct m@ or d4@ $4lh cp4t !o dtsol

smple. Th6 toid indeas6 ofcr, 24 Mn, Mg ad Fe r@ded ws (20,6'X2' t120 a'!lJ14)

n8/Kg dry wish bsL vhil. in sltbox6 (B4) (B-?), (B'?), (4?) (F?) ed (clo)

minimn conMr ion ofcr, z\ Mn, cu, Mg ud Fe 0010'040 110a0924 110r{464

slO.O46 9E0@r1.56 lrd 20?416.936 sith to$l dcll& of 12' 20 t4, 10, 49'10 and lO50)

n8,/Ks dryNersl bsii NB ob*fl€d Gall€ 3 a md Fi8urc3a)

Dft d on C.! Zn, Mn, Cr, Mg Dd F. Upt t StDP[.d i. Conbittlion or ltdividdllv rd
ako Srag. ofAppll@don

Chomiun s lppli.d in dE loft of @nbintrids (l 
' 
2' 3' 4 3) od individuallt

(s. 9).Tho @n@nuation ws incMscd In sub-box6 (Al, B'8 , B-5 8_3'c-9) widr a Mked

hcBe in sutsbox (A-') tl Ii sLSc of supplmoulion ed d@@d in $b'boxd (A-2'A-

3,A4).Ch@niun 6dat 6 d.@.d snd' tu€rcsiun trd 7in' w tpplid alom'

zinc @ dDlie<l in lh. tom of@mbimrioE (2' 3' a 3) dd individuallt (6 10)

lncl!4 s ob@ed i. tll 66. zitrc @ ed d@'d' trts' drcdim ed arc w'

arplred alon. Mdk.d insse s6 ob6.fl.d h:ub_box (A-

Mos6ilm w lppli.d in {E rom ol conbiMriod (l a 0 Md i'dividudlv (7'

t l). D46e 6 @ur€d i. s.b_box6 (A'l. B-3) sd (B'7)' sbi!' im@!'d cl)'qlr'!@ n

sub-boB (a-4) &d (Cnl) Metd incEse {$ r€cotd'd in sub_box (C-9) in cae of

clromiln suppl€Mdion (lnd-9)

coDr.r, @3u* md ircn ,w @pli'd in @nbin'lioB O' 4) (2 4) dd (3' 4)

rsDedvely Coppet e ent wd d@Med jt bolh c6es whil' hdloBe dd rcn conrcd s$

inc..$rl in sub-box (A-4) !d d@@.d it suFbox6 (a-2) (A_3) cpeliwrv

to?
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4- Ttisohe a{oenun-snceur! (FenlgrcelJ Methi)

fte @Mntdid of cr, zq M,! C!, Ms &d Fe in 6nlbl 3mpl6 obmed wG

e,rio.l 15, 6310.462, 6(+0.323, t,l+o. 1 t5, 3003rt9.65 a'd 157241 1.56 utn . 'fuinm
l:,l'J.l6tatio of Cr, zI' Mr! Ms ed F. 3,EO231, 162+1.156, 16!0.462, 3264ta27 al
2092t11.56) rU/Ke on dry weigl b6is in suh-box6 (B-5), ( -4). (A-4), (B-7) and ( -3)

r6pdively Only @@nto!@ or Cu did 4ot ielle or dsee with resp€.1 10 control

Empl., The totd incieae of Cr, 24 M4 Mg ard F. lecolded wa 00, 94, 10, 2s6 ed 520)

ngg dry scirht bcis whil€ in suLbox.s (B-3), (C'e), (C-e), (A-2,0-',D-?.C-9,C-10). ( -3)

and (C4) dinihd @'6firion of Cr, Z!! M\ C\ Mr sd F. (1240.0s7, 62ro.52q

,l{4o. | 73,( 3{.023-0.oml | 93o}a-w2 64 103249.u4 v \ tord dotce ol 12.6,4 6. loza

,d 5ao) r'8lg dry wbht h6is M oh6!fl.n Gsble 3.5 r! Figur. 3.5).

E!f4t on Ci, Zn, Mn, Cu, Mg ad F€ Uptrk SupplLd In Contttr.lton or Indhtdulty rd
ds St gc of.{pplc.dor

Chroni@@opli.d in dc fom oa emhiraiions (1, 2, 3. 4, 8) od individually

(5,g}D€lle in cnrchjm m@rarion w6 oadr€d i. sub{ox6 (A-1, A-4, B-3) a.d

illclle in suFboxg (A-2, A'3) ed (B-5, C-9) Ma*ed incr@ B oelrrd in sub-bd (B-5)

ar r' c.s. of $DpLnHbrior Ch@hiM @nr.nl w dd@.d Nh.B tuCn6iun ad n.c

zin. wa apgned ir lhe fom ol onbinalians (2, 3, 4, 8) dd individutlly (6, 10)

zinc @nlor w6 inctcdcd itr dl sub-box6 wnh Ddcd rhciee in sub-bor (A4) d l'' sltse oa

supplhdrldon Zi.c onleit B dq6.d wlprc nagn6ium ald chonium '* @plaed

alone !d ale in sub-box (Ar).

MasBim wd opplied in lh. fod or@nbimrions (1, 4. 3) dd i.dividully (?,

1 l). Mo8nqion comdhtion @ in(edsed in rll sub-box6 excepl (Ar ) wilh nw*en in@e
h sub-hox €-7) d l" slrge oI $ppleMiation,

Coppd, nEn$rw ed ion r@ 
'lllied 

in onbindbs (l, at (2. a) &d (3, a)

cpdircly. Th. 6pps dhr @ d6@4 $ltil. ,Mgol*$ ud iM tridrs vw
inclad in bo'l tub-box6 vilt' na*.d ine.e in su't'oxg (A-a) !n (A-r) Bperively.

t05
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5. B tu 3s L aa a np 6 t b -v a t -sa,to n.( Str!.nl

rhe @nentr rion ol Cr, Zr\ M4 Cu, M8 ed Fe in @nttol sdDl6 obw.d {s
(340.oq 9240573, 14240.809, 12j0.104, 3710a10.40 dd 946+1,156 wilh a nsihun
.omdr.Iion of Cr, Z.\ Mn !d Ms (20+0,121, I22a0.9241.04q 16410,86? dd 4t5.rj9.243)

m8[<8 on d.y wj8hl b6is in suLbox6 (8.5), (A-3, 8-6), (A-4) !d ( n) cr&dvdy. rn
@nordion of Cu ad F6 did mt ird6. or d*l!e with cp.<r !o @nEol smlla The ror.l
inc@. or Cr. Zn, Mn ed Mg Mqdcd w (12, 30. 22 od 42) m8/X8 d.y @ighr bais.

whil. in rutsboxG (B-6) (c-9), (An), (A4, (B{) dd (c-t) niiinun @@i'rtion of cri zq
M't C!, MB ed F. (@0.0d, t0+0.404, l3@o573, 3<).023, 3492110.,|0 ri 63341,734 wi0r

lohl de.N of2. 22, t2, 4. 233 dd !oB) n3/& dry @idI ban w obs.rqd Goblo r.6 .nd

Figue 3.6).

E|r.t on Cr, Z!, M!, C!, Ml Dd F. UDr.L! S{D![.{ ln Codhldtiotr d ldiidudy &d
lrn Sbg. of^pplqalo!

Cluohid w lpplicd i. rh. lom of@nbindi@s (1, a 3, a, 3) ad idilidully
(5, 9).IrE6. in cinmion @r6n * @urd an dl rub.box6 wirh nr*€d il|clle i. sub-

box (B-5) !r I 
r sbs. of !!DDl@a|,,!od Chremilm on@lr ion w incErcd in msr6ium

3lpplftnr..t !Mtl6. ziE .lpli.iion d@ .l$ derrs.d dbhiun @ftEl'lrion h suLbd
(8-6) !d rc dr*t in (cno.

Zinc a lppli.d in lh. fom of@nbiiri@ (a 3, 4, 8) &d individurdly (6, l0I
Zhc 6nlan s ilma.d in dl $b.box6 {ith nslcd inq@ ir suFbox (A-3) d l' sl,rgc ol
supdturdion Zinc 6l!dr * d*6!d wta@ ma8'|6ium dd .l@niM vw @Dli.d

dmc lnjle nagGiM 31 hr.r 31.gr did nor cle 6y chaep in @.mFarid.

MlgGiM w lppli.d in nF fom of @nbindiod (l, 4. 8) dd individudly (?,

I I ). MlgnBium @MdEtion w deced in rll srb-boxa *c.tl in (A-l).

Copp.r, MB'c. ond ko. sE epli.d in @mbinatioB (1, 4), (2, 4) dd (3, 4)

6o..iiv.lr In sub-bor (AJ) ro er*r *hilc in (A-4) d4tq$ wa o@undt 
'o 

coppq

@6rr!bn. Sihilrlx 'M3&6. @rcnt wd iM.aed si$ ru*cd i's@c in 5utsbox (A-

4) dd Fe @ntd dd6ed in bod suLbox6 (A-3. A4),
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6. Portula.@leraca (Po. ptrttone)

Th. @rMlrdion ot Cr, Zn, Mq Cu, Mg Md F. in o rol splB obwed M
0.110.086, 8840 520, 90+0.578, 14+0.057, 13660+10.40 dd 2864+21.96 fith a rmiNi
M@lrati@ of Cr, Zn, Mr\ Cu, M8 8nd Fc (54aO,239, 316a2,312! Il0+0.309, 221n.1?3,

23120+3.092 !d 3548+6.936) hdKS o. dry w.bh hais in sub.boxs (B-3) (Bi), (A4), (A-

1),(84) od ( a) sD€clivoly. Tne tol.l irc@sc of Cr, Zl! Mn, Cu, Ms md Fe Eord€d ws
(40,223, 20, 3, 9460 ud 684) mg1K8 dry w€idr bsis. Wnih in sub-box$ (8-6), (Cl D, (C-

I l), (C-10), (A-2) ed (C-l D minihuh @@t6lion of Cr, Zc MI' Cu, Mg dd Fe (12]0.05?,

7310.404, 66+0,23 1 , 1240,057, 1268Gr8.092 &d l3@110.40 Mor tot l dEre6c of2,I0,24,2,

980 &d 1062) nC/Kg dry *.i!l!l b6is wa obed€d Oabl. 3.? dd Fturc 3.7).

Elfat on C., Zn, Mn, Cu, Mg ad F. Upt L SoDtll.d In Conbinlrim or Ldlvidudly md
rle Stna. olArrliqfotr

Chsdfud s lpplicd in th. fom of@mbinarions (l, a 3, 4, 3) tud individually

(5, 9)jmt€$ in chromium cml.nr wa @uFd in dl suNoxe *irh mked il@ in s.h-

box (B-3) rI lr nas. of flppldararion. Chohiun @lo1 6 iM6€d rhq. nEscim
di tm r4 epli.d rlona

zinc M lppli.d in lh. fom of@6bit ri@ (2, 3, 4, 3) ad individualy (6, I0).

zinc onrq M ilt@.d in dl sub-hox6 wi$ nstcd ilk@! i. $b-box (Bl) d l'slas. ol
supplmntnlion. zirc @mc.t wa darcccd whcre mts!6ium dd cnrcnium w 4plicd
al@e, s,hile @gnsim ar n61 nag. incBed ?irc @n4lr!'on

Mrgsim w 4!li.d in d. lod otconbiutions ( l. 4, 3) &d individuolty (7,

r l ). Me3siun onqftion wa ddrcaed in sub-boxcs (Ar ) sd (cn l), n'bile ind6ed in

othd snFbox6. Mdk d imftae wB o@!ftn in su6.box (9-6) whd. zinc q6 supplmented

!t l" stage ot suppl€neftlion,

copper, mrn8,ce md iron rcE oDDli6d i. @mbinorioN (l , 4). (2, 4) md (3, 4)

r6pedively, In@se in con@lr|lio of @pp.r, @!ru@ &!d i@n M occui€d in.ll strb-

boxe wirh ruk d irc@e in (A-l), (A4) dd (A-4) r6p6rivcly.

lll



't

E

F

t

6'

*

€

E

{

I
E

IE

lL

a

t, i
3;:!
!!€ir!"i
gr. a

a

6

g:E

t!l {tl
3:i
!gl

e:€ i,E
tz+

F+E

xgr

; rE
eat

seE

*t;
Q;€

H33

e.aE

{at
EeE

gr!

