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SUMMARY 

SUMMARY
 
T here has been a recenI renewed interest in food A numbel of foods have been fortified with 

fortiication. largelv because ii is generillI vitamin A in dCvClopiig countries. On-ging for
recognized as being the most cffecti\c wa\ to til'ication prograros comprise sug'ar andelinlinate dicetrx nicroriutnritn deficiernciesex.- irionosodjiri ghllLianiate (NIS( ). Successful field tri

ciatl V"here iic, onurient nlIt i-mixCs can bused,. ls L,\C been conipleted using 10holC wheal. rice 
In addit., 'orlificaMin i, ,o'.iallv acceptable, re- and tea. Fortifi,:d oil has proCn xIable in the 
quires no cl,,e in food iabit:,, does :.) chance the laborator\ but fie ttials hax C,c to be tundCrtaken. 
charLctCristics of'the food, can be itroducCd luick - Foods fortified w.ith roi include x hreat lhour, corn 
Iv, has readCiy,'isible IMICrCtS. .ai be LeaIIv en- flour, _,Idrice. hron-fortified ran/'emeal.sugar. salt, 
forced, is relatively eas, ,o monitor is the chcapet reconstituted low, fatImilk. biscuits, fish sauce, and 
intervention for a g-'CorniCnt, and is sustainale. curry powCder Iha eCunderC11 field trials but their 
The most widespread IIicrormutrient dfCicienciCs arC fortificatio; haS not been undertaken on a latnce 
vitamin A. iron. and iodine. hence nrc focus has been scale. Salt is the iost colmlion food to be fort fied 
on these three niurierits. with iodinc. Brick tea is also l'ortified \with iodime,The challenLC, howe,,er, to fb;tift irn foods in ard sugar has been fortilied under laboratory cotr

developing countries, is to find both suitable l'ood ditioris. Vitaniiru-rnirieral tulti mixes added to 
vehicles and appropriate illicronutrient coHIp9ip1)IdS. wheat flour ha, Csuccessfullv c Ir(pleted fieh I'rialS. 
The nicroriutrients rust remain stable arnd bioloci- l)ouble fortification of IS(1 with1itaIrin A andi 
cally available alter beiliadded to the IOod xchicle. itoi, and salt with iron ind iodine are currently 
durig,, stora:,. aid dtrririg normal food prepLaration und01ergoing laboratory testing. ('rr1 arid VelClt 
procedures. Pure vitarnlin A and carotenOtid struc- batsCd blended foods pv, ided thro.gh PI. 48) Title 
tures are unstable if] the pr0sencc of oxygen or air II pritriin.rourtinelV ircorpor ate vitariin-ritieral 
or when exposed to urhIra-violht lilht. The addition niultirnixes. 
of anti-oxidants arid control of ox,,'gCi exposure, Qural itVissrrarice Is CSSCtiLtl to dev'loping ar 
however. allows f'or their use in food processing effective, practical. and ecorioriical lortificatioi 
procedures. The "ioavailability of iron, and the progranI because it gt'LrrrtCCSthlt 1't0d vehicles are 
presence (,Iht'i absorption enhancers or inhibitors both properly fortified and deliv,-red to coti ;urners 
in food, determie which foods can be ftortilied and at the requrired level of pcterc aird Iual itV. Unless 
which iron ftortificarrt can be used. Processiig arid rnarlu facturing cexecutiyes and the governmnt 
storage conditiirs are also i riportarit since the agencics invol ved iII f.)od rcgu lation cornnliit them
solubility of" iron fortificants is related to storage selves to quality assur-a'icC. it is unlikely that the 
time and inlltences ie deve lopment of off-flavors, goals of food fort i ication Will be ,net. PrO'rani 
-odors and-colo,s. The solubilit' of iodine corn- goal,, however, ILust be clCar!yv sttled at th! outset 
pounds, and resistance to subl imat ion, are i1o1tar1t of the programl and a proper mitoritg and evahur
determinants of wh ich iodinte fotOtificant is used. tlion process ircOrporatcd as part of the fort ification 

The concentration oflfortificant in food vehicles programrr. Few forptfication programs to date have 
is based on data for per capita LOnStllnpt iini of' the undergone extensive nion ,t'.hinlrg aid evaluatiot. In
food vehicle by dif'ferent social and economic deed, it would app-i'r that the failurC to monitor and 
groups, in diifferetnt ecological regions, preferably evaluate and there fore demonstrate the benefits of 
broken down by age and physiological group. These rIicrorutrielt interventions is one of the key reasons 
data are important, and ilmulst be made available, why donors and developinrig countr' \Coerrinerits 
because delivery of too little micron utrient Will are So catious about food fortificatior. 
result in an ineffective prograrn while too much, will The costs incurred in food forti ficatioti are o IN' 
not only be waseful but, could exceed the uppersafe the additional cost of forti fying the food vehicle: 
limit. thus, the value of the food is not inciurdcd. Ingeneral, 
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FOOD FORTIFICATION INDEVELOPING COUNTRIES 

the Operatioulal and ,st', illplicatiOn', anod the political ill,'lltlIC ill t0tl 1tirtiiCa- I'Or d" ,,.hjl',illnt , 


titll are ,Illall (CttptrCLdto tihe r,,etl.rr,..ent Cost" inlitiate torti'tication efforts do and
\\ htell t ltOOLI not. hv 
rl.e\1.ll- Ce.',it. 


,ie.It cot,s alppOr \iiLuail\ t'SS,47. )) .(()()pelk,. that the H IL'ld techllo ,y\ either d(loe, h[lt .,\ist ofr
 
hlie cost Ofir1lt to tilic;llt, \ fries,\t. ih kl ( 'I 2.0()- i,ltit) . lurtlh +l.rIlLc. \ 'l-h 


0o' ll iCro)linilits. \ihtllill-\ is alrtil ar Ineie.I hIe llnda lhe1iipercePtiOns 

C()Illli.\ o! C\pclIlsi\ 
110111) hIi point Io, he2is;ItiOII t'

t .))( per k. i0i and is elartted t) i the L'tIls tAt' 0 the Iedil 

hitha\ ailallilit\ atld ,tahilit\ t1 IlteCOIIU i il. CIis+'tl Iu ltpliailce ati le eIth I t0 tiap the social
 
st, pl IlL! I t1llol0 Cople ra, ironll OFl t til Iodldl lth.e aliills
1 pe \ith tlhe n'o IIl,,. r\. Nolle to 

,,  ilnltl'hdiellt costs tect ell t. S.S1).(II)M an I Ilma\ lie tine. lhe ltact tit a lh u ll~llleliotllitf'ifs
 
Ul4SS- .(0) . Iohi.dine COi)llpli , Cost ' Ill 1. rt h,.e
. 'llihs alp ,i\1ltel+ de\ eloped C,'+tllll iiCLIand la\ n 
LSS.S3).) I "kg or t'S N.t per I million people'.Tle lttid lF a ]a ttle I, I[iC',111110l \ veilil,' ts 

for ra\\ ioidine. lC .i' tIlliC ala ',, [01' tile tetlIrIs le\ClOpeCd It,.'htlui]i IC,,. RClalt ci ll li111"
 
oillfotrtific.a',tio,.ih \,,ttanli and Inodifc he tliccdc.,d ltrtil\ +, illt~u A-.11,011. n .dinu nlistt'nj\ it) Itnos

la\ lll'\ II that tt0rtiliCalit)in is CiI-CI.e't i\,Cill aII di\,IipiiIe ,ntie.s,, Thi th itlolo!'. Ilcdled in 

s ftcases. lIid l'irltiltin -,llhCl ll]'ih\ hecalus cssclll]ai 
The , st tI - t.liI atitill ptii .11 nt i illcasuiftill ,ice., le d.rs 1n n stoii wiii atl call ili l d ll lI\ ale 

horne h\ the Crlllllt Or'i\ il (t CL.i",tlI.ll IcjtIIted to 1t1Ctut .iCaIltlillIIC ,,IIpassLI ",  add t1 .,,Ssili. 
' hy increasing the price l l.liccaluse the l1IIrh2rtlllire. Ic. i,,ttIInO il- COMItiLIlc, does not 

ecotlonlic 'r[(lips Mot1,I \nillerahIe to IlliCYuOttliCllt ai"a\ s,,,.'lrethat litt iilhil takes place. Indeed. 
deliciencies are thWseea.tRa le to affourd food11 price fr,.ml.ket copllctitit .tnd industrial sutppolrt are 
increase". it is cssential Io c. ,sidcr 10', If( sih\I% tl e nteia inhIJi'li.ln th;nICieisl,tli Ill hllIf1115 u tillthula -
C tS Oft'r lihCaiti 1001)t1i 10,tioe 1 l.' I i.T'reCti.!1011rtitd I ll (11 iIdl ,,l\ ]mliandcC. IIill,, mirket for

.i\ 'FOL1jl. 1u1 p)ItOh! 'Wicdl ,ls.ndltle tc1110SI llftritioldla IhIlliCd .Nh , hilC sl+, dill.,t C..', l10t C0I1cC I ll1li\a1 

(he l'ortificant Cist lCroiss sietl \. Illa\ he olle op- the foo. indulsi,\. altihulthqi social rlcslu lsihilit, 

titin. ,;\C tlllluiln i~llt!I-,t\ ' iO ,d1llt-C hecoIll lpitiltt lactu Iluildinv afpisi-I ,,l +"spullsut-t llIa\ Il r Ill 

11)1I i .- is to l',ItlCe slihtl. ui. lleici M e cor1 e 'i.'Icses lie of 'rat ilIMll . 

packa,'d foods hItI Mfaintainl theC'UIrrel price,. This TO t'nrate the pail heal , ill to illllpilncnt Io'0d 
strat,\+.l11\ he apprpriiate in smlic illtaIIc,. fortification proglaills. it \iii heIllecessar\ t0 ill)-

A lalolr constlint to ltd Iurltifiihiol teile [ress U1p0l plIi.", lllakers that lllicrolULIirc 
make1 Itire g hanr':. dlicHiel.ie, 'vCIt\ 

is illlpc ie.Ii t .e oen,co Ilsidi..l theis o ise 

demand the p iralink k .l-c It are real hClth riltehlCms With 
I's'hiits 

I'ifullII atc lilCfuiltulslLele this is reoi
tnldflulaCttllitlI17 1rti ica 'lits r rtie at e C aIl11e1l he tl Ct t cl, ,alld/ f flod iei0l) thn./ \\.ilih C-ie\onillit

tie ,alctille, the food dost ainLthe local orrecional lclc. t.\ heft l1 1"-., lational ,llllentd. ao, ood 

industry needs to he zi\eU all incentik, Itoforti', idustri.,, itoinitiate alnd sustainl actiols that will 
food. TlS. alterlatiff',2 ,tsa M' sl+,idii.- 0d dilC.'tl, dIcSS Ill iCOLImtriCillt ,.hlcieiisiC+. Whenl 

l,,drilil .Cas. . 

lia\'e tl he ,lOIi.l ill'tuIrdrl sUpilprt l1r Sub- lilon pIrani, s1uId he st'only]v\auds OCatd. he
Sidi/iI! lurtii'ied !OOI C ulld COllile f1ill dOIltr ill- causC the\' are hetter thaii pi'+CC,.+lil aliOachc ; 
StitutiOis. Il'Mil both a IltrlitiOlial and Conollllic l)Cr-SpcCti\C. 

Withoud stIom. lohh'ine, governIlIents ale Unl
likely to adopt food fortit icatitn. The awareness of 

lfortilieatioll. csl pii the Starl-utp possibIc and \ lin pr ell l ,ecessar",iulti-preven

4 

http:dlicHiel.ie
http:inhIJi'li.ln
http:i",tlI.ll
http:r,,etl.rr


I. INTRODUCTION 

I.INTRODUCTION
 
o0eI efOInw stale Mid fh -icalfyaaila blcM l)r<,hICIln thl')-itl.ht I the vWOrldis ind\vwICjideCilhu,, l+,othd IliC'tO!),lltricnt10t111,, 1 CZIl I.tle ILC l'OOd eithericiIntient aliintrititin L 10hlu 

health and ectInOIlIC cOIlSeIL'unCeS. Thetnost C\- SIilI\ Or as iiInti-iiii\CS. 
trCIe elfect K in tci,,ol mrtalit,. LIt other olt- i3IeOIC discu,ssiI. the rt-ionaulC 1t* lood l'Fr
collCs iricintle InlindCSs, po00r Coenit\ e til'icalitl. it iS 111yOrtillnt to note that f'ood f'ortifica-
LIC\,ltipmiieCit. rcd,'nccd erto th. ho,'cr , orkcr tioni i usedi tO t\O plUrp,OSS. :irst, it cal re.tol'c 
lIrtiti ,,Cit\. IIhlICi ithitit\. ,ittl \ cd,. i-Cnr, e- tutriCnIIS lost diir-iie l dOhpr.OCCS',,iie h\ I._'richI e t 
nlMIIICV OitCOIIICS. Iood v, iII the cicItcd IiiitIi lt. Sccttiit. it C rt 

Since the tarl\ 1)()S. ill itnIIIIInLs, ,imilotnnt of' ncrCt.-Na the ICI Otf, ii ', l'anIltri,_entiM ,) ood. In 
effToIt aid ic,Onrcc, has clbcn tciCe.tdCtI) idcntitv- both css. oltrtiticationl Ilrcascs thic i 1"akeo it 
in1l the Cetent tnId sc\crit\ 0l 1i,,ronntriCnt s'lpcticiC nutrient lr;IhUl.s itintifiid ts tmdC
elCliciencic, in d.lcitI p coUntries. Irranis 1111- atLt.tlC. 

pl,,iiCIitCtI,I lo M, v, hilh in- l la itionSIt til SC t.Itici.i.CICS. IIIiinthe'. cI opie .tln ic,. rural 

cldc IltLitit ctici m ,,tllstiplcllCIItItlit iid ilrL [enlent on ." Ioods:
in l Mnc .IC stIisstii.c iheir 

tioti lttiticatitii. ]iia\e net w't . .ar'ilt! he',el, , t iict iS Simplc and ill ol oltttIS. The til-ii ptt MI. 
sU cceSS. \ hile ltltiItOnI etticdIIn ISitCOtilICtIat, if)a dit Iru i) hMI Cle CCalrl t i+id s I( iiuos sittultiOll 
i'tCiill. ilmplt n;iltC mtl nt Ill Ck)lll ill lllt 'IJIti- I)CCiLIic the' alCM le it it!fod r hOllictiiida prtIndu 
tinal dl iCiCIlcic<S. it alone caniot iatliclic ihe cols1nptio0. IicctOic. tlhe\ I111111 parlticipltc in 
I)IOhlciI. SnUlr)lCi prtL1-iMllsl,. the imirket ccototlil.T h i, e\cc'ibatediIi ititi \vhich .ThuI ,itluti 

dcplend on all cffectiv helth cart dcili'C ',, s\ sIcilI. h\ the rapdl. ilci,,ine, inliiibl' o"itiil-h-tii ',l
 
li\ C Iendt' d 10tcil p i-iliIceuicaL plot 1i21illt , \ hl''. itis i\ \ 'I i ciltsoil tfini1 sL C,s
1ti1)t, ph I ill s c' 
dircCed it spec'il'ic and ph) .ihSOlO1'al 2t1titlps. ' 'cenatrito i eseirc.itild ill scCtlirin.! h'l.m -paid ork. This lt

ih tl han tosilcCtu .. Foo L rtifictio I VoreLI'C. IIn a+ilin\ilciica i blt is0 olf st1ict'IC id in i ant hi 

ri-te1a"in1S. Oil the otIthCr h ld. a1C better suiteCd t0 rapidl\ clirin in -\fiC! (Stlltioiis anL Gros,
 

colihatine illci'OnutriCent tCliciCnciCs becCIIusC the, 1987: Vitri. I)87: IPopkii and ti,,,i.oic. I988).
 
,
dependtio i pl+p s()participation in the niarket di t the poo0tlThe tlualit\ atnti Ua.ntitiy tijetdOf is) 

coniV. [hcln llso he tr"CltCtI or- ntreteilInLi - i I' liiilted.Iillic "lhcrcfore. rolltli]tell( 
'depcnding On the aill-nitule o the inicrOIltrienl deficlieinic in pairticular. iron. \ ilinin ,A. and. to a
 

deficicnc\,. Ie.eCr exthil, iLile 
ofe.iOtcnr ,,iinu1 ,1in_tilcoiSk\ 
uil sali lle titiltC ' 


ilnicronutrieOillt-i dC.ici 'ountris tl is dilic'ntit to thiat of, other
 

M ost Illi rlaills iineiClloited to c.ilia.t te as (i al' (itilill'.. . Tlie i iodiii 
+ cies in dCe\.lCini. del iccniic\ 

haI e IocusCed Oil single'. nutrients iather than tin incironutrieiCnlt. caInSe it esnituS frti ecoo'icil 
colbinatiol ol nutrients. The Iact that there al_ ithr thaii scial a i coC_lolicil.' Conditions. 
searate iitCrn.ititMnaf :tuniuLIiltiVe gi- upstllfo r'0 Reg'ardless ofwle\'h.c people live. tIe.ir diet is 
anaemiia. Vitiliniil A and iodine rejif'orcs the sinlue typlically IasCd (,ii oii tol celC'Ci,, tuLCrs, oror M 
nitricnt lOC.S or' \ertical aiIiI<lrlclto dea(ling with pulsCs s the staple. I1 the houOsehold hil, I\ live
nlicronutrient delicncies. Howv\cr. the \ertical stock. it mIay also coinsumille sonc dairy pirtidtLtLS. 

approach to ct)ilh .i(n. wicdsrea.d i)lutritionlI Frunit. inless .eathnred foca.ll',, is Ofte ii. liXir,'. a.Xs 
delicicicies is (no ci r 2eognited as tile are 1st1.111V vCIgtahles. it iS hiS dietar a.ldLoInonlic 
elicient us.t 01, linliid o]i.s. (i\12n1 tihi-. and COIlteXi thatillnst I. coIlSiderCId iftIe olectiVe is to 
the need for IlliMSS 1'101 and control ofI iinIrov. 'iicrontlrieni intake and Status iillong. the,1 'itil 
nlicro.ltitricit dfic'ienCIt.S. loud ftirtitlict.iil hias, nltrIa p01i' (lipton , 1983). Manyi processed fOods 
increasinlyilgainCd riClCwed iilipIr)otilcC. In fc't, are,beo'n til less the uiiltrathe iIIC ins ofltiC pt)0o. licil 
the resurgent interest in hiod 'ortil'ication has led to p)orn. iTis., I Food kIrtilfication llpigr.il needs to 
research in the application of existillg technologies focus On] I'ortil'yilg Itotds whicil tinderoo inimihial 
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FOOD FORTIFICATION IN DEVELOPING COUNTRIES 

processing, for c\amlple cereals. ralthr than highkl 
pi'-ocesCed ol', which rc inaLcce'ihilc to the poor 
ild trla por. 

TlO enlsuiC thai the i00sf \ lhralc llelibers of, 

the poiltiliIa; benefli 1rom0i food ftif'icatiolln. the 

fOod clicil s imist be I consunmed
tapl food 
throu'llhul the \car b\ a la'rge propoitloul, of the 
populatioll. \ th rtalti\ c' little Miter- ild inltra-inl-
di\ dtlil \;lriati. In aldiii. the food mUst pass
thlixilgh centllral pro-cessinlg po!ints '.'hhere spcifie'd 

IlTrtlnulriclls call be addCd LeC-'r cotrlled-,L coil-
ditimVI. "Ihe Ic'_CI of ftifIicatilimllUst be Such that 
it contlibi11ultes 's1ilificdntl) to nutritionall rqi-CLuire-,-
illents Mllile_e till _ie illing hintihe safitelppcr 
limit. :(urtler'1110l_, Ith I'rtiic'anta slllnot Allt tcIh'e 

atio0leptic primplties (itate. silcll. look. te\ltir_) 
ph siczcul .1luctltire, or 'hCll Ilfe of the Iood 
\ehicle0 SI. ('ot llrol atd loln itorlig pri-ced uic,s must 
he buit into thlei1lan1ufIacturing priccdusto ellrl 
that fortilication Ic'\ cIs are adequat. in stle cas, 

Ic11islailtioniII)lne.\ he ito srit tIICl 
()lite advantage (it'Iood lrtification is thal it 

is socMlll icceptaileC. Itdoes nt Irc(qtliC the aIcti\e 
participationuoft01he consumerl.lor any changce in 
htiyine. coo)kii,. or caliic habis. Furhi-arellMrC. 
UItil'icalitiln illltins alnodttlsorganoleplticlplrlCu'-
tics. ecausle the fhd to be fortified iS alr-aLy 

marketed aMl his al idCsi-id distibulioln sS'tIcil. 
itcan be introduced quickl. .\nd the hebecitl"of 
fotrificatiolln are readl'l visible. I' ecislatioll flr f 

compliance is po sihlc adllrelai', cl a loas\ 

milutilot. ori'icaion is the let 'ostly, intervetifn 
for . oo\'leilnent, and is the llost effctcie %\ I," 
cliiihiatinc dietary ilnicrtuitrieiut deficiencies. 
l l.)', food kinifiCtioln issUslaiiilatlC (INAC(J, 