3"E

E'; ni:
s"€
eii:ai

;e.

sti $g;

g"E

:gt
4Si i1:

i::
9-

iti
$"E
sii

i=€
di!
raa

E ;il aiE
g::

Eii
99i

^ el
E !i ^:E

EllEBI
9de

^ sE
d lt
s {i q:i 5g:5ili

i3?
eii - "E

$ei

c tE
i r_.1

3;i
- cE

; il
.9

Eli
s 9;
a#Es!

^ aE

3:: eeleai d9:

-E

at:

s
t::

="E
,zi

*;E

iai
=E€
g:: " 

tF;i:
: ali:r t reti.l :XE -€q;.I

eaE

4:; i3;
^"8

it:
*53

9ie i3:
_"e

i9! ":Fi#
- sg

i;i
^r!
Eg; irt

-sEllt
c::

.:l5i!
9gj

*19

5ii
sil
3;:

62 1 T 0



rylnl?s DL ( Arrd*l4 (Pd e{r'1.!dx.rh)
codiEdorolciz.'M4c!'M..ndr.4]|xgDqwdsh'!k

!r-
li:tra-

l! "Ir.
ir- s
ri,ll"

!'"
t: "
ti,,
t

-
ll.

ii'

l!n

ll
it,- ,, c t! ,nt

ltJ



7.A |anaairah( G^.tt )

Thc @c.! .ni@ of Cr, Z! M[ Cq Mg dd !e in @ntol sDl6 obwed wG

(&0.028, 92$.520, 2@0.098, 10t0.0.16,78@1.156 ed 15040.693 viu a ndibM
6n6l.dion otcr, zI\ Mq Cl! Mg sd Fc (22!0.I t3, l?0+l o4q 2&0 173, 14a0 0694 $q
902!1.714 dr4 16@0122-r.156) neilk on dry *ieln b6is in sub-bos (B-5), (86), (A4),

(A-t,A-4,8-5,84),(cn0) dd (A-3, B-5) qD..liv€ly. rhe tot l inq'€rs. ofcr, zo, Mn, c\
Ms dd F. r@rdcd w (14 23,4,4, 116 snd l0) du/Kc dry sigit bai! whilo in slh'bos
(A-l), (A"2, B-?), (a-3) ud (C-9) nininum dddaio. orzq Ma Ms 6d Fe (63+0.5?3,

1310.0304.086, 631!.1 ?34 od I 1640.309 virh loLl ddag of 24, 2, | 56 !d 34) he/r.g dry

roch b6ir wc o[@ed Gable 3 3 .id Fisuc ].3).

Eil€cl on Cr, 2., Mtr, Cu, Mg dd Fe Upt'k! S{tDU.d lr Conblmtlon or ltdtrldu.lrv tnd
rrlo Sbg. ol^tpli.rttotr

Ctuoniun w6 opplied in th. fom oaconbimrios (1, 2, 3, 4, 8) dd indiriduallv

(5. 9}hd@ in cnroniln mtent w @cwcd in all sub-bos wilh rokcd inc|@ il tuF

hox (B-5) al l' st.€E of slpptdM|arion. Chremiun 6.tar B dso incdcd vh€re

brssiun rnd zi@ w alplied .loG

coppo, nmsrn* ed non scc applied i' ombitdbN (l 
' 
4)' (2, 4) dd (3' 4)

r6D6ljr.ly. Copp.r @ . 6 i@@ed in bo$ tub_bos Malge66 ed trob @nlqls a@

dd*.n i. suEbox6 (a-2), (44) dd ins6ld in su$os (a4l (A'3) Gp.div.lv

zitc @ applied in lne fon oa @nbin tim (2, 3 4, 3) d individudllv (6, l0)

zinc @ dt w6 inctcBed i. dU sub_box6 wilh nskn incrd€ if, suLbox (8_6) al r'st ge or

supphncdatoo. Zinc cohlfll ws da@ed where hasneiun &d chtodiun wde applied

alon. ed d@ in sub-box (Al).

Mt€rEim ws lppli€d in lh. lom or 6hbinsli6 { l, 4' 3) ad indiridutllv (7,

I l) MlErBiun mql''l]o. *s d-@!ad i. sutbox6 (44) dd (&7), ahil. i*@$d it
odr. sub-boB. Mst.d itoq$ 9s oeutld in suLbor (Clo) vlqc zirc wa tuppl@led

l14
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SUMMER SDASON VEGETABLES

E.Mon .dknaha ntiL(Bitr.r Eou.d\

The @n6t6tion of Cr, Zn, M4 Cu. Mg ad Fe in @ rcj sd6 oben€d @
0.110.036, lO4+0.520,32t0.104, 1010.046, 333646 936 ed 333a1.156 wilh a tuiod
.o.@nldion of cr, zn. Mr! cu, Mg r.d Fe (104j0.924. 156+1.M0, 64a0462 s0+0 404,

4ol2+ro.4o sd 139646.936) nglKe oi d.y w.jdl b4is in sub_boxd (e5) (8-6)' (A-4) (A'

a),(A-2)Md (A-4)t6pecrively. Thelol'l inc6eolcr, zn' M4 Cq Mgdd Ferotded w5

(9q 52, 32, 40, l?6 &d 503) ne/Kg dry wiShl bsis while in suEboc (A'l ) (A'3, C_9). (c-

ro) rrd (c-fo) nidmlm cq@ltrali@ oa 24 Ma Ms and Fe (roolo 664, u!/J rr54 t2r'

3153*l o..o md 48343.463 wlh rolll dc'E$ or 4 3, 4?3 !d'l0o) ns/K8 drv wisht bai! *a
ob6eden Gabt 3.9 ad Fig@ 3.9)

Elf.d on Cr' zI, Mn, C'r, Ms .nd Fe Una.kc SrpPli€d itr ConDldtlon or ldiidu'llv lId

'rrstnecor mll.nlron

Chohi@ wd applisd in $. fod ofonbiud@ (1,2 3' 4 3) dd iddividullv

(5, 9).,rE1€* in chromiM @lon € ddrcd in .11 sub+ox6 wilh iat'd i'@ in $b-

bd (B-5) tl lr tt!s. or suppl6s$i@ Clronim @la 6 tls inc@Fd wlEe

mrgnesiun ed zinc w€ aDpli€d alo@.

zinc wB applied in Oc rom oa@mbi@rioB (2 3,4,lJ) dd individudlv (6' r0)

Zinc @nlht w ircrded it all sub.soxe si$ hdlcd iM@ in sub'box (8_6) at 1'r ttlse of

suDplm.nl.tior zitr @dal r€B!.gd unchesld ynEe f,ugGium ond chrcmi@ lw
rppli.d dolE q@pr 3!b{ox (C'9) in whicn Z. c.|@l'dion daEsad

Mdg6ium ws.pplied in ln. fom or@nbinalrons (1 4, 3) &d ildiliduallv (7

lr), M0sn*iun @ncenlolion wG {tdosod in .il sub'borac Incrde wa obsNed io s!b_

box6 (A-2) sd (A-3), {'Irerc m nElttsium N6 suDpl€@led

Copps, @care 8Il ion wr. appli.! in @mbiElioE ( I 
' 

4), e, a) !d (3' a)

Gp*tivelt lrctle in @@!arion of c!!p6, m{s!l@ "d no s dercd h 'll $b'
' hox6 eih rul€d i'*@. ol.l rte dr*.lodt in suNor (44)

|7
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9. Lulla aaiangutL (Btttt 3poqe)

Tn @lgEstion of C( Z!\ Mn, Cu, Mg hd F. in @nr.ol @pl6 observcd @ 0{D'

34t0.404. 284{.1?3, 1640.ffiq 2900*6.936 @d 364+1.?34 widt ! tuin@ o@ntntion of

C.. Zn, Mr\ Cu dd Mg (l!t4o,069, 188*1 156, 33aO 2024 231, 36*0 I't't md 3362+16 13)

nsl& on drr seiCt h6is in $b.!os (B-5), (B-6). (A-2, A'1I (a4) 4d (An) t spldislv

TlE ror.rl ie'€s of Cr, Za lvt \ Cu ud Mg @.d.d s (14, 104, r0 20 ed 962) n8/Kg drv

wieht bais. whil€ in tuFboc (B-7), (B'?), (^'3, B5), (c_e) rd (c_li) nn''nd
@nqfttion of 24 M4 Cu, Mg ard Fc 064 578, zlO r l' l4ao o5?-0 086 279048'09 lnd

2ol+1.t56 wilh tohl de@e of s,4, 2, llO tnd 160) ns/fu dtv *ieltl bsG wa obed'd

(Trble 3,10& IiCUF 3.10).

Ef.cr or Cr, zn, Mr, Cu, Mg sd F. UDttlrc SupplLd ln Combi.ation or Indldd!.llv tnd
.le Stagc olApploriotr

chFtud M .pplicd in ttu lom or @nbidtlo6 (coml, 2, 3' 4' 3) txl
individualy (Ind-I5, 9).Ift@e in chreniln @ntdl wc oed.d in all $b'bor6 filh

sisnifiMl nFGe in suHox (B-5) !1 l'nlgc of oplL.Et.[otr Chonid @lc did ml

slFw ey i.d€s or dc6., vhde trsr6ium dd zim aw applied tlom

zirc w6 arplied in dE fod of @m!i.r!ioN (2, l, 4 3) tnd individldlv (6 I O)'

zinc @ at @ inm.d in tll sub_b.x6 wi$ ddred ill:@e in sub_box (86) !t l' !8p ol

3upplcmdadon zinc co €m delled who. d!8n.sium d chromiun {erc apDlitd alorc'

M.g.esium ws opplioi in rhc loanoacombin0lonsO 4,3)od individuollv(7'

ll). Mll,siun @@erfldon Ns ibc@ed in dl sub-bo* €x.epl sutsbox (B-3) with

sien,licdnt incRd. r sub-b.x lA_l) tr I' shg. of luppl'mmhion The concqrdion wc

in@.d in sub-box6 suDDltuLd Nilh zinq thil. in .e of cnoniln fi€rc @ ob56!d

i@€& in ore sub-box (85) 4d de.@e ii othq tutlbox (C'9)

Coppq, @EEIBe dd ion wa lpDlild ii @obii,rio6 0 4), (2' 4) &td (3.4)

.60@tiv.ly. The i@ @iell ws d@.d, *tilc @ppd od lBsae @tdri w'
in@.d in boh $b-bos Nirh tut.d mcl$. rn sub_hd6 {A-4) and (A_2.A"a) rBp;div'lv

t20
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ro. Solanu didonsaL ( Brins.l/.gg-phn.)

Th. @n@lf(on or Cr, zn, M!\ Cu, MC @d Fe in 6ntml spls ob$oed wB

{1i40.052. 9240.6t3, 3O+O.2a9,24!a*\ 2152}9 244 tA 23642312 hlh o ndm@
coiceilrdion ol cr, 24 Ma cu. Ms nd Fe{l2a0.ll5-0 144.200+1.?34,40a0 231, 36+0 202,

2826+6.936 ed 292t1.r56) nC/Ks on dry weigh bais io suEbox6 (B-5,B-?), (B-6), (44),

(a-4),(B'5) dd (A-4) ap4lively. Th.lol.l irc@e of Ct, a! Mq Clt' Mg lrd 8. dord.d

w6 (4, lo8, lo, 12, r34 di 56) ms/Ifu dry @idl bsis. \r'hile in suLbox6 (4.3), (c-9), (B-

3.Cll), (C-ll) dd (B-5) nininm 6n6tdion oa Cr, zo M., Cu.ri F. (6*0023

7240,404. 2610.1154.1,14, t@0.057 !d t66{2.390 wilh lorrl ddt€& ol2, r,4, 3 lrd ?0)

nA/Kg d.y scishl b6is s ob6.ftd (t!bl. 3.I I dd FurE 3.t r)

Elt€t on Cr, zn, Mtrl cq Mg nnd F. Upnrt c snDDllcd In conbiuion or Indl durltv lnd
rlo St't. ofApplic.hon

Chrcnim ws .lplied in |h. form ot @nbintlions (1, 2, 3, 4, 3) sd individu.llv

(5, 9).No ins@. or dd@. orchoniun @ntdl in slb-bos (^_l, A-2) dqd. in 3ub-box

(A-3) ed i|r!!e in $b{os (A-4,F5,F8,C'9) ws ohed€d Mattq! irc6. in sutsbor

(EJ) ar lr sbse of slpLMu[on @ @'d.d Clrod@ odar s i.@.d dd

@in.d @hrnged eh@ m.gEiun ed zirc va. aDpli.d r6!4riv.lv

zi.c wa atDlied in rh. fom or @nbinalios (a 3, 4 3) ed indiliduallv (6' I0)

zinc @nrcnl M inc@e<t ;n .ll sub-boxa wiln msked ircr6e in $b_bor (8_6) at l " 3h3c of

suoolmentllion Zinc om€nl decsed *h.re mlgnesiun ud chodiln w.E apDlied alonc

!d *runed unchmged in $b-box (ar )

Masreiud ws applied in $.lom oiombimlioB 0, a 8) dd individudlv (7.