198 I: lLlernfcli d and Arroyave.186:( Vnkat sllhI 
Mannar. 1987: Arroya., 1987). 

The disadvantagt of od trtification isthat 
it relies oin t cnrilral\ i)OcsseC aid marketed food 
\clliel-: thLs. 0IIl\ Ih110,C \tho0 t-onll.il h t."C'OId 

m benefit. Ili 
Icss likely to bencfit pcople \ lo consume locally 
prod'0lucedl. tMIp'rocSSCd fTd. III addliln. fortliliCd 
food reacheslnoaicted ast ll als tareLtd in
di\ idIlIls anti nia1 nt he theIno' t economical wav 

tiltehInla\ ha other \k 0rds. fortil'ict-aion is 

to rchill the la'tcl 2ronp. If the c'tl of Itificatin
 
is pai<se'd onl Ito ll, targett groupll i:olmers.lt' puir

chaing paltili ll MUg ih inlended I__ieCmc'iaies 
lll\ chagC a'II\[d'rsl\. "uirlhrCliiiore. fotrifilcatiion 
incuirs rcurrit11 costs. In addiion, pmliticial will, 
lec,]iSlation. and nlforcetllc illmccliaIs arec neces
sa. to enlSlr' prorail succ'S I laiucr-inlfeind adIL 
.\rrou\;.a'e I9X0.. Arrova.\ e I9X71.9 

This reprt1 ic\ew\ the literatllr! oilfood0Lfor
tificatiol \\ ith respct to vitatnin A. i[ton1, and io1dinc. 
No attempt Ihs Ibeenl discuss fortifiCatonimlae!C to 
from the food ilidustr\"s prispec' e. hich is lot 

sa\ Ihlcl Icplc IS a\ less ilmportant. Chapler 
II de'scribe's ho.. foil iicilatl(in Ic' cisarc dtleri iicd 
aIswell as the different itilicants ;aviJlalet.. The 
third chapter Sillmilari/es Soic of the issues i fior
til'icanlt used. Iolteimc>. stNNIit'IN. trial i-suls, Itehni
cil and distriblutionl probleiiS, colnstrailns . d 
cosi ielatd t0f'oiIlucg diffelrtl Ioods.(' hllpter 
IV dscr-ibes lUIialilv cntrol llld issuraIce while 
ChiplCr V otllineCs ho\ t1 monitlor ;and1 eviluatC 
od fortii'ation l('crlil. "he si.\h chapter dis

cusses the eco tlillic aspLts ind sislalilhability of 
food fortification progr0iailms. Chapter VII identifies 
pollitical ald legal dillCisiolns. Finall'. the last 
chapter puts forward siggestiotIsI for 'uLture direc

lions. 
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V 

II.VITAMIN A, IRON, IODINE, AND MULTIPLE NUTRIENT FORTIFICATION 

H. VITAMIN A, IRON, IODINE,
 
AND MULTIPLE NUTRIENT
 

FORTIFICATION
 
itaiiin A, i Ii ilics are ik 
three iostl setu, IIICnitnt0lnut1CII dCticiCntic 

in dehelpine co lunlrie',. ILarClV bcCausC of [nod 
"orliflleatin proL!ralis, microlnulrcill deficiencies 

do not eiist in dce clopcd .ontiCS. Fod fortiica-
lion is. hS,I c'I, tcchnicall casiIr In iipletment in 
devlCCped Cnuilli"s cCueil.C' ithe h2h depend-
encv nin prncc",Cd 1food h all in1coe 21nlutps. Cott-
SettinI K. i widI it\1 plrocesse'CCCd bins Ca.n be 
for0tifiCd \s Iii d ifferenl iiICrnnuilf'l,. II dc\Cl0p-
inc,-, colltlriC,, the cliallnce I 111oonly In find 
suiltable fod \chI'ldCs for f1urtif'icailtio but also to 
ideliif\ :t.prpiat Ill icrollnutieull LColmpudlid that 
rillaill buitl1 la ndlild uicalls a ilahle a llrle h 
their iddilli t ifood atld ll'e lIhe uicil2 nortllill 
food storic ilnd preparation procedures. (i ell lite 
tortnlit\ oI tile fo d l'ortificalin taSk a t tilc ab-

sclice of dtoili oll the ettt aid Sec erit of othetr 
IlicIrUtlrenil dCficicCiCs. fod Irtification in 
dop countries hi enled to focns oil those 
llicrolliricll \l ise dcli ncics are illost 
s idespl'au and dCbilialin, lamly.lvitanli A. 
iron. anud iodinc. 

Determining the level of fortification 

Vitamin A 
In f'0od collpOSItiotlli tables,ithe nlit for vtiilnin 

A is gcncrall tlhe intcrnational unil Ill). Hlowevei. 
vilamin A levels are co entional lv expressed d 

llicrogratuil!, (f. I of'rtill. lec.iut,, the vitaillin A 
activity of carlioten1oid is l\C' Il;.111 thatl Oif rtinol, 
the retinol cquivalent RE has bccn eslablishcd to 
takc inlt aCCoint dtartllsoces (ti bth retinol ind 
carotenoids. The relationship ICtwCn the different 

units of \ilamin A is s ovn inI Table 1; and the 
[A(/Wll()i0-recommended daily intakes (RDI)) for 
vilalinn A are presented in Table 2. 

There is esseniially no risk of vitamin A 
dcl ciency o loxicily \hen dicary intake fronl lOod 
totals io,(08) 1IU Iviilin A/day. l owever, sit,
tilficantl1v hicher le\ls of rctnol intake hl fore 
or soll aftr cllceptlinll ilav hiav terllogcellic Coll
sequelces. For this reason. WIO 1982 nlld 
IVA('G (I198() reconitinlld that daily mtppletile.,ts 
of3.10( RI :I 1lfl) \) C. ll he ivCenI 1) vlanilin A 

silf'cl\' uii tneiiL duiting PIrl.,vnllnC.. I
.

Giveil that a poLpulainn\ diet utlual\ incliClS 
sollic itililn A. fkrl ;iiCatoit sl ,ol lilly utsed asi
 
nicans of niaking np tl1C deficit bct eet n ikcs and
 
'equtiretments. With C\ewxceplnis. a 1od f1ortificd
 

\%itlh \italii A Shonld lnot e considered ils the sole 
Source. Often. h s'ver, the ielilortali n asailahle 
on v nitinitA inltakC i, inadCquaelC. In lhCs silua
[l11S, thC frti l'iCd l0d shlOiid 1s1\idC tile critical 
ike level ot atliel.tlone-haloteil iVA(G. 

1988). The limit In,- lictot is hC RI)I lor fhe groups
 
mnost vulneablelhi to dCliciency .1r1td/0,nr loxicity
 

o n'illlchildl'l aiAd/)r pl'gn11fit ssnuCnI). Thus. forl 
fOrtI fic tl, llito be effCtive yet R'tait itlhI(l e 
Lipper Safe liit it Iust meet half the RfieIS f 
childrent aged til-ee ito live seat's. 

in of foriicant InbCesed in lhe 
food \ch'liclC Sllld be biCd oil diltl fir the pet 

T he 

capilta c0InSutlptiOli oftlhC Iod vehicle h diffcrenl 
social ilid econoinieC g'oi1ps1 in differenticoclicl 
regri11S ferably icilct by ac andins, d 
physiological g11iip. ThCsC dalli ar itlportant be-
Cause delivety o too little vitlin A reslts i a 
ineffective piiyriiln sshil1(1 iutichi viltnin is not,,\ 
only wastelul hit Ca1n CxceCd the uppC saSfe Iilil. 

Vitalnin A stiplelinl.ilt i durin2 pregniincy, holwever sf.li d ebccns idered only fir won eintill ;.ire knlwnl e illak 
to he i andequiate. 

I 
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FOOD FORTIFICATION IN -EVELOPING COUNTRIES 

Once tile mlinimum and inalxinutl intake levels 
ol'thC food chicleC Imi, 	 C bCCII ascertinCd. ;i SinmplC 
nliathnilatical calculation LteCcrminC tile sade ran c 
of itamnin A lhortil'ication as shoiwn in lithlc 3. 

The saill ralnuc ofl"0rticatiin isbetweeS n BIIMii 

C ILI/I00( L \itamin A\ as inusted. Other Factors, 
ilnCludi n. losses during storagL and cooki,,ig also 

need to lbe taken into ICCoLunllt w nICldeLteriiic 
tortifticat oil lc\ es. 

Iron 
Yocintg children acd six to I muthS, p-

school-ace childre,. \womeln. and adolescent cirls 

arc llost \ ulncrable to iron del'iciency anacmia 
IIN-\C'G. I99(: Gillespie '/ al.. 191)1. lable 4 

prcscentsf ae crct1l+). l),etcr-
llihriuc a Illa-Iti t' '"sate intake" for r1iireils iS 

prolerhliatic bcCause 0' the snhstIiicS dil'Crent 
reactivtiieC in \ ariou01, tOud sulbtrtes (CIdesdaleC. 
1991). 

Neverllcs,. a minet'al alCtv index I NISI ) has 

been proIposed: 

NISI1= NI)RDI. 

whCr MII) iS the minimu toxic dose as oh-
tained ftoni th.%literature and the RI)l is the highest 
value fit nnretlrnant an1d nlonlactaihc1 ault The 
Cstinmtcd iadult oral M11) tor iron IS 101(1 u. thus, 
the MSI oLuld be or -Idelndin ilt vhether the 
iron availtnbilit\ ill rhe diet was low or iitcrnilediatc. 
reslccti\ 1l. 

TABLE 1: Vitamin A Units 

Unit 	 Equivalent Unit 

I rerinolcCi~ah1nt (RE)L 	 I pig rrict 

6 p.ibuct-crcnc 


Iodine 
FoIrlil'iIItal With iodine shotld ensure that 

ac;ch inudi\ ich.;dl receives least II )() io ditiC perat 100 
day for the tortitied totd. To take intto acCOulnt 
storage aid transport losses. MrgrailS sholuld aimn,, 

to proid dail\intake olablut 15(l1pg per person. 