I l). MrcGid @n@rarim wG in@.d in sU enlboxB vih IMted iDq6c in sub-box

(B-t) .t t' s.se of supplwurion. Ttu @EnF.lioa M i.ms€d in sub-boE

shddan d Nilh chmniud tr.6c e6 @ntd b zinc $Dpl@den suLbox6 tlso.

Coppcr, nonlnnBc 4d non werc applied in ohbinadons (1, a)' (2,4)

Md (3, a) r.lpocively In.Fse 
'n 

con6nudrcn oi copps nmsE* &d tor wc occun€d rn

rll suh-boxe wirh ntrk.d inc@ of dl lhc ilv.s in rub_box (a'a)
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rr. Po tt u lo.a a I enc es.e ot p! | slaD€)

The concoiorio. of Cr, zn, Ma Cu, MB $d F. in 6 rol 3mDl6 obened wa

O2a0030,29012.312. 153+1.040, 164O.03C 24180*1613 a.d 2?68+23 t2 wilh a 'winun
@6trdid of Cr, ZlL Ma Cu, Mg &d Fe (2440 173, 352t1.156, 184!L040. 36d4.173,

uaaotlJ.a1 Nt 279?a12.7r) ngKE otr dry wisrrt bsis in $Lhox6 (S-5), (8-6), ( -2), (A-

l),(A-r)ard (A-a)r6p6tive'y Tr€total jn@.of cr,zrl MaCu MEddFe@rdedwa
(r2,62.,2o,$0Md24,tr]4/Ksdryw.ishtb6k.wnibinsub.box6(8.6),(A.]),(8.6I(A-
2), (B-7) dd (S-3) nininm co.enmdon ol cr, zn, Ml\ Cu, Mg md Fe (]01o.0a6,

14240.693, 11240 664. 10+0.044 15560120.30 dd 2203426.53 wilh lotd dcrw of2, 143,

4E 6, 3620 md 5a{) ng/Kg dry $€id't b6h w6 obssned Crabb 3.I2 od Fi8!E 3 l2}

Ef..r on Cr, zq M.t c$ Mg {d F. Utrrk Supplied in Codbin.tion or lodindtrdlt dd
ds. SLg. of^tpllmlion

C[ronium w6 applicd in lhc lom or @frbindions ( 1, 2, 3, 4, 3) md individuolly

(5. 9}lture6e in chrcmud @nt@t ws o@urcd in dl sub-boxe with no indeae or d@6e in

slb-box {A"3) ed duil@d incl€* in suLbox (B-5) ar I' slase ol supDlcmcnlllion. Chrodd
@otd 6 dq6cn in $b-box (8-6) Md ift@€d in soLbo\ (C-10) in 6e ol tnc
suppldohlion Simil.tl, in 6e of dtEBiun inmed o@d.d in sutbox (B-7) td 6

zinc w applied in rh€ fom oc ombinorio.s (2, 3, 4, 3) dd individuolly (E I0),

zinc onlol ws in.Med in oll sub-boxB wirh nsted ircrese in sub.bo\ (84) 11 1' srsp of
sultlcmcnrdrion zinc @ntcnr dd6ed wlErc nrgns'um dd cltromiunr werc opplied 0lo,e

&d aLo ii 3utbox (An).

M.aaim 6 alpli.d jn $c fom oa@mbimri@ (1,4, 3) dd individuilly (7,

I l) Magn6ium con@trali@ ffi inc6.i in rub-boxs (Ar , B8) ad d*@s.d in all olhr
sub-hos. M&*.d incr6e o@uftd in sub-box6 {B-3) d l" srl8c of slpplmdtalior Tho

concenraion wG d@re6cd in sub-bos suDDlotoedert wi& chromilm dd anc

Coppd, @erese 6d idn @re atplied in combin!1io6 (1. 4), (1 4) dd (3, 4)

6pe.riv€ly. Irctae in con@tarior ot @Dter a'd @Crrde 6 ecurcd in aI sub-bos
'rith rutcd in l6e in sub-bos (A-l) md (A-2) Bpalivdy. kon contol w6 d66ed in

sub-box (3) 3r!d in 6d in sub-tox (A-4)
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1 2. S I i n ac @a t qa cea (spi^..n)

The concenlrdion oa Cr, Zn, Mn, Cn, Mg ed Fo ir cohrrol smplos obwed wa

(2640.115. 128+0.693, 734i3.468, 16c0.098, r4r20jr2?l dd 2852410.40 wid . hdifrun
@n€nrralion of Cr. Zn, Cu, Ms ed Fe (ll6+1.d0, 36443.00, A!0.r13, 2292n+16.14 &4
3tt.ta9.243) mCKs on dry weigl b6is in slb-boxcs (B-5), (8-6), (A4). (A-1) trd (A4)

ep€cliv€ly. The tolal ircEe oa Cr, ZA Cu, M8 !.<l F. rsrd.d w6 (t0, 236, 3, 3300 sd
I 142) nslKs dry weidl bais. Wnib in lub-box.s (Cn I ), (A.l), (C-9), (a-3,8-7,B-3,C-10). (B-

5) ond (B-5) minimld @ndralbn of Cr, 24 M4 Cu, Mg ed Fc O31o.093, 100+0.664,

2l@2.390, l4+0.0304.036, 3l60!8.092 ond 2626*23,12 wi$ loral dda. of3,261.513.2,

5960ud226)mg&gd.r*i$tbaiswobsctocdGable3.l3!d FisuE3 l3)

Efi.ct o. Cr, Zn, Mn, C!, Mg dd Fe UDr.t Slppll.d in Conbin.tiotr d l.ditidu4ly sd
ds Srrg. olApDlisliot

Cnrcniuh sc .pplid i. lhc aom of @nbinllis (1. 2. 3, a, D ed individually

(5,9).IrE|@ ir cnrcnium @ntg w @cw.d in all sub-boG wilh tEt d i'@ in sub-

box (B-5) al r' n s. of slpdmabrion Chroniun dtot @ d*@.d whse .d€ri6ium

and trc N4 @olicd aloc.

zinc vs .lplid in tlE fom oa @nbiodiN e, 3, 4. 3) ed individudly (6, l0)
zinc @nlor ss imlqon in all rulbox6 siln ntrcd inc@ in sub.box (B{) at lr sbep or

supplmedadon zinc @.t@r dd4cd $hd. dc!6iun t d cluoniun werc atplied alone

&d in suFbox (a-l ) In @ of cltromium supplmartio. bo .llega @uftd in sub-h.x (B-5)

Maer6ium w6 pplild in th. fom ol@mbh lioE (1,4,3)od individudly (7,

I I ).Masn6irm conslRiion w6 ind6.d in tll 3ub-boxe Met d in@ae @curtd i. sub_

bd (an) al 1' .bge of luppldatriotr Th. @Mr6tion a d4Eed it cnrcmilm ed
tnc supplodod.d sub-box6 wiih onlt oxceorion ol incr86 in rrb-box (cr).

Coppor, n$GaMo md ion wer. epli.d ii fie nixtue (1, 4), (2, 4) ed (3, 4)

rspecljvely. Inclte in con@ntrotion ot @ppq ed ion sa occutred in tll spls with

njaked inc6e in smpl6 (4) ed smde (4) r*pccrivcly, MetMeso cont€ wa ds6ed 
'n

129
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13. Eilttt us-esculeni.s.(Ltdy fingcr) locrl vrrlety

Th6 oentorro. of Cr, zn, Mq cu, Mg cd F. in @nkol Mpl* obsosed wa
(36*0.12?. ll6a{,654, 5410.462, 1240,086 3212126,5A 8d 294}2.390 with a mimd
@r@nrBlioo of Cr, Zq M4 Cu, Mg Md Fc (?010.404, lt2+1,156,6410.693, 13]{.115,

3753!r2.7t @d 3a2!2.427, nteKE d dry @ighl bais in $tsboxB ( -l), (Cn0),(,44),(An),

(A-a) !d (A-a) BpetiEly. Tlr.lot l iidle of C., 24 M4 Cu, Ms dd F. @td.d B
(34, 36, r0, 6, 436 ed 88) trE/KB dry Eidi b6i!. vhil. in $!boc (B-?,C-l qcn l), (B-7)

(B-5), (CnD, G.6) sd @r) neih6 col6i6tid o{ Cr, 24 M,! Cu, Mg ad F.

04ao.t15{.144, 10040.635, 2640.121, 10+0.052, !172421,96 {d 212t2.02:, with lold

decl@ of2, 16 28, 2, IOO ed 82) 6E/K8 dry wi8ht bGk @ oh6.o.d (T.bl6 3.14 atd

Ef..( o. Cr,z., Mr, Cq Ma ild r. Upt k Sltrli.d I. Combl..do! or lndiridrrly rd
.ts Snac ol^ppllddotr

Chremje c {plicd in tho fom of6'nbin lrior O, 1 3, 4, 8) ed i.dividuary

6,9.rlEI€$ in chromiM @ton wa oeqrd in.ll su$ox6 wilh nrtcd ind@ in suh-

bd (a-l) d l'sr.se oa slpdm1arion Chtuhiun @nlat 6 dd@.d slEE mBBiw
and ,im w€E lppli.d don. witt m dE8! in suLhox (&6).

Zirc wa lpplicd in lh. tom of@nbimriG (2, 3, 4, 8) ltd individudly (6, l0)

Zinc 6 sn *6 irc@.d i. dl suh',bo6 wilh tukcd in.|t@ in 3ub-bor (Glo) al 2i stds.

or 3!DDl.@l.tior zhc @ncnl dd.5scd vna chrcniuh s tpplied alore od @ clscp

@md jn suFbox (An). hceof r4rBim tlE E dd@c i. @ t!tsbox (B-t).nd

incl€e in otns su$d{C-l l).

MlsGiun vd irplicd itr dt fom oa enbiMtio6 O. a, 3) ed individu.lly (?,

I l)MrsEim @n6tr.lio s i*ss.d in dl tutshc .x@pl de!q$ h oE sub_hox (B-

3). Msted iocles oe$td in rub-bo* (a4) !r l'sllgc of3lDpl.nutlriotr Thc cololmio.
@ incracd in othd slb-boE surrlc,mt d wilh chomiun ed zinc silh ody qc€plron or

da@. in @ rub-box (84).

CopDd, nBltlne ed ion E. lppli.d in @EbiElioN (l, 4), (2, 4) dd (!, 4)

GDecliwly. Incos i. @ncoloion oa @pD.r, mo8&6o tnd ibn w oauftd in dl sub-

bd6 wirh ndlad incBr in sub-boxs (Ar ), (A4) ed ( -4) 6p40v.ly.
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14. Eibiscus-.sculelttus(Lady fingcr) Indirn vtriety

The @n@nuoion or cr, zn, Mn, Cu, M8 ed Fe in contol seds obeded rs
(40!{.115. 10640.404, 64+0'l&1, 14}0.036, 2a1(m2.71 std l56al.l56 wilh a mainun

@n6ralio of cr, zn, Mr, cl! Mg lrd Fc (6,lao 693, 2l(e1.t56, ?3+0635, 20]0.115

34s4+6.936 dd 3?6al .349) ng/Kg @ dry s.isht bsi5 in suubox6 (C'9), (G9).(a4I(44)

(A-2) md (4.3) cp@tively. The loi'l inct!& oa C., z4 Ma Cu, Mg @d Fe r@nlql M
(24 llo, 14,6,608 ed 20) ng/Ks drr w.i8$ bsn Wril€ in sub_boi6 (Clo) (B-5) (A'3),

(A-3.B-5,C-9) Md (Ar) nininun concenlltion ol Cr' Zn Mn' Cu 4d Fe (3610'115.