Types of fortificants 

Vitamin A 
Nanals arC unable to svnthesiie vitamin A\ in 

the hody and illtist 'CCiveCdietarv \itain A ill the 
tormn of reintol or carotelle. Retinol or. prelormcd 

tinin \ is foll IIinoods ol;llillialoriin uLlally 

as retinol Cster. ('artenucid or ptIinlllill A is 

flnd in plant inatetrial purticulIrlV in 2lUct lea\k' 

11clesClo and fiuit. 'h'leand Cetales 
prcdomllinalt carotenoid iS hcta-carolticu. Both 
'et!InOl aId carotInC can be coriIIercial\ piroltceCL: 
the forncr as relinol. relinol acutate, and ;ctilll 
paliliitate. and the latter as be .la-carotenleard beta

;.lo-,'-carotueal;ll I laurtlieiid and Arr' ,AVQ, 

I I'9,UPure vitailill A and caiteCrIoL stru1ctu,'es arei. 
tairl stahle \ hen hcaied to it mlodest teiperature 
in al inert atniospliCrC and in the dark, but are 
unstaleIC in tile lrecaCe oit o0xvc'itor air, or- when 
CxpIosCd !t tulraviolct hlht. Vitami A iS (Itlite 
stable in ar tlkaline cnvironiee t although trace 
cileIllnts cal accelerate its 0xi ,itioll ( Bt;.rnl'cimd. 
1978). With the ahlitioln 01' iritiOxidan1tS and the 

control0 01to\ elc\po(Stl[r. seVerail puIc2 
vilarillir A ilil CatleClIC strctiills, which 
renainnistabiC dlurili1ritotL IlOCessilc lio'0
celurcs, lia c LbeCln dveIC pe totr tlse ill 
ltkol hIn-tiiicatir'! (Applldix I I. 

The col r1 	 t adidof,bth tlhe forti lict lod 
the tood vehicle LclC'rtlliiin which vitalllill 
A sitl.Itu'C iS UL idIll 1tortiI' itiotn. If 

c't.rvitanlin.3.33 oIt ilarne A alii\ it\ 	 mui A ac ty t ci I a t 

I1)Ill \ ccnciiiA ac i6 inil he'lm.-calu 'nc' one 0 t ' ',ilU in ,\ sCtCrs iS Used. It h'th01 ile 
the color and vitani A,\ activit\ off [lie for 

I icternational unit IIt' (1.3 p rinl titled looIi are ilpoutl t. tilCe or a 
11.6 p1ghcla-curuice 	 Illixtur ot, tile carotetle-cot illill- ' stIC
1.2 whe i'omin Aitlcr .orccs 

I pg retinrol 1.0g RE ttres iS IsCd. The ' itlanii \ stLtuCret to be 
egkia-carcni' Rsed flOOd 

I pg other prok ilaniln .A vehicle is an oil- or tat-Ibased l'ouid. a Walter
carlloteciiid 0.084 pg RIE baXsed I'n i drIV-Iscd Io b dC 

I I. 167 pg Rt 	 also derd noCLnOil whether the 

md. 01- hi is-

Source: FA()/WI 1( 188)I .	 pernSCd in wale" piior 10tcOnSm "tioti. 
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II.VITAMIN A, IRON, !ODINE, AND MULTIPLE NUTRIENT FORTIFICATION 

TABLE 2: Recommended Daily Intakes of Vitamin A 

Basal Safe intake Critical 
requirement level intake level 

RE IU RE IU RE IU 

CHILDREN (age inyears) 

()to 180 60) 350 I115 175 585 

Itoo 200 665 41( 13310 2)10 6710 

0 to 1t) 250) 835 410() 13.1; 2)1) 070 
10 to 12 300 10)00 51101 105 250 835 
12 l 15 3 5 11 5 61)() 2111) 3 01) 
15 to I bos 40(0 1331 0 200 I1)1)600 s)() 
15 to IS _irls 3311 110011 51111 1605 251) 8.15 

ADULTS 
Men 300 1( )() 000()11211111 3)0) 1)0( 
W oei'n 290 90 50)) 665 251 835 
Prcnmannt,.olnenl 370 1231) 01101 2010111 3(0 111105 
I.actthng Wieni 450 51) 511 2s( 

Solfl-t~~~~ I-hFW 1 0 198l. 

Iron 

tooii little iroil pI lot 
bhioaivalahblit\ of iron leads to ironi delicienc 

A diet thaict tllaills nlld/or 


anaemnia. Iron ispresent intissuFodS as oipotitd cati be addedO Food
a'12hele-iAlliX 2 
ind illplait niaterials as non lietic- )rtilorgatnic 
1on. getw een 2( Mid 30(pelceit of henic-jiiOn is 

absotbed. ilthough less than 5peiCCiit 0f t0 heliie
iron is absorbed IoNAk. 79: A. 18 

dine sasct;le: reliov iniiron atsorplioti iihihitoi, 
in food, c.,.. chho:0t)iic acid (cofIf'e. calciudilto 
phosphale co\y niilk and soyii), egg olk, 
polyphellols Icoco., cotIce. te . pulses. aid 

ceraCls). pylhtates (cofCC,braI. cere;als. lgunes 
nlld iicreasingti tehelopiletitSonie dietary fibers (cerealS: 0I l oxiat. n 1ay catalvte the oiox id

intake of fooids co1tainiie a1scorbate or otiher 
(fruits ilnd some vceuithles);ind henw,-iro 0m!ileal,. 

fish, .idpoultry but it dairy productsI) imllproves 
tile absorpt ioni of'oti-heme-ilron (l)e aer 

Cook, 1990). Noni-henc-iron is thc 
prihiilry SoLrCe of irn I*uthe )10r illdevelopi ngecountries. Thus. inladd ition to
the low bioavai labi litSof iront. ioor0 

people's diets generally lack ahsotption-
enhaicing compounds ([inch alnd Cook, 

1984). Factors that affect irtoni absorption 
are, therel' e, critical in deciding which 
food vehicle 1(1use illfortification. 

Only two iroi cotmpounds. whose 

bioavailability is both acceptable and rela-

I 


4125 1415 

tl ficmto nl i-11 

lively independennt of meal 
it d os' in 

Cillll]71tS he tlISCdilltioll, C;ilIl 


Iood fortificatin. lhse arC 
sod i m ferric 

ic id F F'I)T. I and 

haeuio glIohi n. FIYlITA is 
oftell used in teclinogoical 
proccssc , t1.11 il\ole both 
'oods andidu,.Its poten
tiIlLise as i 1011rtl'ictt hasito 
h1(1))o 

be consilred it)I.ilil' Is 
IIll LCiili ,,\CCCptcl l)aiI\ 
Intitake, \\ hiich tll ghia1I10,
sibie conlstrtaint in de\ loped 
Lt, it lics. i,not 'Cclcrall\ ;. 

piroblei illde\cloping 
Ct)ttie. ili!lobitl. a]
lhotut~ll re',lilv absiobed. htIs 

il'O)li
Ct!ICelI Mind k'111011 

,_ lor. hlelIttei is antio 

lnih' in foodlloe)tic coitlStrailt 

a!.L t 98) . It ailSo rfl1 ic.i 
C sltppl\ of atijiNonI.


\LIIn\ 11,011 C01lnptitlndS Call he,Aided It)ft*tit
 

ill tiletl)Ihl cd lelld !0)_tdtLICC 'ia h ii2,s ile.ltlld 


foo)td \ehicle,nOl[,dstt~ai UdT~f-HflaVOIt.
 

.nd keusr I . and 

l3uieciil (19911 point on) that ferniu, sails a.yoxidi/c itofti'im \clhm\ _,reen~ or blick 1'erric o\ide. 

Illaddition. ferrtuls ',ails eaclt \ith sulphur rtll 

PilenLiL c ctucO ic s aois\\ el lantii.is ioasi\ itlh 
produce blue-black colhis. iecanise ilt-,a pro

ti\e r'elcliollS C.itllSlll,_o~ffl-Cotloris, -o~dorls. lld 
to. e aids
-flavors, e\etl in the absence ofioxidation, enzv\ies. 

1li-density rti ctintits stl as reduced ioli 
pt ders may reqti re special inlea.istres Itoachiev'e a 

TTABLE 3 
Determining Safe Level of Vitamin A Fortification 

Estimated intake 
of food vehicle 

\IX=,\ 

Iin=Y 


Appropriate level of fortification 
(IU/100 g) to provide vitamin A intake 

olI\ t!i 

67)/Y=(" 11.00II/Y=3 
670/\=A I)).i)/=l) 

Mi2\ ()7)It') (ii.00lll) 
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FOOD FORTIFICATION IN DEVELOPING COUNTRIES 

TABLE 4 

Recommended Daily Intake for Iron


Rd day Icorbate 
(mgl'day) 

Iron availability in diet 
Low Medium 
(5%) (10%) 

Childre"n: 
0.25-I 21 Il 
1-2 12 6 
2-6 14 7 
6-12 23 12 

lRtos 12-16 36 18 
(irs 12-10 40 211 
Men I0+ 23 II 
Women mcnlrltti g 48 24 
Wonicnlpo.'-mnopau1 19) 
Womenci Jaideil n 20 13 

.soun 1'.[-.A I II) 1 )X ,v 

High
(15%) 

7 
4 
5 
8 

12unliht, 
13 
8 
16 

91-L 

fctor in)food f'ortiictol. The1more in>,SOIluble the 
conlpoind the grcater its cost. The iddition of azs

to increase 0ion ahso,rption is difTicult be-
C ISCorbate ISiCkiivelV unstable: it IS alSO 

cXpcIlSi\e. 