10@0.664,3540 t2l, I2+O.O3GO.O36 dd 188+l.734 sU lolal dd.6e of4 6 23,2 &d 163)

ns&e dry *i8ht b6is s ob@.d crlbb t.l5 dd FiB@ 3 15)

Ed6r .! C., at, Mn, Cq M! .rd F. Uprdr. SlDDlk{ in Contlr.dd o. bditidrrrv 
'rd.l$ StrA. of^Pplidfon

Chrcnium w lpDlied in lho lom of @nbinalids 0, 2, 3 4, 8) dd indiriduallv

(5. 9).Incr6o ir cluoniun dtdtt M occu.d in.u sub-bo$ wilh ruk d i.cl€e in sub'

bor {c-9) 0t 2"r shuo ofsuDpldc.hlion Chremium.ontdt rc'ndncd u'ol{ngod trdet' 7inc

.fll d!€rdiw w.t apti.n in suFbos (8_6) !d (B-?), enib dd@.d in .ub-b'6 (C-10)

ed(Cll)Bp.d'rclt

zinc *6 arpli.d in d! lom of @mbinari@ (2, 3, 4 3) &d individuallv (6, I0)

zoc 6nrql rB iEB.d d allsutsbox6 Mrh ruk€d 'rc@ 
h sub'box (C_9) d 2d sbse ot

supplment don. Zinc codenr d*@o{t at lr skge $d in@en !1 2d lllee in cbronium

supDl.@l.d 3ub.bos (B-5r and rC_91 cp*riveb Srmrlslv. md$€iuh 
'pphcoion 

dr l"

$ase in suFbox (B"?) @sed in@o .nd no .nsge .r 2d sl!s' in suEbox (C_lr) o' ?inc

@nlar D{M. al$ o@red an tlb-box (A-l )

M.EBi!E Nd applied in the fom of @nttnalioB (1. 4. 3) and indiliduotlv (7

I l).Mosr6ium .oneotfdion 6 iu6ed in all3ub-box6 virh Mted insse in soFbox

(A-2) al l" stlge ot suppl@edalion wtere rc hognesim B supplde ed The cone'raL'oh

ws inoesed in suEboxa slpplo6nt d snh .hromiln ad zrc'

Copps, @raHe ed ircn r.r. .pplied in @mbidrioB (l 4)' (2. 4) dd (3' 4)

Ep.di€ly. trc@ in c@arErion of @tps, ndBrc !n iM s @un€d in arl $ts

bo6 *irh mdked iu6. i. suFbox6 (A-4), (A4) od (a_3) Epditelv

ll5
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WINTER VEGETABLE SAMPLES WITE MAXITIUM Cr' Z& Mn' Cu' Mg
snd Fe CONCENTRATION

In wints vGgctables Mimuh @n@hion of chrenim in nilligtd !6
Kilogm dry wishr hGh hs b@ shom in 0E odd (Pofllbaall@ 54>Spt@'

ol@ 42> nsd.ll*lMSrem 34> Btusteapa Ras atd ran* A> Alttun'

tut|tun 22> Dtussteffipstls-tuturd 20> RdPhanututtws Lar6 16> Rophanus'

saliwr R@r5 14 flabL la dd Fis!rc rd). wnik chooD contd| h nilbrd p.t Kilq@

dry sid brss ir dE @nuor sapl6 8s (?utuktuaLtafu 14, sptw@l@ 22

nisd.lla-h@6zr@m 24, Rrottt@4dry R@ls 6 @? laG a' A4iwettw a.

Rlmt.aanpasris-wtsaten a, Ibphttustultu l^6 lO 8d lLphanus-et1'6 R@B 3'

tn wintd *g.r!bl6 nAimun @ncdtraton ofzie in dillig@ ter KiloSrm drv

*jAh bsis wG obsd.d in th. ordd ot lonulodale@ Jl6> spm@laatu 196

>tttphru-satis 146 |fl'> 7'tisuela'ltutn-At@e@ 162> Btusi@4F lac r52>

tuNtdrag P@E 146> Btu$t@a,9esits-wrww 122> Iraphan's-sta Rools l2o>

,alltun-Mttwh r2o (r,6L 1n$d ris!re I a'2) wl l€ zinc conlenl i' milliErd per Klo8re drv

wiehr bsb of 0E onrror s@Dl* I Puttlaaatetu@ aa'SPte@4lq@ r3J1tptun6'

sti6 IAG r22, tttEwtla'h.tunA.a@ @ Brustca$F Lda aa' B/$tte4p

Pgdt n, Edtt@d4sls'wrettu 92, /?artt@d{d'wt R@a 53 dd '4tuM4diwn

b wirq v.g.t!bl6 @intn d'@ralon of mg.@ in nilligrd Ds

Kifogd dry *i8h bd. 6 ob*fr.d i' tlt odq of SP'm@4|tu@ r > At6t@'

@dP.erlnwHarnn 164>lortu,lad4lata@ llo>Trgokella'loenubgaMn 76 > /tttium-

lddwu 24 (Iable I ! dd Fige ra-3) .\l'h'b neEfiee mnt'n1 in rulligm pei KloStd dry

wei8ht bds in conuol spl$ M ttlliuneti@ 20 Portula@4lem@ 90 Btasrd'

@oc*it-w-wtun r4aTrisuetb-ha!*e@ 6 dsptn@atffi@ \64

In wi.t r veletibl6 ndinud @n@tErion of @pp'r in nillietd p'r Kiogtd

b6is M obs.ded in dE ods ol RaPn@ 4dttws L'N6 44> RaPhanu4dttws

Ptulaeob4.ea Z2> Atu3si64opa laue lA> Alliun-atwm 14- 8tusna'

12 (ralle ta Dd Ficle ln4) wniL @pps dtdn in nilticm pa Klog@ drv
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w.iebt b6b in @nfol spl.s ws Raphakus4a ws ),a\4 12, irprdrlt{orvlt Rools 6,

Portotz@olqaw 14,Bmst@fipala6 l2,Alhun-etwn l0 eA rrot r@-4pa R@15 8,

In M .r wspra!16 @inud @6rrli6 of rEsrgim in nillicxrn p.r

Klosrd dry w.igbt bsis wG obsd€d in tb. otde of /'odheallM 23r2A> SpLq@.

olqo@ l@&> anssi@4hpqnh&t-erffi 4\54> lrlee.h-hM€tM 3264

>Rtpt@B-Mtiw 116]6 7476> Aqitmdt@ 902 Oabl. In dd Figw la-5) whil.

oagFsiun co d in nilliSiM pd Kilogm dry wcishl bais in rne co rol wpl6 w$

Potuh@4kr@ r3(*>0. Srtwiletuca )4140, anstuahpattlewr-@ 3130'

nigueltLkqm-gw 3OOA, RaplEM$||w P6l6 264 Itd A iun-elw 1a6'

In winld v.geubt6 mdidum @meots lion ol it@ in hilliltM pd Kiloatrn

dry wosl:t bsis ws obsded b tE ord.t of Po.ttlo@41./a@ 3s48> 
'pttuMltuM

349s >t'15lnclkLtntu4@n 2Ut2> Btostaap tard lt26> Bmttur'pa P6tt

aol> llliM4altwn r5s o.blc lt lid Fi8lre r&5)wnib nd 6nLt in nillisd pcr

KiloCrM dry @i8h bsf in th€ @rrol wd.s ws Po'tulo@'leruM 2a64, sptuM'

olqacd 31u,ldlor.lla-lotun'gM 1572' *a$t@4pa Lw6 ta54 B'an@fipa
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WINTER VEGETABLE SAMPLES WITH MAXIMUM INCRf,ASE of
Cr, Zr, Mo' Cu, M8.trd Fe

In win16 lcgellbles robl ift@. in ctrcnir oncddnlion nilligm pcr

Kilogm dry weilht bdis hs bd shoM in tlg ordq (Portula@4teMm 4a>

Spbs.@alda@a 20> B'@i@-tuF R@ts l3>4ro$,@+4/a la16r6 > A t'n'

stinn 11 > sn$taai"pstttew-nt@ 12> Ttig@ella-fudM4@mro >

Raphahttrfttiws l,.a\s odR@c 6) (Iobl6 I b qd Firue lb'l )

v.sd!Dl6 wirh btal iltrE* in nnc @cdt !!on tulli8d Do KnogM

dry {d8ht bsis obsded in rlra odet ol Pdtuldealetuc@ 22a> ntgohatblfun'

ga@n 94> Rtd$1..4F Roors 6S> !'ptMM4larucea 66> Bnsl@ra4 Lqtes

64> Radr@-snw PrrrLs 62> Rtqnttf-etiw tae 44> Btast@4'Pesnk'

wr*t \O llhu*tarwn23 aTable tbdd Figuc lb_2)

vcgctlbl6 Nilh toLl ift@ in Mg@e @Mtr'lion nillicrd td
KiroSrd dty wciSht b6i5 oh6ev.n i h. otds of sPka@4letuM t2> a'6ta'

@nP. ttvwend 22> Pottulaeataru@ m> fttA@e||a-huunCtuced ro>

-{r?ur{allM 4 (ttbb rb and Figlre rb_3)

Ve8prlbl6 with brel in6.s. in mppq @csrado Nllis@ pd Knosm drv

wiSht b6k we in llre ont€r ot P.F\antsnwlan*32> Raplaw{alwr R@lt

24> I'oaula@al.tuM s> hos'tafu1t lac 6> Bra*tu+apa RdB ad 'llrcF
saliwt 4 Crable 1b ud Fkxrc I ba)

v.s.t !16 sih rol.l ilrlt4 in tugHium @E6lr'tror dnisM pd

Kjlogru dry qaghl b6h obsoned Nor' i' rhc order or 
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Joamz,anuh 52a> sPtnae'oleruc4 374> Brdsie4apt Roors l$> a/d$Ld_

mpa lanetz> ,4llitta-*tim 3 Gable I b ed Figure I b_6)
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SIJMMER VECETABLE SAMPLf,S wlTE MAXIMUM Cr' zq Mn'
C|l' Mg lrd Fe CONCENTRATION

ln sllmd tolEt bl* Ddinud co!@n1r!don of chromim in miuiSrm p.r

Kilosrm dry *eishl bsn wG obs.d in lh. ordd of SP,e@rrta@ )16>

M^ddid4atuttd lo4> HibiresdLrtu lool rdier, 70> E biw<tdlqtos
hnt6 wicle 64> PdtohealercM 24> L!& aetansub 14> sohnunaetarq@

12 (alble 2a ard Fisu. 2tn). Vltile chrcniw conted in nillilid pq Kilogra dry

wisnr bss in onrrol spr6 @ V|M@LM 26, Modordt@-cndM a 14

tlibi@sat&t.nM l*d vsi.ty 36. Htbt@tulertut lnlia widr4o. Putula@'

oltu@ lz, Luft adtang.l4 @rdetored , SolaM-wlo,Etu a.

In sum* vcg.bbl6 Midlm qotueot'ation of nn i. nilligni P6r

Kilosre d.t reich bsb w4 obwen i^ ie old6 ot Spitu@4tetaM 364>

Pttula@alqa@ 352> ltibistu*dLntot bnid wietv 216>:tI@u4tdEM
2oo> Itlh adtaisL!. 1aa> tlh@dtiaht@na 1s6> Htbtwlatot t@l

vsi€ty I52 (T.ble 2. & FiguB 2!_2) \I,hile zinc contenl i. nillirrm pr Kilogtm dry

w.isln b@r in qlrol !@pl6 ws spha a4lcrc@ r2i, PdtuhaaletM 29o'

t httunsawLnhs rjdin rtiay rca, sokatnek'n!.m 92 tufu Mrn\nk aa.