Iodine 
130111 iodide anld iMdate Coipolids ha\VC beeCn 

Used iniod i ie fort il'ication. (fI le two comounLrds, 
potaSSi uI ie I ISis more sotible and IS tlreIl'ore 
needed in smlller quantitiCs. reunlstablcIt is10C 
tLindCr conditiollS 0 ImIoILIIC, high te Cperat tiles, 

CxceSSivC l'rationl. Miid whCn in the 
prs'ncC of slalt inlwuritieS. It ISalso less Cxpensi\ve. 
io\\'cr' lt. niodlte I mor01lebcaIltue poLtaiSSJltll IslLch 
stable and resiJstant to sublimation. aLd alSo hls 
fewer rqetfirCmenlts foCr sCtah lJn-uand dryino 

acents, it is tile pircl'reiiei 'ortJI'cJt't inl illost sittiaI
ions, (l3aueCrnfeilld, f19l9 1 

Multiple nutrient premixes
stIble and 1tlif0rm ditribtiton Wvithinl the fortiFfieodI-ood lorliiation can also1AlOneb, u1sing a 
food. The color and flaivor o ron conpoutlds theIl-
selve, ma lb uh th rotih to the'IdeSi rhie aIld cila 
I'Mld, a.ilid t1ay1\ lhe more inoticcile ill bnvc\ragc', 
lurtheirlore., tlie solthility cluarctcristics of lie 
MI0011ompond ayIlltbe compatible with th l food 

vellicle. 
The ype of iron lortil'icant selected ,0r us isc 

dependcnt oil tile food proccsin. sttoragc, and dis-
trihutioln coiditiois (Cook ind Re or,e 1983). In 
Zeieral, tie soiubilii\ of the lortificant is invrsely 

rehatCd to stodragC lime. Tlhe 1110lC soluIC tile con-

>(tunld is. the hettCr it, hioaailahilitv: hut tile greter 
the Compounlltd' cllnlical reactivity, tile hieher tilh 
riisk of nncidity. S0luhlc iron colpounds. there-
fore, a.rc used to fbrtiliv foods \with I Shotr shelflife. 
lht0Spilate co1luItlildS Ilferric orthophoIMsphate and 
Soditi ni )yrTopslahte) are olgalnolpCltical 111ore 
acceptable htit lhav low hoamaiiilit. Indeed, he-
causC of2their p)o)r hiOMvailililitV. th l', atvc cost 
of these iro0n coiipouLitls iS hilh, leiIIenta+l ir1011 
powders a1ire LIs LIe tens.elv in hat flu for-
tifiIcation ill dcvelp,. contirisC. AIthotgh Cli.iti\XC-
ly inexpensive, these Ilg.oh-density iron COIllIOltldS 
may scparate in Some I'Dod velicles.,mld the finely 
powdered iron is flanulahic. Cost, too, is a limiting 

2 Frimarily vwheat. although trials are underway for rice. 
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Ilicrontit-rcI t ntilntiiix. Prenixes ot vitanin A nay 
inc ue \vaLItCr sotleL.C \i tam ills 1'e..,flate, ascot
hat) and mincrls (e... iron, iodine). In addition to 

2VItaUin A. micronotriCnt niultimlixCs l'lr crcialKs
arc oftell coillrmrised ofltialii (vitaIlit 131), 
rihoflavill ( , itillin 132). niacin,. and iron. The col
centrat io off cach viiainlil an nieraill a 
ili'crotLri'nt Ilultniix\ dependsOil tile naturally 
ccutlIng level of,tu ilJelrollutlients In tile lood 

velicle after illi luld proccssiOil, (ex.111ples of 
,T)('HFNI nd R()CI IF' cereal 'ori'Jction1 mlli

nII xcs are Shown in, Appendix 3). 
M1l.tipurpose illuttlillutrient m ixes are 

prl-frable to silg-le nitrilent fortiicatioll for a itltll
her oftreasons (Mon. 199-)2 . irst, civen thit 
tllicrrlUtllt dLU'iciI1 icJS tiid to coexitI, it ilty Ie 
more cost-effecti e and appealing t) policy makers 
tO 1'ortfl'N a uimhr of0foo0ds with a mflulti-ilutriClt 
mix rathCr niilla sitlel nutrient. \ lillitill foCLs 
woti Id AlSO prCl tide cxac erha tiorn of other 
ic'rolUtricilt dehclencies as a rculIt of allcvKiat inl 

a Single deficientcy. Second, if svel'ral comnmonly 
consuiCLd f'ocds arC fort ibed, the to0tal cOS t 01'o'fo
tilyillg a prt'htil ilicati h efod nlV deci sC less 

oMrti ficatnt would lie added to that fod tlIts pernit



II.VITAMIN A, IHON,IODINE, AND MULTIPLE NUTRIENT FORTIFICATION 

ting more foods to be fortified. It would also allay tWeen the fod inudustriCs. The food industry might 
fears that fort iiation would increaCsC consumption even take on sont: responshibility for dlcati)g thef( 
of sonC foods, . ., suear. Third, fortification of consumer in situations; where choices ae a\vailthlC. 
se cm;l coimiodities may he potentially more ac- Fiually, forif'ication of a numlCr of foods could 
ceptable to the ()oo industry by a!lowinig fortiflica- increase ptlhiiC awarCtiess o1 minicro nut rient 
lion costs to be shaMrCd by a1IInIImher Of food deficiencies and sensitize the food industry to the 
industries. It could also po)1111ote conpettin he- importance of food fortification. 
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FOOD FORTIFICATION IN DEVELOPING COUNTRIES 

I.I FOODS FORTIFIED WITH
 
VITAMIN A, IRON, IODINE,
 

AND PREMIXES
 
Developi, coutrie, offer soe .oo ex-

:tmples of the potential use of Sr)eCIfIc corn-
mloditics as vehicles 1,r vitamin A fortification 
l'able 5). These cG;tnino0dities, iluCtdC sunear in 

Guatemala: MSG ill the l1ilippins aLnd Inldo';Csia: 
whole \\ healhill rice in the Philippines: 
and ta ill India and Pakistan. ( )ii has ',et lo un'lereo 
Iedd trialS inBra,'il. A \ S,,uccCSil c0olmmot0ditV IS 
salt. w\,.hich did(not provc economically feasible, 

Foods that can be orIt'iiid with iron include 
wheat and corn lor I PI. 48 ) contnodiies) and 
infant formulae: rice in the PhilipinCs: sugar in 
Guatcnala: sal in India. Intmonesia. and Thailand: 
aId rcConstittetd low fat milk and hiScuis in Chile. 
Water has also been rortified wvith iron. Loods tha 
are colored and ha\C strong2 Itastes arC particui larly 
suitabLe for irot lttitficattio because they lpCrmit 
the use of more iactive iron Cotlpounds. Examples 
irclUide fish sautce in Thai land: CtIIT'y powder in 
Somth A[rica: and beverages such as "Kool Aid- in 

' e lmoheI Ifod vehiclc friodine is salt 
(water has also been fortified witl itodine I. Brick tea 
(West China) and sweets (Middle East) have ap
parentlV been SIcCCSSf'lliiyl' ort ifiCd. In sOlle 
developed counmtriCs, bread.c and milk ha\e been in
advertentlv loriliCd with iodine throuh tihe addi
lion of iodatle as a bread conditionCr and the use of 
ai iolide compound1.L to treat foot rot in cattle. Sugar 
has apparentlyv bee.t'i successfI'l forliled with 
iodine in Sudan. 

Multilit-xes that ilclude Vitamil 1\ aid itron 
lave been successfully added to wheat flour/bread 
in Jordan and India. 

Fortificants are generally added to I food 
vChicle duri the1 fli:,l stages of processing. Al
pendix 4 presents fow diagranis that show the stagie 
at which f'ortificants are added in tile prottctiorL of 
fortified tea. rice. and flour. 

The renaindder oflthis section Sr.tli'irt1CS SOIlIC 
of the importarnt issues related to food fortification. 
01gypt.foods consuln iption ate inrcliuded:nly ior nriIass 


infant for
and
mtliaeTABLE 5 

Foods Fortified with Micronutrients inDeveloping Countries witlere 
excIlded. 

Vitamin A Iron Iodine Multi-mix 
ON-GOING StluIir Wheat flour Salt 

Corn IHior Brick Ita 

hnil!nl forinthc Water 
Rice 	 Ilried 

Milk 

EXPERIMENTAL 	 Whole hleat u ,ar "Stlar Wheal hoLur 
Rice 
Tea 
*Oil 
*Sail 
MSG 

* Laboratory slage only. 

Salt *Salt Corn neal 
Milk Wheat hour iod le 
13i',CuitS 
\W'ater 

Fish sauce 
CUtMY powder 
Maie Ineal 
"Kool-Aid" 
MS;G 

*Salt 

12 



III,FOODS FORTIFIED WITH VITAMIN A. IRON. IODINE, AND PREMIXES 

Fortification with vitamin A 

Sugar 
Forti ication of ,tigar wvith vitam'n A has hccnI 

,uecCCssfull\ iIpl'nInlCd in Glillmala. (OStil 
Rica. H1londuras. I-! Salvador. and Pamiunia I Ar
rovax-e. I972: Arrovae ci (i/.. I979: Arrova\c efi . 

198 1IeMjia amid rr.\ cav.1982: McKigncy, , 
Darv. 1991: .;McKincyci a.. 1992). Onlv 
Guatemala. Ihoadura,... anrd l Salvador are currcntfv 
f'ortif\vilg sUner. 

lortilicant: Ireni.\ colliprisin, one fmirt retirnol 

palmitate beadlets Type 25ff ('V'S. nine prits 
\ hitc sug.ar, peroxide- Free r.)mMIIt oil, and stabi

liter. The l'krtific'att, which is ; pile yefllow'ortl'iint. h yelowthelim . T e hi s : pile 

color, is added to su1ar d!rin the final sltaCes oft 
l~ocssine. 

ioteincy: Premlix 5(0.00ft0f-55.0(0ft II vitamiin A/g. 

* 	 l)ilnti'ii: I : ttf) o),fprenlix Ito white sucar itid-
ing 50 [U itamnin Q/gsuiar. Supareon su mpti 

h 	 the most at-risk roups \as 201 gm/da\'. This 

level 	 of' f'ortificiio \k.ould meet the Central 
A 	 murican R NI) ' mochildren (3(( pg \ itarnin A ). 

Stability: Nine percent decliie in potency of' 
f'ortifiCd sUnear at roo0m1 tCmpCrature ( I 8-32'U) 
after nine months, althO,.lh recently tested 
samples in (uatemtala show ureater losses (NMc-
Kigeneyct a., 1992). ()rganoteptic clarac-
teristics of nklorti lied sugar maintained. 

* 	 Results ol'field trials: 

,\ three-!'bM inc'rease in the average daily intake 
of RE. Among children under six-years-old, an 
increase illserI'In retinol leveis: a reduction ini 
the prcvalen.ce ofI low ol deficient scrulllretinol 
values: an increase in prt'e\alence of' the highest 
category ofl adequacy: impro~ved iron nutriture: 
suggestion ofI a positi\e impact on clinical eye 
signs and child groVt. Increased rctinol levels 
iii breast milk. 

Technical and distribttion problems: Failure 
in timely deli vCI of preni ix resulted in some 
distribution of unforti lied sugar. 'hcrc was sone 
variation in the vitaniiil A Content of Ihe Iortified 
suL'!.ar. 

Constraints: Political and econiomic. Sugar 
manufcltlurers' w CrC rCsponsilC ror ahsor-ing 
the cost o'f'ortification., prilaril. because olfthe 
relatively lo\ cost fLsuar fortil'ication. )ue. in 
part. to inad iuate monitring. the Ikrtification 

ltgram~ inl Ia'lalad \was uspendCdIb,, the sugaril; 	 I-dustr\ sooI! aficr illpleclntation. Ill
Guatemala. the dc l ie \\orld price of 

sugar and ,inmuta.'obi, increase in the cost of 
ft01rlif'iial lt aLISM lil;.lral1aCt~L.r~rS, tol telll

porarily suspend the fot'lification progra.um 
during the I981)s. . 

* 	 Lost: (;LitemaLi 

l/9791,rih c. 

-	 U SS(f.()()29/kg I'ti suge u 

-US$(.07 per pci-soin per year 

- US$(0.0()6/kg fortilied sugar
 
- US$0.3t) per person per year.
 

The current consutCr price of sugarl is 
US$0.42/kg. Thus, forti icat ion represents I.6 per
cent of the consutlert1 pri,.e of' snuar. 

Monosodium glutamate
For tification of NISG with vitarlllil A has been 

tried in the Philipjpines (Solon Ci ,l., 1985: Lathain 
and Solon, 1986) and Indonesia (McKigncy. 1983: 
NI rphy\ Ci1., 19S7, Ni uhilal '1., I9t 88a: I 988b). 
The fortification program in the lillipinle; used dry 
vitamin A t,almitate Type 250 SI) but experienced 

org,1aul1piC l1'uOhICnlS (C0h0r, si/. density),
 
t
\aria iity in vitamin A content and loss of vitaminill 

A activity. Indonesia has Ilade prgress in over
cilluing some of the teciical problems associated 

3 	 The Costa Rica sugar I[ortilication prograum was discontinued in the late 197(0s after it waS stk 11that diCary Vitanlin 
A intake and serum inot levels o pre-schootl -age chitdren had increawsd sigleilifnty it s, tistlacury k.vet.. 
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FOOD FORTIFICATION IN DEVELOPING COLIN iRIES 

with f MrtityinNG con- montiis. 80 percent "fter six nonths and JUStS; witi vitLamin A and hai-
ducted IiCld trials lSill fortified MSG. Poor ,ider 60 perce nt after I I months.
 
households tend to huy NISG i!sinall packets ot"5
 
e or less w\hCrcas httIel-olT -ouLseholds buy larer * Field trial ;'esults:
 
a11mountls. Forlitication o1tsmall packets (dI N'.SGllrCnSii A1(1{ unde fI- ' ,(rS-Ol, 1 ir
 
Would ithIs tlr el2t e lowcr soCil 

groups. 

Fortilicant: Dry xitamin A painlititc TNype 250 
CWS dispcrscd in aincdihlc carhohydr tite.stalbi-
litcd with OntioX.idants. aMId C,,1td with iwhite 
pigment. The 'ortilicant, known as "'whitei 
vitamin A. is ilcihIc in both hot and cold water. 

* 	 Potency: "'White"'x'ita.mlin A I75.0())I vitamin 
A/g. 


* 	 Dilution: 17.1 k, "'\hitc vitamin A mixed with 
982.9 ko MSG to pro.idc 3,000 ILI vitamin A/o 
MSG. Dally, MSG conmu !tion lc\cls otf adults 
and children rc iIthe order of 0.4 g and 0.2 g 
respectively. Thus, fbriiicd MSG roVxidcs On 
avcraL.c alax iiiUIl ot 1.2()()and 600) IUx tain 
A per day to children and adults, rcspcct ivCly, 
These lcvcs arc closc to the FAO/WIO( 1988) 

critical intake lcvcls. 

Stability: ". hite' vita n in A is sensitiv c to 

oxyin. Ihigh m1,i1piaturcs. moisture,.and light. 
It c1omp-tares alVorabhly) I,ith Ulcoatlc~d vitamin A 
and rletins Inore than onc-halt o( its potelcNy 
whcn Itorcd for over 18 months at 25 1C and for 

Ox'cr scVcn months undcr mioist dark cond itions.I 
Therc is .:vilencce that the white coating doubles 
the stol age lile of"whitc" vitamiiin A under light 

conditions. 

Undcr conirollcL conditions, tie ftortificd MSG 
retains one-haif of its potenc f'or over two veal's 
of storaoe at tt21 ltIt S filto 15Y ,h til 
loss of x'itanin A actliiv' is hih when+th fir-
tiled MSG is exlpos.d dircctly to iighlt P-ec.au-
lions also need to te takcn to cnstlrc thai forti fiCd 
MSG is not cxposcd to illoistlrc. To)avoId p1hYsi-
cal scparation of' whit, vilainin A froili MS(., 

ag~ghonicratioi of'-;hite" viruamhn A into clusters 
with particle si,es sililar to that of' MSG is 
necssary. 

In 	field trials, tortified MSGS -C overrecaincd 90 
percent of' its vitamin A activity after two 

o g i dr nc:i car -old anif 
provcnicnt i "C1 retinol lcvCls: a rl-Cd1 .C)iolillthc lrevalnce olI'low and cl'icicnt scrilll "etinoi 

levels: a reduction in thc level oflxcrtaimia; 
an i111proVeuCn! illrowh: allincrCase in 
hatC h,in1h
levels: a45 p;uIreduct ion in the 
mortality rate. 
Inrceised rtinol levels in breast milk. 

*Technical and distribution lrolblems: Loss of 
"'white" vitaini n A intoritv ;tflcr cxposure to 

markctin, conditions. larvc variation in the 
vitamin A content olthe tort ificd NIS5. 

Constraints: Il Mcsi an cy, onpo1 vlirequinres 
scnsus lcfotc takint' anion. The (on.Umcr1s 
Union and some M,'SG nan l',lcttics rcs istcd 
the use of NISC as the 10od xchiclI. (.'Ilntrove'rsv 
lc\'cloicd oxer tic safctyx ifNMSC. as a tod and 

thus over tort ifving a lod wh(osc cnti:smptioa 
p rhill'; should 1101 he C nC 0tl'di.'ed. N I lLil2
tUl'crs ot N/IC.wcrc, ntl sat isficd thati thc tcclh
nI 	oI y01' a su n t ls h itcp ct. 

.	 Cost: icasihilitv study indicatcd that MSG for
uti'ation would cost U$0.()6 prchild pierycar.
11 ' Iit I 
Ox'c111raiproeram11 cost is cst imatcd to hic US$5 
million iper yar. It is likely the cox'ernnicnt of 
Indlonesia will require for-tlficatlolit' NIvSG.ill 
packagcs iicow a ccrtai n siic. with thc cost 

sl)rcad over all M1vS irrespective otfpaclagc 
size. rladually, howexer,the cost will he passed 
()Itto th1kconslic t.uirough allnual rcdiictiins in 

the level of -o\erllenl s'lsidv. )nlv a utt 

one-third ol'th N1SC; wi be Iiortilcd, thcorc.tr, 
the incrcasc in price xvill he rclatix'cly sinail. 
BleIrisC liricc pIanhy Will be i ain1ltai ncl, con-
SUlicrs' will 1101 Sxwitch to InIFkti ficd MSG. 
[ortil'ication of MSG with both vitamin A and 

iron has bccn laboratory te2stcd in the Philippines
(Bitcrcildel, 1991). The doullc tortification ap
pcars feasi ble as long as fie MS is a milled or finc 

mesh crystalline product. Microniized terric (r*
thophosphvte and zinc stcar-ael coatcd Wih feTrrous 
sulphate have been added to MSG along with stabi
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I. FOODS FORTIFIED WITH VITAMIN A. IRON, IODINE, AND PREMIXES 

!ized vitamin A palhnitate Type 250 SD. Sachets 
comprising 2.4 g fortified MSG contained 15.000 

IU 	vitamin A and 5( g iron. Both products were 
found to h,.veirav'laIe color, tslC. I1io'aVaila ilty. 
and particle siue characteristics. Storage trials ini.li-
catcd th it tie iron did not inlluencc vitanfin A 
activity. Large-scalc productin Irials and hield test-
ing of tle prodhuct need t be catrried out. 

Whole wheat 4 

Fortif'ication of'\%heat with vitarnin A has heen 
considered in Bangludcsh I 1)artwn-Itill, ILM-, 
Crowl,;v 'C1,l., 199)). Whetl, tIre least prf'crted 
staple, is geerally eaten Iby the very poor. Wheat 
aid (Title I1) _,oes to the partiCLIlarly disadvantaged 
through prouram, tart'ted Io those Illo,. ill need. 
The mixing of svntlht lic vit auin A powder with 
wheat flour Was considered but rccced ,5 'np-

propriate. the reIasotn is that Bang ladesni 
hou:,cholds tend to buy locally milled wholewv,,hCat 
grain in the market. 'lltIus, whole wheat fortificationwas considered 

* 	 Fortiticant: Premix (known as vitamin A wheat 
concentrauc) of concentrated vitanrin A attached 
to wheat grains. 

* 	 Potency: Not stated, 

Diilution: 1:400 of the premix to regular wheat. 

• 	 Stability: Not stated. 

SResults ot field trials: Not stated, 

* 	 Technicia and distribution problems: Not 
determined. 

Constraints: With no explanation, the govern-
nient of Blgloadcsh did not appiove ftie project, 
which was to have dcmionstrated the technical 

feasibility of' fortilfication and confirm its nutri-
tional impact.pe

tional itpact 

* 	 Cost: Not stated. 

Rice 
oth I.omiican Republic (Erodi and 

Scialpi, 1976) and tie Philippines (-Iolenlino and 
Pedro, 199(); NIurphy ut a/.. 1992) have attempted 
to, f'ortif'v t-nc with vitamin A ( lubin.Iiiodi and 
Scialpi. 1977). Rice f'ortlification, ho.,e\ er,rlUires 
an aproacl that dilTers from other lood vehicles. 
The reason is th11 rice is cnsutmed as atWIoC craim 
that is I+:ickcd o\r l'for irrcuhlar kernels lien, washed 
heJore cookin.. In addition. cookine limes .ai'rv by 
culture. Thus, the trutificant has to be resislant to 
both washirn' and cooktine. ltilitally, rice was for
tifed h atplying a coatting t111 incIuded vitamin A 
Io rice iains. The vitainin A-coated rice grais 
con!tittited the premix. Technicall. tie fortifica

0ion1i)cess \was Viable. bul the pr,)odtuC was UInac
ccpt:ble to tIlnePI i eauthorites;C because 
washimug losses rairged from (1to 20 percent. More 
recently, a synthetic r'ice ci'aun coilprishng vitamin 

A has )eCn de\veo)ped aIs the fdrItilicirnt and istn
dergoing field testing. 