Moturdt@.lat@tt1 lM sd llibr:tusdl4tu locai va.ly I t 6.

tn sullmr vs8.t.bles tBiDun @n sl€lion of Mgmse in nill'srd

pd Klolr@ dry weiehl bsis w obe.d in dD order o' /'''ulaNb@ t34>

,irb,wr..@/",s l lB vserv7a Mo@rdt@darmno u> E$ttuektus
b@r r,j.1t64> sobaudactonetu ao> LLI|a @bnE'b 3A Oanl 2a ed FiguG 2a-

3). wlile @sese conlsl in nilligih per Kilogm dry wtighl bais in cohlrol

se9l4 w Potul^@\tu@ $a. Htbit.ls$dlentos lndi6 \di'^! 64. I'lomodie'

cttrcntk 32, ,rbk*4sdlentb lcil vdiav 54 so/a,rfltalohAe8 30 6d hfu

In smms re8etlbl6 msimlh concsltslion ol @ppd in nillil'@ Per

KiroSrd d.y weisl bdb wG obw.dinrh.odqorMMotdt@4hdrdtia 50> bnh

a@tuglld: sotatunful@g@ td PottoL@alm@ 36> SpiN@tt@M u>

Eibj*utrM!.ntu lrdiu 
'sietv 

2n> Ethtn^4te!.ntur lo'd vdietv 13 Crtbl' 20



&d Fisurc 2F4). Wldle coppd conlent in milliSr0n pd Kilosm dty wishl b6h in

@l]t,rol sm9l4 ws Momn ica4haranta 10, Ltlla aettu3ul4 16, sotMm$ak gtu
24, !'dtulaealaruM 16, sptnac@alcru@ 16, Htbn$sdlentor l.diM vdiely 14

ttd Eibit@s4*,1enna lo.d wler! 12.

rn s!ffi ws€rsblB nqihun @I@lllrin of rE€D6ium h nilliSm

Dd KifoCrrn drt sqebr bai5 @ obtqa.n ia h. o(iq ot Ptula@4ln@ 24440>

Spttutual@@ 22920> Motutdt@4@t1a 1ol2> brfu @@gub 3462>

Htbtwelera lo€l vsi.ry 3753> Etbtwdle'tus I'die vdety 343!>

Solatunielo,tstu tA4 $.,bL a 6d FiS!rc 2a-5). Whit. @g6iu @nict in

njl[rre ps Knogru dry seishl brsis in @td sMpl6 @ Potuld@4tned

24la0, Spttu.e4teftM 14120, Monotdl'-.hamt6 3a36, Lu& adbnglt 2"&,

Htblsut-eselentus loczl @i.tt 3212, Htbtw4tdLntus hdi& laiety 2376 $d

Soldi|k4eknE4a 2152

ld slnmd r€s.1$16 nqind @ndkarion of ir@ in nilli8@ p.r

Kilos@ dry wqgh( bsis ws obld.d i tE .dq SPi@4L,@ 3994>

Pdtulaealua@ 2192> Motur.tt@.aM,tio 1396> EibisHfllqtut l6.n

vsi.tr 3a2> Hibltuatdlcntot l;di^ tsay 316> elaM#1,r8@292 (f&l2a
{ld Fig@ 2a<).llib n@ onGnt in nillilr.n Dd Kilosm dry MiClt bais in

@nEol sdpl6 s tpte@rl.tM 2a32, Portula@almN n68, Mo@dta-
' chttunia aaa. Hibjtes4culqts locd vsioly 294, &rtrc,s+ralcrer IMis vai.ly

1t6 ad SobkilhelLrgda 236.
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SUMMf,.R VEGETABLE SAMPLES WITH MAXIMUM INCREASf,
ofCr, Zn, Mn, Co, Ms lnd re

veselade wirh ror.l ietg* in clr@iln co.qtrarid nilligm ps

Kirosm dry wciehl 6sis obs€d in t\. odet Mon64ia4e@tta to> SPhaea-

olqaM *> Htbttu4tabtur lo.d ldet'34> lttbttutelertts baD
wiaJ24> tulp tubhetla 11> Potutaa4le@ 12> Sot ,M-tuIotgw 1(rfir.

Vogerabl6 wi$ rolnl in @e in nrc conHllarion djlliSm pd

Kirog@ dry w.iclr bsis ob*fre<t in lh. odq oa sP,e.ldertM 234> llbittut'
ele,tut lddi6 vdjayrr'> Slouna.lo,sw 10A> Ltfu adttuAuL ro4>

Pttola@aleratu 62> Momdi@4hnm a 52> Eibiwt4@tdd loc.l vdiery 36

(Talle 2b &d FiSur€ 2b-2).

v.s.tabl6 wiu lo1'l ilEJ€e i. nt4ee @n6Eario nilligm ps

Kilos@ dry wigh bds obid.d i te o'dd Motu .lta4,ttutia 32> Potutaa'

oleruud '" IlibndsaNfllen s Indid vdisly r1> Lrna aebrErna: Sohn n'

netons@ Nd Hibitu<wle"tut loc.l v&iery l0 (Iabl€ 2b dd Fku€ 2ts3)

vegelalls *ilh lolal imtle in @pFr c.|@ftrio nilliSM p6

Kiloerd dry !ei8l* b$k ob@.d i r\. otdd ot Mdottlt4<tMtta 40> Ltfd

adt|rAlta d4 Pottol@a|t@ 2o'- Solanud'melo,tstu )2> SPxeM4lqaM a>

llibiJtradn.ntut to6r wiay tl Htbi&B+sdbttu rriiis \ai"v 6 Crlhb 2! dd

vecetabl6 wilh totd inclt@ if, nlenesiud @hchration n ligd pd

KiloSrd drt s.irft bsb otds.rt i rlE ords or sP!s@4leta@ $@> 1t&

@@s!b 962> Putut@lq@ &)> I',,,@s-elatu Indie lsidv 603>

nflie$attulun^ toc|l l aty 4s6 ' ttlonotulcoannntla t7('> soldtn'mlnaw

r34 Crdble l2b and ris@ 2F5)

vcsFr,bl6 wilh btnl i.q@ in itun @n@ntrolio' mitlig@ pd

vrrocrn dry wisht hcis found .'@ in rt\e ord6 'l Sptmwtwa rtaz>

Mfuotdt@4hor@ d sos> EtbBd{scrl@lL loc.l vdialv 33> soknun-katqgetu

56> Pohlae4lercm 24> Etb,str{rdd.,&t Indian v&ielv 20 G6ble 2b dd Figue

2M)
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CHAPITR.4
DlscussroN

In ihe pltsl w* thc @n ida {6 dicbm.d of ves'1!bl6 with tree

mdds for dEn rcb s nvpoglv@i. agdts h rh. rdt6t of di'b€16 6 *€ll6

oths d.ncid.y dis6es. For lbis plrPos. seleltd rcs'labls fton wifi6 &d

sl!ffi 3@E v@ 8rcs on .4di@Ll b6is in lhe $il trEdi@ Th' $it rvt'

es clsy lom s pe eil lsi Tnu the $il tv?e olhq clw&tsislig lrd the &lud

condlEtion of the ninozls utis nudv @ se fot all dr' rcg'ubl' spl6

v.cda(ve r@s a!.orb ruFid ddoE ion eil thu rt th* r'turned to

iurfie throueh lcd |.ll Thc upldc ofhovv ncub bv vcs'toblq depods on oe

nobilny sd lvlillbilitv ol oltds i. $e $il F&!oE tBt il|ct $o rcbilitv orh€evv

o.r.L inclutlinS:l) crqniol Palimtds $ch 6 pH, Eh (rdor pol6!tl)' orydic

d.uer 6old! elinilv, .on@rndions of conpddng ioc' ionic or dionic conpl6x'5

tuLue, ?) phFic,t p!|mcrc* slcll s tduc (n4 djsiburion) lls 3lt!d@ dd

podrahbilitt, pqen@ ofone ord sseibloge or'lav dindals iheir sulee d'a

ed csrion dchdg! c!r&ili6, clnnde (Lsp@uc)bd l) biolosicar t.m.6
$ch 4 d@bid &rlvitv vee.talive r@1 dldsion ed p@l6lion lrd blrowing

oemisns (Si€8.!, 1993)

Tr.co mindnl mncolralions dd 'vrilobilitv 
ae

inrcrdepdddt l{106:I I E ecmE 3pci6 ottdervofcop

co.ceflralon ol eil, 3) st4c o' tlut @tu'irv 4) clitul'c or



! C!OnS AITECTED Af,sOnPnON Or Ct' zn' M'! Cq Mc tnd F. IN
SELECTXD }'EGEI ALES OF wlNITR AND SUMMER SE SON

EAFECT OF CONCENTn {TroN

Fnn 6ulls ot crromi@ a.d nrc of both rvin6 dd sutjftr s@on

legehbtes, it is evidan $al by iMesins soil dndlrarion of lhse eleMls rh!tr

c.ndrriion oulll b. inq!.sd to . si8tifi@t l4el 'fh' chreniu upbk' bv

plers h@ bd loud io b€ tolkirclv @ftloled 1o chromiud lpplianion bv nsv

Nort6 (Kict sd B@t\ l9??; ad.t va ., ./.' l99q Td8 tt ar'' 2ml; s@'llMv

a 4l..2oo|'zin'L et al ,2ell

Ti! b6l wsy ond shsc orapplicltion whicn @ h' @hnEd'd of, dE bais

of olr Guts for cluonun tnd te suptldt'natun is ltdit individud applicalio' !t

Plds groM in hsry ddal @t dindcd 3oil olto show rclll

@Md.rio\ paniculslv in toor dsue Md de r't' of cr upbke is dep@dent o'

levqEl soil md plmt lDios (K!bd&P6dis. 2ool) The i"bsni$ involv'd in lnc

upl]le ed rslodrid ol dromiud in pl4ll is 'ol 
mddto4 b.@e or

ucetainty abod the iohic sp@ies plgdr in dif6r'nl sltslcm' Tb

{d4.lbn ci' is r.duc.d lo cir beNa th' @r 3ufc snd shooB ud 6ar

itrsD4live ol dc forft in whicb it i3 supplicd do$ of lhe 'honiud 
s redn@ m

me r6!hs obtdn€d in 6' ol zirc de in ee'de€ wih {E studv cffidr

ou!, zim @nadr:rio. in wh6r sres wlh dE lid of zHdLinita fenilid M

obour ts@ lhu of qheol rrcM ot lh' smo $ils {ilh oul zn orDlidrons

(H&rbidge €, al, 1936)

The wly d!4. is tD3t f.vounble for tN upt't' be.@ Zn d*rit6 a

pldts haMe (UndNod, 1$r)



T|E GulE obtan.d of bo$ snts !d $mq wgeiabt6 for aaln6i6

indicltes 0w insesinS magtl.3im @nc€nlarlon h6 no eltet id inc@i'g iB

lorcJnr.tr'on n'c r€tun F rhot nr,jn.lunr Lun! tr m.'cro c

a$@iabl. mo@l in lhc soil sd ale supplied lhrcugh $tu From our 6ults

m.€nesium contat ws e.harced it the sepl* tn@ chromium dd zinc ree

applie<t indnidualy ot in lhe fon of coDbinarioB This sh's d[l both ch@hiuh

sd trc hre synsSisdc efdL on d.SBiun aletPdon bv plat! Thus choDud

dd tnc suPpledottiion could have Sood efr@l on the lbsorplion ot mosn's1nm

HoN4r, rhe iaimun niSrt6ilm tbsrprio *s @td€d in sDl6

supploeired al 4lv sbge MagGium c@6hrion gendallv de'line 6 rhe pL't

Cotp€r, Mdsa€se dd Ircn were supplenoled in 6e fod of conb'nlt'oN

(r, 4); (2, 4): (3, 4) cp@livclv. On dre bsis ol our teults i' @ or copp'r

@mbiDlioi (4) is bd fot sun1ffi dxt odbinarion (1) tor wi q vesaa6l6 whil'

in 6e oi nmgsse combidlion (4) is bd ror $e le8elablo of bolh s6oc

Sidllny, in @e of iron @nbitanon (4) is bst lor sm ve*€'!bl6 As rM s6

dlso p6dl in qlilc good ond hish @nenkaliol\ $d'roE ns upllke in w' q

s6o; lesdobl6 wd dilr,Mr Mcrinur iD' @'cdra{ion ws @'ded in lhe

ptlj3re of chromium suppl@Lrtion Th$ ch'oniun hs 
'vndsrstic 

eiTan5 io the

'ne lgpliolion of cu'@nloni'g fenili2eB ro soik

iNoally incress lh. Cu @Mtstion in lbs btdasp

Ovcr.ll in winrq dd sunna YcAchbl's sh@ 6pDs ttd tft wa

suppt@6L4 lh{e nucrn6' ed ion @t6rdnon vG de@ed ftis indicllB

thar rrieh soit on@ftrioro or @pPd or tnc or bolh @ tl$ indue ion and

mer@d d.6ciocv stmproN Coppd dd 
'rc 

re mubtltv @npeliti€ 6 Mlr

s inperitve to ortw .lcronuhisrs d rne 
'urier 

si1es for pldl ool uprak

Gisdale, lt35)



In 6e of winter legetabLs lll. appli@tion of @mbitstion (4) onrlninS Cu

&d Z. del:@€d con@ tlrid of odq melds und.r studt *@pr .lmmiltl\ vnn€

Dt eftccl i. smmd vcgcrtbld wc diferc llul E no d€cr@c ol orher nebls wd

EEFECT OF SEASON

For ompdison plrpGe two v€cel&\6' Spitu@ab@ {A Pottotau'

olera@ w6. 8rcM bo$ in wutcr atd suDftr s€e6 r^ a' ol Sptt6ea'

,/er.dd .omp&ng @nlrcl Esults chomium dd 'MB@' 
@nlc wa high in

sutlr@ *i'it. zn, Cq Mc nd r. @nlol s hish ir wintq Claoniltrl, tnc'

@DFr, ror8t6iM &d nd @ntat3 sR i@ejs'd ir sll lwd veseldles Th6

ind4e is quiie siC ncet sugg€stine $d $nner scsot is ioE suiiaue fot

dlhsci.e rh. @6E of d6c minaat thd winr'r' siniltrlv' 0€ 'Mg.Ge
dtnt oa @tl.ol .6p16 of $mmsr is roo hiAl\ rh't no furiha inc6! @uded

Clin e my inluds plel denltdion 6 prRddct of Zn dc-nciercv in

@ol, {s sosoN h6 bcen ds@iat.d wnh daFsed elubilit of $il zn (Reulet

19?5).

Mel'ls enmuladon in plel depends on tldr
soil, ncLls, soil @ndiion , sarls !.d dvircnlMl

1939).

sp@es, grc$1h stagcs, tv?e of

(Chqs, 1934 ltd Perw,rl|i,

rn w ot I'onulaealenw @npMng @ ol6rlls chromlmalll tror

@nLrt wd hishd in wi s leg.tlbLs, whiL z4 M'! cu atd Ma @le v6

hisnd in sums v€8etlbles Enlscem€nt of clrcniun ed iton mnlenl 
's 

d$

g@ler in winter lhM sllirer sen ftolh't idpona'r fi'dins is lisniiicet

i"*" . a* t6€IEium drl kon onrds dnd supplems dior zirc'

MDslneq @ppq, !d nu€n6im codr€nl vs incr4ed in all s

The r.sulrs sussen $d 6r enhdcins ckodutr\ nael)6id and isn @nlcnls

b61 simltlv for zinq Mdad3q @ppq rnd nugFiun



EFFECT OF VARTETY

DiiIeMt crop sp€i6 h.w dillsent nidonutidt r€quneME just a lhev

do for otlq cl.6sls ud eM vcieid si0trn ! spd6 difer in d'n abiUlt 1o

abolb lrd thnslocd. lhe vsioB Ntiars (Shu@^ 1999)

Plelr silhin die sse spscid v.ry in thon ibihv to lbsorb nulric'ns (MuMn,

r969).

In ou tludy so vdi.tiB of ,t'Ditd+tal4tu locd ard Ldie r@ Srom

in lD sumncr @on lo ob.efle llE ninslls tbsolplion splbilnv' Tbe culls

obtain d snos Od 3d. plsl wilh ditf.r61 tddi6 hE diff'Hn r'ndo'v dlt

opani[ty b simile tl* dineiL Th. UBrior rov"d! supplmLd hi'6ds

ws difr@l, suct d iM€so id chtoniun @noontralion wa 
'ealv 

sq bll n

6e or l@d vs€ty ifle& o.dt d rtE chrcflu supplm6tcd in $e fom or

@nbiMlion (1) ed in @ of lndhn vdi.tv i'ct6e oeM'd wh6€ clrredi@

llpplmol€d indivitually (9) IF slre l.ndsv w6 obw'd lo' dl eleLd

.l.m4ts aefl m4lln*

EFFRCTOF PLA TPARTS

In 6c of R4Praet{anB hd sdsi@+ar'a nuch tdialion in din*tl

6nlgt b.tBq roots and lqv6 B ohered lnnAp"sr_sallws ondtra[on of

Cr, zq Cq sd Fe wd rd.ined tow ts lew's of @nFol smDlt bul and

slpd@.djd bori @t erd lov4 c<,@ ra|lo' @ qh'ft'd dnost to dP @e

lelel. Th. M8 @@tadon in rool sd lew.s of @nuol ed supDls@ted smpl6

llmined. Bdue nDgn6ium is pln or drtoophvll lh' srdr Pishdl in tlsb'
grs le.ly wS.rabls d€ rich in r[!n6ium (Food Md N nton Board 20ol)

similslt, in,turie{aPa okrl'llion o' cr, zn, Mt! cu' M4 lld F @

hiStd in lciv6 th@ r@r in 6ttol slnpte Aner Npplddtalon wnh th's'

niMl5, Mi'M cbresim @i6r obsed w dr' !'* ir @tl dd larcs'

wnib Zt\ Cu sd Fe nannB @ntenB obsflen s' hislcr i' ldves Thsefot' i1 is

su8€e.tod lhll l6s *hach tuv p6dc do mt utilirc' should nol be di@d'd bcitrl

8ood eue of oinelk



Tfit CONCENTR,{TION OF Ci
VOCE ABLI] I]NDER STUDY
NUTRITIONAL ROLE ON THE

Zn. Mr, Co, M! AND Fe lN E Ctl
AND TITDIR TIIERAPf,UIIC AND
D SIS OT R'CCOMMENDED D ILY

Ttc @onmaded doily dloffiG ecoblish€d for Cr, 24 Mn, Cu, Mg dd
r. hale bd gilo in (Iable l.II (Tahle I 2) ; (Table 1.4)i Gdl. 1.6) ; Oalle L8) i
lld G.ble Lro) Bpetilely. Whil. tolsoble upp.r inbk l.rclofzll, Mtr. Cu. M8

lrd Fe h!v. b6 givd in Glble L3): CralGl.5)i Grbl. L7), ('rabk L9) ed (Table

1 l l) Bp.dively (chEpt6-l ).

Tle vegetlbls udq sludy hove bM eruded on rhe b6is of ndimun dd
rorl i!c@ in th. @cdEarion of Cr, ZrL M! Cq Mg &d Fe rn @ of eh
v.g€lable, conpaison h6 ban hade wilh r6p€.1 to enFol smplc indiqtins

difeq@ od sLr of @ni.ibulion i. @nneded ddly allowee (r(D A\D

NUmroN Bo^n-l) 200D oa rhee cldents wilh dd rnhour suppled6raion Aho

vea!.,b16 haw b€ ened a Ci6d @ntribudng sour@ in lhc hatned of diale16 on

Inc bais oa highe. conlors of Cr, Zn, Mg lJld coppq, whicn u. rcporLd

h}?o8lreojc llfnls dd @ b. pevid€d in ler ming sirc or @ncqftl8I.n fom to

funll $e r.quiEd most belpfll in fte mDlgnenr oa di!be!6 Asumins $rt single

$Rha of l00gm fr6n v.gdrbl. will harc d arca8e ot 90 % @irlurc r,xl l0 8@

CHROMIUM IN \YINTER  ND SUMMER VICF,TAALES

The avsose dier.ry Cr intale s@s b nu.tute eNiderably mong

@untri6 ln nuy devclopirg @uri6 drerary idal is hi8[ frob 50100

itcrcCrbs pq d!, wh.r.d in daeloD.i coMrri6, Nch a Finldd, Ss.da,
swilalarA and 0E US, !vq!g. jnbre i5 50 ml@s!@ pd day or lows ed
@Nequ.nlly al or below lh€ srimlad safe ed rdc4une d.iy dierary i a.te

(ESADDI) rms€ ol5C20O nicbgrm pd d'y rndhlishod by rbo Noloool A@deny

olsdeM (Kuhpulaino! 199)

The .tromih r@me.de! daily dlovecd in c6e of hdles od lfl!16
rsgq i.fers (0.2-5.5@g/day), childra (r l -2smElday), adoleeir (Mat.:

I65



35hc3/d!x Fmd.: 24ftsldry), ldulls (Mal€r 30 - 35 tuC/dax F.mdq 20-

25hq3/d!y), pEendcy (29-30 n&Elddy) ed inc@ing ddld in 3!3. of
brdtfe€dirg (aaas n€/d.y) Gabh L I )

llE dlE c@iribliio. of doni@ by aint€ E8.r.DLr.ft r 3lpDrMtariotr

ln winlq v.g.1abl6 rotnl ine€& i, chrcnim dsl.arion nillislu ps Kilosrs
d.y w.ieltt b6h h6 bd shom in tte odet (Potulamleruca 44> spimcza-

otua@2o> Br6tie+aP P@ll l8>rdr,@,eF ts!616 > '(lliu a^iw t4
> Etdsit@ahPahit-w-erw 12> Tttgde4a-lohun-gtaeuhro > naph@u!

srkr lsv.s @d Rmrs 6) Gabl. I b nd Figd. ltsl)

Foh dE cdts dm obrlincd in 6e ol @nnol sm/6 lh. Cr @@r.non
is loo eeod lhrl one seri.g of 100 8.e liesh smple @ fulfill lhe dlily r.quiEn.nl
ol ddr nrldfdbd.. B@s. dt soil u.€d ror dpsinBll purpose w6 .d€r ued

ror dsri.ulllr.l p!.p6e dd hod so.<l onenLalion ol tlis .l€mst

h supplmnr€d spl6, rh. sple wirlt Io@i @n@lr.lion of clronim
is Raphonut-snw R.ots 14 nillisrd p€r KIog@ o. 14000 niqogrd pq
Kib3@ dry sishl 6sG (Ilble I!) while in 6ntol serl6 only M spl6 e
abov€ thls @Mntrdion Th6 only rh@ sdpl6 @ hav€ sood o nbndo. in

drabelg on IE b6i, of chbmim @ntol in dtrol 3dd6 F on rhe suptlenaned

veg.rablo Buh n is i.tercd thrr l,odulaealqa@,'pltu@alqa@, f sqclla-
loaws@a ansi@qF &aE od rav$ , ,1uibetitu , D6sica-
empcst^-var tuw ue thehBt $urce oa chroniun md cM pbvid€ (h. requisne

mninu mout of2oomcg ofdrcniun in $. mlE3eman ol diab€r6 by r.lins
smrll sedins siB oflhese vegellhle, lhoush ltapl-tr,lMn s trav6 Md Roor!

e al$ good sor. ofchromi@

Anong winter res.rrbla, k!ry v.8ctzbl6 PqtulaaalfuM .nA Spi@c@-

oroa.e (Fi8ud lo-l) shosed rhen s@t lmniry for o\toni@ upt ke ed oltd be

@rsderEd 6 a Sood stributing so@e in tne diab6l6 n@ghql. Vegernbt6,

6p.cially lcr4 vegeh6l6, aeunule hisher mod ofheavy meuts b@6. of
li. racr rh.r fiey rbsod rh6. erols in rhcir l6i6 (Sh.mo sd (mat, t936).



Tb. qin o ribnrio. of .lrmDiM Dy Dm v.g.qtks .tt r

In summr v.gqabl6 rord inc@c in chromirn q@r6tion siliArm pr
Kilogffi dry ei8h! bais ob@ed in tE oldet Monordte4har@ ti tO>

SpinM4lta@ 90> Htbttus4wlentus loai rdi.ty34> ibisdsasate"s
Indie v&iery24> Lufi, aa@g,ta 14> Pottotaqateruce 12> &)ttW-
u de8@ 4 Grble 2b .{t Fisu. 2b.t ).

The .hronium conl€nl abseF.d in @nrol smDt6 ot sundei v.g.llbte k
ate quir. go.L 8cepr sol\M|oa8tu 3 nyKC dry weiBhr tuis &d ldb
@tugula in *'nio! .o chDnium dete.le<t. In $mer v.Serabtes t?,race,-
otercM. MoDbrrt@'harcnlia, Eibise'4rcut.ntos to.nl riEry, tlibitur
$tutc"rut lndis \ai.ty, Po tla@aletutu w he coBidq.n s 1he ben source

ar'JlL bth a@tanAzld dA SolaM-net@g@ s eood solre of crronjm
Mot6r6, Spt@4lqM $d Mowfuli@alsranna vith s\ch hiah ctuomi,rn

conidr d pray @rc ihpotu. rcI. in lh. iralrnnt ofdilb.r6 bt r3t ing very smdr

@ur of lhe veacbbl6.

Claohim (Cd dcnciorcy is ! .Nariv. rabr ror NIDDM, pbduine

srmttons inclnding faliog h}?.rglyc@is, inp.ir€d glu@ lolqdce, de@cd
irodin bintli.s aad t@rlor nurnb$, de@ed HDL, od indear.d roLl chol€rcbl

and ldsly@ddG ( Ahddson, 1995).

Icumcient dielary inule of Cr lelds to sisns sd slmptoN thar e simile
lo 0Fse obcsitd for dia!.16 and @dbvsds dis6B, M&y ctroniun dicr&y

supplnenl! e cu@tly lvailable ro ollovide thir deficiocy (sl@, l9tj).