* I'ortificant: Prenix of rice flour (nade from 
broken rice s ortiried with retinol pal
mitate 250 SI) in ;ir acacia iatrix with an
tioxidants. preservatives and a small amount of' 
lipids. l3y using a pasta ext ruder, the pren is 

lomilhted into grains similar in appearance to 
rice. 

Potency: Premix 2,000 - 2.500 IU vitamin A/g. 

* 	 Dilution: I: 199 prenix lortified rice to regular 

rice. Fstimated to provide 13 IU vitarnin A/g
fortitied rice. 

* 	 Stability: 100 percent retention of' vitamin A 
activity in both the prernix and synthetic grains 

after washing t(.sts. Cooking relention of vitalin
A varies enoriously (46 to 94 percent) depend-
Ag onr the lipids and antoi idts used to fornIu 

tate the synthetic era.tus. In the Philippines. a 50 

pt 
rce n.ttcooking stability is tie m ini mluml 

criterion for acceptability. Combiinations of' 

niore saturated oils (penut. coconut),
tocoplcrols, and ascorbate are recomniended fi'or 

4 Appendix 5 summarizes the technical feasibility of fortifying cereal grain-based products. 
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FOOD FORTIFICATION INDEVELOPING COUNTRIES 

adequate vitamin A , icservation in the synthetic 
rice premix. 

Field trial results: Not deltermined. 

'recihnical and (listribution prolbllnls: tor-
iuliol of Sil uilated kernels is easy, hut 
production can be a problen. Sol't kcrnels leach 
in the washin. wti, Mhile e.\cessivelyv hard 
kernels which will not be digestCl,iimay be 
detected in cooked rice, picked out., and dis
carded. 

* Constraints: Not determlined. 

• Cost: Not stated. 

Tea 
Both India (131rooke and Coit. 1972) and Pakis-

tan (Ful1cr 0( a/.. 1974: (-'rowley ct a!., 1989) con-

sidered the fortifcatlio, of' tea. Both lea dust 
(snailest lea pallicles) and lea leaves were success-
follk' forti lied in India. Pakistan showed interest nIllooke 
fort ifyi iletea leaves. 

Fortificant: Tea dust is t'Ortiied b' di mixing 
dust with tinc-powere!d \itaunin A plunlitate 
250 SI). Tea leaves arc Iort iliCd by usInhg elnul-
sions of vitamlin A palmiiale an1d icetate iM;in 
acacia and 50 peicelit dcxiri ( or sucrose) solu-
tion with 1311T alld dil-alpha-ocoplherol as ;a1l-
tioxidanis and sodium beiioate as a pireseV
ative. Vitamin A concent-ration 400.00(0 IY/g oi 
50(0,0( 1))U/ 

* lotencv: 125 IU vilamin A/, fOritified dry Iea. 

I)ilution: One 150 m111cup of tea brewed from 3 
1)dryleaSLIppiics 375 IU vitarilin A/cup ot lea. 

Three cLil's oftlea a da pro ideI1.125 IWU.which 
is equiivailent to thC curlCnl a\crawe inake of' 
vitanmin A ill !ndia 11oe tlllan tle critical int:ike 
10',d for-nonlaciaCting2 adt1s) an 

with vitamin A emulsion diluted ill water and 
dexti in showed unsatisfa-ctory stability (20 to 85 
percent retention depending on storage condi

oiosI but vit:unin A eiIIi sioins cihllulld ill 
sucrose soluiioh m retained 90 to 98 ic-ent.Oftheir 
vitamin ,A activity when ,oicd Ior up to a )'ear 
at 371'_C. Vitamin A paluiltatc ill both the pow
dCId anIIId suciosC-dii uted emuClIlsion Itorlns 
showed 10())lecenlt vitaminiA activityafler one 
hourofb0oilinj. 

Field trial results: Not disclosed. 

Technical and distrilbution lrolenis: None: 

comnercial-scale trial demlonstrated feasibility 
.)f for!ificatlion duiinn, processing in individual 
or bclling7 plants. 0)rganoleptic characteristics 
o1 unlforif'ied lea inaintiaCd. Shipping tests 

showed no apparent signs of vitamin A segl.ega
tion in lea iortiiled with thc sucrose-diluted 
eiulsiol. 

Constraints: Absence ol support hroniimajor tea 

blending companies (Lipton and Bond). 
Fludine (1SAfl) \\ ithheld until completion of 
studies on tood consuipIIltion paltternS and ntiri
t ional stalus. Studies iin\Cr cmOipleted; pliject 
lost lnlnntum. Government of Pakistan. in 
COnljunlCtiOI with a iiior local tea blendilg coill
pany., underlook trials of ftriflied lea Ia\'Cs in a 

limited iarkeling airea, but the results were not 
disclosed. 

Cost: Estimlted total mnufacturing cost of for
tifying at 250 U vitaiiin AI/g in Pakistan was 

US$0.01 5/kg (1974 prices). of which the in
eredients accounted for 94.7 lercent, nlaihl
teliance ad depreciation 2.4 peicent, quality
coirol I.5 peircent. and labor 1.2 percent. 

Fortification ot soybean oil is Currelill ulnder
approiately rial inl ai Favao c e., 1990). Ve;rcntble oil 

38 percent of the R)1 in Pakistan. I\wo CLips o. 
teaa day 1p1rvi% ai&least 75 peicit oltthe critical consutin in irUictLiu soybean oil, is mncieasmn, 

intake le\cl 1or all cinildren. rapidly throughot the coulitrV. espZeially among 
the lower social and econlllic scoto.r. The I-son 

StabilitV: 1-tiliedC teal dust reCtalinedIrelairicdlCL85 perlit isthat soybean oil costs less than other oils and fats.teaO i-Olltt-ent Vealelity: Oil'e CSi[1 Is ISlS 

of its vilalin A activity after one year of storace Vegetable oil rocssing is centralZi7ed anLt!uo

at room tenipelato me.Fortitied tea leaves sprayed d y u ipan ics and coiperatiyes.t hims 
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facilitating large-scale fortification with vitamin A. 
Comr mercial vegetable oils are traditionally packed 

and scaled inl metal cans and thus are protected from 
light in storage. 

• 	Fortificant: Rc;inol palmitate and antioxidants. 

* 	 Potency: 1,700,000 IlU vitauin A!g. 

Dilution: Fortified sovbean oil provides 200 lU 
vitamin A/g. AssuLption that daily consumption 
of oil amlon1g the poor in southern Brazil is 15 
30 g: thus, fortified oil can contribute ipto 6,000 
IU vitalin A per day. 

* 	 Stability: Fortified oil retained all its vitamin A 
activity for six llonthis irrcstpectie of whcther or 
not it was stored illscaled cals and in the dark. 
Afer nitie months. forified oil stored in scaled 
cans in the dark, retained 98.5 percent of its 
vitamin A activity. Ater 18 monlhs, liowever, 

this salle oil registcrcd ollv 41 Iperenl of its 
oriinal vitamin A activity. The vitamin A ac-
tivity of fortified oil stored in open cans began 
to deteriorate after six mloilths: oil stored in the 
dark retained 33 percent o1 its aciitily, but oil 
stored in the light had a ne ligible ainouit of 
vitalin A after I i oulths. 

V iai n A Was uniformly, dissol d and diS-

persed tihroughoul ,he cans. and there were no 
changes in the oil's organoleptic properties. 

When hornial household cooking piroceduires are 
followed, the vitamin A activity of rice cooked 
with oil remained at 99 l)rcent and at ap
proximately 90 percent for beans cooked with oil 
(boiled or pressure cooked). Repeated use of oil 
ill frying, however. (lestro'ed the vitainin A. 
Indeed, after foMur repeated fryings one-half of 

the oil's vitamin A activity had been lost. 

* 	 Field trial results: Not undertaken. 

" 	 Technical and distribution problems: Not 
dettrmined. 

• Constraints: Oil consumption data are lacking 
and purchasing patterns are not docuelnted. 

* 	 Cost: Not stated. 

Salt 
Fortification of ,alt with vitamin A has bcen 

tried under laboratory conditions (IlauCrifei od and 
Arroyave 1986: Crowley cI al., 19,89: l-;lUelnlfeind. 

1991). 

i 	Forticalint: Dry v itamin A palmitate Type 250 
SI) protected by a lipid. 

* 	 Ptencv: Not stated. 

* 	 Dilution: Not stated. 

• 	,4ability: Protection of'vitamiri A activity ,-was 
considerabie up1o a moisltueICleel of about 2 
[let-cei. 

* 	 Field trial results. Administration of salt for.
tifed with 440 1U vitamin A/g over a six iontih 
period was lfolld to be Cfective illimproviing 
vitamin A statLiS 1ainonc_,1 p1rCschot1-ac children. 

Technical and (listrilttioln problems: Salt is 
hygroscopic which anl Ihll it imtlS1 eithermell 

contain a desiccaot oe bc packaged in a nioistUie
rcsistant package to prevcii it from absorbing 
InoistLure. lnIuritiCs in the salt and nonui iforll 
crystals also destabili/c vitamlini A. 

~Constraints: Unless salt isavaiiable at low cost 

to all tiloughou ittheco try. Iortificatioti lVay 
iot be feasible on a commercial scale. 

• 	Cost: Not stated. 

Fortiication with iron 

Wheat flour 
Whole grain cereals are di fficult to fortikI' with 

solLble iroi compoutris because tie ortificants are 
susccptiblc to fat oxidation duIin ,torage. thereby, 


reducing the ccrCal's shelf life. f-lowevr. low ex
traction fours. which cot0nain1 less fat. phytic acid, 
and fiber. are good lood vehicles (Cook and 
ReussCe'. 1983: AITVV. 1992). 

• Fortilicant: Reduced iron l)0xcldrs \VhlC long 
shelf lIe is expected. lerrouS sulphate Men 

is expected.short shelf lil'e 

• 	Potency: Not stated. 
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* 	 Dilution: Not stated. 

* 	 Stalility:Good. 

* 	 Field trial results: Evidence in developed 
countries sLccsIs that iron-lorti ied flo1r has 
redIt cccl anid preve ted amn ini 

•Technical and distriibutio)nal problems: 

Elemental iron may scgregate on pneumatic con
vevingsy. maytv be extracted by m)a;gnets,SteliIs.atd eLgeof 
used to rCemovC c0.ontam1inants during milling. 

Constraints: Most of he wheat in developing 
countries is imported. Consumption generally 
favors higher- in,.:ome croups. 

* 	 Cost: Not stated. 