Thc turnl Md ulbs popuhtions in ka4 rse b@d hade fom bsby nou, tor
the h@8.m.i't of diob.lcs ftllitB &rndi t99I ). ThG obsvadon led chdin &d
NaisDin io i.vBligat de effeB ol bdley on diabeic .!r. Thcy romd rtr1 rar, ted

wilh bdley hrd coNideoble lower elx@so co.cf,rrdion fim those vhich djd nol

l4ive b.tlt. Amlrsis of dE vdio6 @Brituo j of 6dl.y dat.d irs hish @ olr
of o\roniun @.toinins l0 lin6s s nuch bew.r s ye6r, torerry betieved b b. $e



rich*t nrtuml eur.. ol clmmiun ricolimtc (scluocddq, I 2)Onein sd
Naisnith @ncludcd 0ur lh. bsEiici.l proDdrie of lnAi barley han rBide in its

nigh contebl or chroniud Experiftmld chromium defici.ncy in 6rs lads lo

dinidshed duos lol@. ad oentuallt b a dare @rtlilg diald6 ellitE

Chrcni@ .pp4 !o ah!@ th€ &ti6 ofiN in and cltronim deficincy

ha 6ult d ir inp8ired ghos idd|lc Chrotuun iGullrciqry n6 b.@
hrloiheizrd to bo . @.ribulins fdor to 0E dd.lopmr of Trre2 diob.t6 (Food

8d Nltririon Bodd 2O0l md J€jsbhoy, 1999),

ZINC IN WINTEf, AND SUMMER VEGf,TABLES

The zinc r&om6ded daily dlowdB in 6e of moles ed femles rd!6:
inrdts (2-3nelday), cnildm (3{ms/day), adol@r (Male: I lng/day, Fcm.de:

9r€/d!y), odul6 (Mtlq ll ms/doy, Femold 3nCd.y), presMcy (11-12 ng/d!y)

$d heN{€eding ( 12-13 n&/d!, Crdle L2).

ToleDbl€ upp.r i al6 l*l (UL) for zinc is: irfsts (4-5dgdoy), chjldm (7-

23 hg/dry), adolesdl (3ang/d.y), ldda (408g/dry) Oall€ L3)

It4 drE .dtribrrior of z.c b! rinrd wg.a.bl6 .tu. luptlodhlnr

ln winr.r rcs.ltbls rod i..t!e in zirc c.i@irdi@ ailligre ps
Kiloeh dry sei8bt bais obs@ed in the otdet ol Portulae4letaM 22a>

Irig@ela-hatutugtuM e4> Erusiaaw R@E 6a> sptuMataaw 66>

Btussin-np L*B 64'- Radbnus4atlws R@E 62> naqhdart4alvt l4tr6
44> BtNt@anpaEitw-w,30> ,rrtuFralw 28. Glbb rb md FiguE

Ib-2)

Th. clrn cortribudo. ofzrc by !trnmcr llg.trht6 !fr.. lupptdorrtior:

in re6e in zirc concmlrarion nilligrm ptr

i^ ttg otd6 .t ViNMald@ 2J6>

Solanrtunal@gatu ro8> tuna aetakguta
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In smmer re3.lobl6 rotal

Ktoge dry wiShr bais ot*Red
ltirl,we{s.r/crtor Indie vdi€ryl l0>



lc4> Porttbe4lfu@ 62> l"4oaodi@-.!Bmth 52> Hibttua4Nl@tw loc.l

vaiely 36 Grbl. 2b rnd Figur. 2b-2)

From $e ahov€ r6ul! of winid dd sumd v.ge1abl6 showing

signifc&l iu6e of ?inc rns $lDletmt.tiq, il t obvioB th.r lhe n w rhe

capdbility ro !@nuhL zirc in nbhlr concerarion povid.d lh. $il trc enlar ir
high. Th. Minm dlily lgmnE dod r.qui@r of ntu in @ of .d!tl m.tc &d
f.m!1. is ll ed 3 millielm pe ddy eDelirely which tr b. @ily tulfilled by

tilj.g l.$€r mou,n of lns. v%Flabl6 dlt€r supDlemqbrion. The inc.6e is nor

l@ n*h hish lo po$ .ny h.tlrh h&rd pFbld in rcmd idiridtr Is lad wuld
dso b€ bdeficid for diab4ic individuals lo s€t @oMble @ui of zinc daily by

@Mins l6s @@t olths wgdanl6.

Zinc play! r ole in d. synlhcsis of insdin by Da@ric bda @lk
(Endi4 er ,l 1930) ed in rh. &liotr of iNulin d th€ elluta. lewl (A.qujtl4 r, al,

19?8 ad Heringlo4 1985).

Zirc sutpldo1.rid t!d@s hlood sucd in di!6.ri6 (OuDb R, 193:
AndeGon RA, d, a/, 2mr; tujino, 4 at, 2oo2i sotl|',.t at, 2o03j Ro6d sr 

"/,
2m3)

Dilbeli6 onen hve inpojred imme luction (h4ia6ting s ircicEed

sucepribili9 to inl€lio.), *ti.h roy b. du. in Da.l to zirc defici.ncy

Adninistr.tion of zi( 10 diab.iic !.tig . hcl!@ n\. T jrhphocrt repoNc ro
phFo h.m rcgluti.in (a n.6urc of imd.{ysr€n f@tion) (Niosoebrer CB. ei a.r,

lq6) aft dlo pla$ a mdd rcle in sud hcding whici is alrcmd in nmy

M NCANFsE IN WIN'IER AND ST'MMER VEGETAALFS

Tfic mugm& ftcohtrudcd dtty !tto@6 in @ oanrtos rnd rmol6
hg6l infe& (0.00346n9/ddy), cnildM (M.ler 1.2-l.9ng/dax Fenal.: t.2"

l6Egdly} ldolBcent (Mole 2.2nslday, Id!r€: l.6oE/dry). rdurrs (Mate:



2 3n8/dat F6ulo l3n8/d.y), presnecy all age (2.0n9/day) dd also

bredlfedinr all aB6 (2.6 m8/day) Crlbb I a)

Toleobl€ upps inl.te l€v.l ((tL) fo. ndgd@ is: infe$s (Nor

p6ibl€ ro 6la!lish), cbjld@ (2{r€/day), adolMl (9hg/day) !d adulrs

Th. qt6 obtributlor ol Mogese by dnrer wa€tlbt r rtr.r luppl@hdon

In wi.ar vcgellu6lolal inclte in @Gol@ @|Mlnlion nillig@ !d
K ogu dry weisht bais ob@ed in the o'd6 ot spttutuattoc@ 12> Bwt@-
anptsasweso,22> Putoliaalere 20> 7'nAmlta-l6dtn B@ud t0>
,41l!r{alwu 4 (Iable lb !'d Figu@ tF!)

Thc ule onribodon of M.rgrre 6t $nnd wsct b|g .ncr

In sut]rer vca€&bl6 rolal ins6. in
(iloerm dry wciehl basir obssed in

Puttlae-olM > HlbE$<!tul.ntu
Soh"uu'@lonCtu sn Hb i scutardl.k fia
2Vt).

.d8'me @@.tt!tid nilli8rd po
rh. oidt MonndliM4h4r tk t2>
hrijio vti.r'J v> bfu aebngttd
Iocd rdiery l0 (T$le 2b 8nd Figurc

Th. B'rb obtained in ce ol boih ei .. sd sumtu v.sel.!16 e in sar€

lihit M&8!m. toxicity cdtirg from foods alone h6 nor bq eponed in bwei
.rcn rhough ql.in vegetrid diots ould povid. !p !o 20 ms/d.y of tusese
(Food ard Nunirio. Bodd 2ml dd Kd t99a).

N.iths t5 na mr 3o mg of ml @gM6. inpEved AIu6s iol@ in
diab.tj6 or Don-di$etic @nlols vnd givd ar rhe s@ rime s d ont shcose
cndhge (Wdls, Aola l9l) Alrhougt Ms&6e arp6 b ptay a ol. in st!@s
netlbolisn, th€@ h lirde evido@ rl[1 ndgoese supplmorllion impovs gluose

ld@@ in diahic orrcn-diabelic individusts.
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COPIER IN WINTER AND SUMMER ITGf,TAXLES

The @Dps lqmaded daly dlo@c6 in c6e oa nol.s &d l.nrl*
res6;'nfdlJ (200-220m.Eldat), childrd (34o-700@g/day). .dol@t
(89omcg/day), dddls (t00dcellay), presMcy .ll les Oomms/doy) md also

brdf.€ditrg all €6 (r30o hcs/day) (r.bl. I 6)

Tol.dle uprd inrrt. lev.l (UL) fo. IMg.He itr ina@rs (Not posible to

.srauish), drild@ (l,000,5momcg/d4r), .!tol6@it 6i00()mcc/day) dd odulls

(loPoome/dry) Glble 1.?),

It€ .rlE .orlribulion of CopD.r Dy rinter rtgct.nl6 .fic. llppl@olrtion

In winl4 vcg.labl* lohl inc@o in @pp6r @norntion nilliSrd p.r Klond
dry si8nt b6is wa an rh. ord6 of tiaphM-sttw lav6 32> Repldreettw
nto1624> Ponut a'letM a> A8sie4ap lt*es 6> Bfr$ta+apaRoott. nd
,r/rtr,-s,i,,, a Goble lbmd FislE rM)

Ix..nn.o ribliio. orCoDD.r Dy NlMs v.gctrbl6 dr.. ruppLndtden

In summd v€getalles tolal incr{so in coppe. @ndtation milligtu pet

Kilosrm dry Mishr bcis obsd.d in t* oda ot LlotutdiMha@tta 40> ttfu
a@tunAub ud Pqtuld@4lt@ 20> Sa|rumaelonAfu 12> SpLv@.laruM
a> Hlbtwa@lqtot r6d wiefy ed lltbite@16tu ridie wiay 6 CTalL

atmg vnt6 verc1lbl6 only.tr.?r'd,s-kr4r (@vcs &d iools), whire in

'nrct vee.tnbbs M@qdiq4turunna, LuSt detuguh, Po utae4l@@a nd
tuL!,tM.Io.am 4$*4 nerinc&n itra€e in @pFr st r . All thc 6!115 @
in sale lihit. By @Buhing 200 or 250 gm of $e eid v.Selabl6 in fr6h fom @
6ily fulfiU d.jly Gqui@ats of dilt@.t see ErouF of hu@ bdngs

Two ndo volunL!6 who oBuncd I @nrbllci inr.lo oa o?-0.3 m3 oa

@ppa pd d.y lor 5{ @!nhs hld irc@Fd (M@hr, dr al 2002) glu@se levels
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dairg r glucos! tole@ lest Tte l.v.ls r.r@ed low!.d lomrl aR.. ldcquaL

!mul! oI @!p€r q@ Esiored b lhe diel (Klevoy, e, al 1933).

of 6 ms/dry ol coppe inpov.n
m deficieil in @ppa (Ka!x .r

foud lhd thos vilh poetaiv.
in urine dd hld lo@ l6veh in

In two oln.r volunte€q administrnlion

gucos. rdtu $g86tin8 |har {pir usuol di.l

A srudy itr p.tjdts *irh lTe 2 di.!e&s

lidney dis@ exc@ted ni8hsr levels of @ppq

Dlad lhd potiaB wilh 16 sio6 dG@ gro,

MACNESruM IN WINTER AND SUMMER VTCETABLES

The nognsium @ommddsd dlily ollowe@s in .se ol natcs @d f6ot6
E g6j inf&ns (3c?5m8/day), childto (Mrle 80-2aorng/day), adot@ (Male:

4longftlay, F.malq 36ooyd!y), adults (Mrlei 420n8/d!y, Ftule: 32onddry),
p&sun y o50-4o0n8/dsy) dd d5o b@rfedinS G 10-360 !'s/d!y) oatre r.3)

Tn. dtE contrtbrrion ol M.gnciM by wintcr v€C.t bt6 att.

Toleoble uppd int*e l.vel (UL) for dsgrFium nj infdrs CNoi

pdiblc !o 6r!bli5h), dild@ (65-350n8/day), ldot6ql (350ae/day), lddls

rn wi 6 veaehlt* 1or'l ietq* in magBtn @n6ln!o!
hilligh ps KiloBrb dry w€ight bsis ob6en.d w6 in tho otd.t .t polulae-
olw 94{o> Spluealenea r72O> Bt@iasntxtnh-wL@ 424>

fiadc a-fotuun-gaceuh 256> llaphdh\-tutttu ra@E 2t2> Alhua-iliwh \16

Cr.bl. lbrnd FisuE lU5).
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Tbc qrE .or.ibudon ol M4ftrium by snnnd rtg.trblq .tlcr

In s!me. vegetlbl.s tor.l incr*. in mlg6ium @tudrarion hilugM
pd Kjloa@ dry eigh bais obsswd in ft odq ol S/tu@alw AaOO>

Ltna etbte"ld 962> Pdtub@aletu@ 660> Htbiweaelnae Indid ldiely
6Oa> Htbhtut+rututot lo.d rai(,y 4A6> MMtdie<Jtunatta t16> Solu n-
relo,aerc 134 Goble l2b ud ri8uro 2b-5).

Mllrsium is a nafio eleh.nl dd Equircd i. lrser @ut. Th. rsults

ohain d @ nol eugh good io pbvide 'dimn @@r of nrgn6iun Npt
Pontttu4lme ud SpiM@{/.h.da wirh relaiilely hieh @ncdraio4 Thus

thd s.id rm plmr @ phy impond rolc in diobet6 ru€€oMr ud dso in orhd

Diehry trugnsiun suDpl.mdt3 (400 npkiry) Me loud lo inpov. glu@s.

toletu@ in eld€rlt individuds (Pmliso, 1993). P6qtly, th€rc is linl. scientinc

aid@ supporring roulinc nosrBiun 3uppldn rt tion fo. diab.tis. lio@a, a

rew srodies suge6t dur @tr€cdq Msrciun d€pleioo in €lde y dd diah.dc

individtrds may imp@ve BI@e id@e

I. . da{.dion.l nudy of e@ ds 6p00 mnniabelic adrls in lhe U.K,
lhose wi(n hilhc rrun dd vc8ellblc inrdos hdd sig.ificatlt lows lerels of
glycosyla,td hsm8lobin olbA'c), a n6uF of lons:Lm blood Cl@e @trol (
Ssg@t, 200r).  hhough rhc ruldioBhips bcr\@ lruir ud v.!et$lc inralc md

di.b.t6 @!ir to be cldifi.d, po$ible @mpod& in auiE .nrl v.ga.bb lnor n.y
enhs@ glu@se @naol includo fiber !d n!€D6iun (Meyor, 2000).

Induction ol ! hrlonagn6nt skle in nrs is kmM lo sienifi6rly ddcse
$Bnivny b iGulin vta d dr6!1io. d rhe iButin GerroFecid.d l}@sine

kit@ Suppl@onbrion wi$ na8nsiuD hs bd shoh ro dehy rbe dcvetopnsl
of 9?e2 oM in oxpqi@nlal dimal mod.li. Erly studi* denonnr ed d i.ve6e
rehrichip b€tws ph6m dgnaiun ld.ls &d fsring blood gh6e levdls in

iBulin{r@red pali.nLs wilh diaber* (McNdi., t932).
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A re@nt nma4 plMbe@ntrolled study by (D6vrlk lt98) qoned on lh.
.ret or slpple|m&l @gn6ium (15 mmvdly aor 3 mmlhs) i. 50 p.lidt wrh

t e2 DM vho r.qlied iBulir Wh'le plam nog.siun ed uindy nos@siDn

6xcEl'or ircr6ed wilh @grcsiun rhenpr, odE puaEle6 @ured olbAlc,
blood glu@s., lipi{b) fsiled ro danee

Ho*cv(, rh@ B a slishr Educrion in dislolic blood ptE$@ in lllo$
Dlliots qperi@ilg in @d in plstod ntgnrsih. Alrhouch ! 

'€duced 
rd@o of

'B'rl 
n ha bd Eporrcd ir individuals with anprohis.d nasn6i@ skrus msr ot

lhe foc6 on hrgneiun suppldhrrlion in DM noN involv6 
'nl6est 

in preventinC

lons-t m @mplicllio6. Mas.esiun de6ci.ncy hs bq asocio!.d $irh
hnen Bio'! dyslipid@ja dd rdinoprihy, (Sectrg ,1939) dtt @hmon io Dr,r

S.lM mrg.6iuD @n€rrcios *w sigflfitully low in a goup of 56

diDbeho lhin in h@l$) m.trcls (Cq'ello, c, 11 1932r H)pomEn$cmi! E nore
prontuced in irdividu.ls wirh diab.tic retepalrt (McNaj, P, d, dt 1973) or @di&
@mplidioN (wd-ae& c,4/, 1937) rld i. dioberis wilhoul sud @npliorioB.
Pod @ntul or diabeta @ on6 &ci.r.d qirh loy 3.tun Ddgffiium (vdoelo\
.i a/. l98JlllbAlc l4cb ondnod sisnifi@dy M$ Ms @n@ralio6 in Dbsft'\
n6cle, old mohonncl.& @Us (SjoBrc4 sr al 1936).

Masneim ddddcy l$ d$ bq rornd to bo coioo. h childro *ith
ty?e-l diaber6 (Fon, dral 1936). ThE r.duc€d @.€.odi@ of egrBilo s. in

drndiB .pp6 ro suh in pan frcm hclscd unn$y nugMjud €e€rions
(En.^i, et at,1942, rn additio\ rhc amnM dier rmds lo b. low in hasn6i@.
Diebry s!ryqs hav. shoM dlr 80-35 f Aftri@ wnq @6me t6 lhe $.
RruhD@d€d Dietary Allowe@ (RDA) fo. lnis minerot (Mor8d\ er dl 1985).Daily

nagnosiun !nt.&€ i. tso olh€r lrudi6 wc only rbour rrclhirds of$. RDA (t.lsh
nauA era1, 1934 !d Snvqhv4 rral 1973)

In a doublcblind study of 12 @. dialclic elderrt i.dividuats" maeft,iud
slpplodent non M foud to inprove lbe s@ion ed action of jGulin (p&ti.so, ?r



ar,1992). ln addino4 a coBid@ble body of evide@ indiols $ot rEgnesiun c{n

pddr qrdjo@ula dise, for sjrich dbberiB e ar in@aed tisk (Ca!y, ltta)

Mle6im $pplddlltion ha b.€n found lo inpov€ iBulin saidity dd
iroulin ser.lon in pari€nls Nilh T}?e2 diabeB (D. VdtL 1999) M|gn6iuh
delici6ncy hs bed 6si$ed wirh ireulin resisr.re ed over alt poor diabcric

dlrol ireldsly indiridlrls who u€ bordcrli@ disbdic (T6i€llo, te96). Anwq
study h6 fourd th.r a grcup ofp46 with t}!e I diab.l6 hld ins!fiicidt levet of
ir68D6iu diday ini& (Durhulr dr al 200D. ltL dudy rl$ found 0!r
ndgrcsiun supplensddion in rhes sMe palienls ted lo reduced iBulinaihulaGd
guose uptaL. t w s.@ laels oI @gBfun haw .te ba rouid io b.
ssocirred whh @dpli€lions oa type2 di.beres, slch ds rfie dcvcloDmol of foor

Signifiern @id6e hr ba foud rl'ar mr€!6ium 
'anle 

is jisnifio'ly
Gscrlr€d *irn ! educ€d risk of d.v€lopins diob.t6 (!.p.4 dr a/ 2004) A now

sddy of o@ Eigh mn6 toud (h:n nsgBib supDlerMrdi@ sisnmdity
r.ducd !h. rist of delelopi.s diab.tes (Song Y, ,r at 2004). rn . @onr study of
pali4c Mth diab.tB drd rhoF withoul de dis@ foud rhar d. diab.dc pari.ors

h.d lowd llv€ls of nnsn6iun in l|li€ blood sd ihd nEgBrn suppret@Bnon
sbbilircd blood iugs revck in rhos Mrh dilde (Lot, ,r./, 2OOj). Th!5.
d!8BOn supplmhrion nuy b. a idpoisn onpoFr of rhe ovqal lraubdl

IRON IN WINTER AND SUMMER I/ECETA'LES

fte ion rsn1@ded daily altowdB i.6e of mal6 dd temd6 tuC6;
inrdb (0.27-llmelday), childro (?Jong/day), adoldent (Malg I tng/day,
Fodlq lsme/day), adulE (Mal.j 8r's/day. Fe@].: rsns/day), presnecy aI aB6
(27deldry) ed b@rfeedirs (9-10 ms/day) (Tabt. I lo)
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Tolenble upper iillt6 level (!L) for iron isr inldls CNol possible to

6rablish), child@ (ao'bc/&y), add66r (45o8/dar).d lddb (asnB/day) (r.b|.
l l l).

Th. dta .oniribulion of Ie. bt *tntd wg.t bl6 tn r $ppld6lrilo.

In widd rcg€t bl6 rolll inas. in ion @notrdion nillisM ps
Kilogrm dry wighr b6i5 ob3edod M iD tho ord( of Porrla@ilvae6a4>
Tt)ANUa-lM-aM sto> Spi8@ahtuM 314> Btu$iaropo Rnots

raa> tuastcd-tup l$a 12> 
'/l/!,-&rwn 

3 (lable I b rnd Figu€ I b4)
Tbcdta@aribulidolfmrtysmdsg.bbl6.tt rllp0lndt tio.

In su.1@ v.gt[bl6 lorl inote in ircn @n6tdion nilligm ps
Kirogm dry weishr bsis loed M in lhe ordor ot Spjtucadiletuce rr42:>

ltlotutlt@alQrMtia 504> Bbiwanlqtot loal rdi(ly aa> kluw
uelohgw 56> Potttltuolqa@ 24> Itibh&s4wlhh6 hdia ruiay 20 ('rfiie

Among winl.r and sM vesatbls Spt@@lerum atd Portolae
olefa@ d.0E b6l eu@ ofircn. IhB hq4.d io. coded @ @npqEalc for

lhe l6s biotrv.il$ility ofrht eleo.nl frcft rhesc Dldll. Sisnitcdt incc& M ols
l@f,ld in olhlr vegaru6 *epr ,{/rz{ariw .

Mon of lh. symptoN of ibn deici.ncy e . Guk of lh. e.id.d mdi.,
ed my incl o |!tigue, tupid he,n rale, polDitlrio.s, ud ropid bM$ing on

q.n,o! Ien deidacr iDpain 
'lhlarc 

prfolrl!@ !,i plrsic.l \wt epeily in

sev.d ways In kon dd.icrcy ecni4 $e rdued hfloglobir mnlsr of red blood

cdk culs in d6@ed oxyc.n delivqy ro *rirc ii$!6 D@s€d oyoglobin

levok in nuscle @Us limit th. Mornt of or*en lhdr @ b€ d.tiv@d to

nilocho tria for oxiddiv. reblolisn. Ion d@l.tio. also delgg ln. ond.iv.
c.p&ity ol husle by diminkhin! |n0 mirochondrioi @ntem of ctrocl|bfts !d
orh.r i@-d.pard6t srym6 ..quir.d for .lea6n raporl .ql ATP s9lh6is.
redc eid p'ldu.don is dl$ inqq.d i. ton den.ienc, (B@d, 20ot ).



The dilny to mi.t.in a nonnal body &npchtoE on sDosuE b old is de
in!.ircd in id{.flciol iodiiduds. S.vse non deft idcy eenia may r6u]1 in

brill1. ed spon{hlped dils, er6.l1h. com.G ol rh. Dod\ r3sc bld arophy.

aid r so,t iongu.. In som aaX ?dreced non-defi.ietuy eenid my qlse
diffcuity in lqrllowi.c du. ro lh. rom.tio. of w.bs of n$!. i. rh! rhro.r !d
ephrgu. na developtut of €soph.€!.|Neb6t .l5o t oM a nul11fu,Vien
syndone mly requie a S.netic pr.dispo3ition i. lddirion io no, defcio.y. Pic.r, !
U'lvionl dbnnta@ .,titscnr€d by lh. oEuhprion ol noD-f@d iletrq @y be r
srDp0on ed d c&e of non denci@y,(L*, 1999)

F om thc pscnt stud, il cu be con lud.d th!| by ch$sins rhe $il
niEqls qvi@.rE|n tn upblr. oa E{uir.il bircEl ont d of vcg€taucs, pedE r
could be dhMced The @ximun mine.als absoetion Md i,aese w6 @ir6led
by rcg@bl.s ar fi.n suppldaddion sba€. SuM.r son tmrin d noe fovorlbte

on lbe bais of pqcml ins*e of mturals dd M er s*o.. Soil tr?e, se.rl
erats and plrt vdidy have impond €Iled on pl&l ni.6ls .bsoDrron. Tnus il is

po$ibl€ thd with &me orne soil tDe ud saonol @ndilioB de hd1er r6drs could

be achietd. Th. plgl 5tudy hd b.a Bpdiaily @r&t€d virh dia[.r6
@agd4l/@trol on tlE bai. of prcvision ol ohdc€d l€v€l of binetds deush
rtg.loblB, which @ plny inpon! @1. in diab.t6 dd dso in otl'q deiddy
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