Rice 
DiscLussions are under way in the Philippines to 

fortify rice with iron (and other micronutrients) 
(Florentino and Pedro. 1990). The lortification 
method needs to account for i icionutrient losses 
that!anOCCutr when)Filipinos pick out unacceptale 
"obJects" hor their rice and wash the rice two or 

three littiles beforc cooking. There are two possible 
ways to fortlify rice. The first is to use simulated rice 
kernels (see I'ortil'ication of rice with vi amin A). 
The second is to use a rrnse-rcsistanlt premix that is 
coated onto the surface of ordinary rice kernels. 

* 	 Fortificant: Anhydrots ferrouts sulIphate 
;uspclisiorn is sprayed ort. pl hed rice. The 

solvent evaporates and leaves a relatively in-

soluble coating on the rice kernel. The fortilied 

kernel is then encapsulated with ia coatling 
r,aterial to prevent discoloratior and off- flavor, 
and to rmin irize tile dCgrCc to which the for
tifican is washed 0ff in cold water during the 
precooking rimsiticgs. The coating, which is in
soluble in cold water. hreaks down during cooik-
ing to release the nutrients. 

* 	 Potency: 14 g anhydroLs ferrous sullphate yields 
about 448 mg iron/ 100 g preniix. 

Dilution: 1:200 premix to ordinary milled rice. 
After taking iro account iron losses due to rins-
ing and storage, the premix provides 2 rng 

iron/100 g enriched rice (in addition to the I mg 
iron already present in the rice), 

* 	 Stability: Not stated. 

Field trial results: The color oflthe fortified rice 

ker'nels was hardly distinguishable from that of 
ordinar, rice kernels. The color ofl the fkortified 

Ikernels did, howevcr, change from a creamy 
while to a licht hCigc afler 20 weeks of 'storage 
vi room temperature. There was a L)percent lossiron after a standard rinsing and washing test 

Cthat involhved tw'o water changes. 

Technical and (strilmition problems: Not 

Constraints: Millers may b, reluctant to imple
ment the program if they see it as a way in which 
the go':crnmenl can monitor their throughput of 
rice and thus tlax 1oth them and the producers.
Indeed, this was the reason for the collapse of the 
legislated rice fbrtification program in the 1950s. 

Under the auspices of' the National Food 
Authority, the govCrnltnent procures, mills, and 
distributes rice for sale to tile public at a control
led price. About 10 percent of the total popula-

Ti on. largely represented by Iower- ncame 
grou)s, consumes the forti"fed lice. Targceti 
fortified rice only to this group is a possible 
option. 

Between I() and 15 percent of the popitlatiotn 
home poundlltheir rice rather Ilmi pay for ill ing 

services. For this reason, it has been proposed 

that the Ircmix Sld be available for sale in 
retail stotes ad Perhaps health centers. 

Cost: Not stated. 

Sugar 
Iron added to sugar is Well absorbed, especially 

if added to citrus drinks. However. a high proportion 
of the sugar constunCd by adults is added to tea and 
coffee, which inhibit iron absorption. Sucar flor
tification with iron has been tried in Guatemala 
(Zoller et al., 1980. Cook and Rettsser, 1983; Viteri 
in Levin, 1986, Molina, 1991). 
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III. FOODS FORTIFIED WITH VITAMIN A, IRON, IODINE, AND PREMIXES 

Ftd 
Fortificant: Ferric-sodium-EDTA. 

hydroeen su lphatC. The lalttr fort ificantcotZta, tefrnrcostly thal tile l'orlilcur. 
is less 

* Potency: Not stated. Potency: I - iron/g, sail. 

Dilution: 13 m, of iron as ferric-sodiu111-C, 
EDTA/100), gugr. Average sugar consumption 
was 40 g/da: tLhus, the fortified slgar provided 
more than 5 IIl, iron/day meicanl absorplion was 
just O\ l 0 pCl'C 1.er 6per1ce . 

* Dilution: i 5 1! fOrll'icatt per 1,,,osailt. which 
iprovidcs 10 to I5 ig, iron per adiult per day 
;.5t1inr an abs rlti n Ite of eice11 tintl 'in 

avrae intake of' 15 L salt per day. This is Just
Rover1 one'-third of the lIndian RI)l. 

Stability: At a collcelltratlion of I l,- iron/," '" 
Sul Var for1ititicatioll does nlot attect the color or 

Stability: Not staltd. 

taste of' sugar andgeatlyl retards Ithough does 
lot elimiate) the discoloratlin that takes place 
VhnCI the lortilicanlt is dircCtl\' added itota. Nct 
uLVtaIVOrabl1C IMrli~CiIs\hlSUIIr iSI'1i1fieLSifillavoaleia nOelrVacti whe ati i fied 

Field trial reslts: icidence of' aami 

* Field trial results: I a\'vorablc acceptance of l'or
tifLIed salt oicC people bcamiIC taniiiar With 

C'ruIShCd ,all. Sillilifiual ii1P,ll~ivclitilli 
haeioglbiu levels andtl a reductionl ot aniaem.ia 
stwith both ms of itllificalis. The largest rises 
in haciioglobil levels \crc amllollg people with 
the worst a\aei'ia. 

reduced substanliallh. 

Technical and distribution problems: Notice-
able discoloralion when coffee or lea are 

prep red wit11- 11- 01-il'CCI LI'ar.p
prep~ared xi th ironl-fortiied sCar. 

Technical and distribution problenis: The salt 
usedt in1fort itication shoul d hi:ve a.mlininmumn

Illo' rcent (div basis), a mai mum 
.il v 0 1'99t lpCrCC nIW ry b aSIS). a lllXiIL UIll 

lloistLUre colntelt of'2 ipCctCll and a1ilaXilLuiln 

• Constraints: Cost of' f'orificant. illa"CIi lillchloride lCvCl of' 0.1 crpicnt. Thesalt also n1Cds to be fIinC-Crained and of uniforml 

Cost: Forti fying stiar to increase al adul 

womanins iron iniake byv 5 i5lmga day (13 ilg,, 
iron/100 " Slar) adds I to 2 nercent to the cost 
of, sugar or approximately U 10 per peison 
per year. 

siZc. All salt inl lIndia imIUSt be iod .iCd.and studi es
of salt firtiticd xvitfh both iron aid iodine a'e 

'urrcnll Ulnderxx av. The iron salt in an acid 
inediuinL. \vhich \%as develCpd 1)1riron fortifica
tion, qutricklV de'comIposCs the pOLassi til iodate 
(tihe p-referrCL iodinC Collplld bcCause of' its 
better stability) in iodized salt to elcmental 

Salt 
Laboratories in India have carried out mIIost of' 

the recenit work on iron fortihicalii of salt. The 
gov'ernment~nl has passed legislation that authoriies 
the production of' iodized salt only. Work is now 
focused on m1ultinui'ielt flortificati olshalt ('oller 
cI al., 19808: Anon. 1983: Leviin. 1986: Mainar, 
1990: Bauernifcinrtld. 1991). 

iodine, whicli, in itrn., \aporizes quickly. A I'A'
tificant comnaining 0.04 ptassiumil iodatc (40 
ppm), 3.28 C ferrous sulplhateII(1)00 lpi 1'e), 
and 10 of' IaI per'ittcd Iod stabilizer per kg 
looks piromisiig. The bioavailabilitv o 'both the 
ii'on and iodine in the s lt after prolonged periods 
of' storage are reported to be good. A field trial 
has been uldcrtaken to stidy the ilmnpact of iroll
iodiine l'Orlified salt oil anaemia and Coite' con-

Fortificant: FIrolS sulplate vith sodiIm acid trol, but tie resiills are still inkilown. Con.sunlller 
pyrophosplhate as a coordillatinC aten ald 
sodiuill acid sulphaC as illabsorption enhancer. 
[ortificanit made f'rom either 3.500 ppm fer'i'oUs 

phosphate arid 5.000 ppm soditin acid sullphate, 
or 3,200 ppn f-errotis sulpliate, 2,200 ppil or-
thotphosphoric acid (OPA) (or soditim or'-
thophosphate (SOP)) and 5,000 ppm sodiuimnr 

acceptaclle afer storage nd cooking (no dis

coloration or ot-f-lav(ors) has not yet bCCI docu
mented. The technolo-y f'or proccssing and for
tifyig salt with lih nincrals needs to be 
refined. 

Constraints: Cost. 
: 
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FOOD FORTIFICATION IN DEVELOPING COUNTRIES 

Cost: L'S25 .0(/in for tile ron phospliaic for-sLidIcC of acidified milk would adverscly affect 

formulation. each of Mhich is eLii\ alent to 
USS0.05/k Nalt, l.on Iortilitcation add,. beteen 
50 and X() percent to tile cost of th ,,alt and cost, 
approximatc\ LESS). I toIt :SS).2) pr person 
per year. lortificatlol of Salt \ilh btlh ironland 
iodine dds approliimatl\ 51) percent to the 
retail price f salt. Neitier produccrs. nor con-
Suners would be able ito pay the added incre-
mont. 

Milk 
ClieI ha.s it roduced s(oInie novel ways of for-

tifying foods with iron W\alter. I9)tI) acidifyingt3'. 
. I . 

iron-fortiied milk and addiiucihe laCe hbini 
to whel~at biscuits,. 

o, Fortilit'aiit: , 511lhate.rl Ins'ts 

* Potenc: Not stated. 

l)ifution: 5 ig ferrous sulphate/I reconstituted 
low fat milk. 

* Stability: Not stated, 

* Field trial results: Signluficai, but inadequate 
reduction in aneiia ( froim 27 to 1( percent) 
amo clihil i Ia I 1edthreetoIdr1n i 5 months. The 
lmv bioa\ailihu I l l* Ilit he on k\',as hcliexcd ItoL 

tile health program for inother, and infants. 

The fact that only some milk manufacturers had 
the facilities to acidify milk and pack it in tins 
was viewed as unf1lairly restricting those who 
could hid to siupply milk to the NSFP. 

CCost: The acidification process and the need to 
pack the milk in tin cans rather tham in 
polyethylene bags sign l icantly increased the 
cost of fortification. 

Fish sauce 

Thailand has successflu! lV completed field trials 
on the use of fish sauce tsa vehicle for iron iorti fication (Garly and Areekul. 1973: Cook and Reusser,

hh 9() sdefo t s ~sacni 
983: [,\ ich. I1990). Aside fron111itLits itasacondi

inent. fish sauce often substitutes for solid salt. 

* Fortificant: FCrric-sodiuim-El)TA. 

Potency: Not stated. 

* Dilution: I ing irono/tI fish sauce. Mean absorption was 8 percent for meals that contained fish 

sauce. Average daily consumption of fish sauce 

was between 10 to 20 fil,which could pr'vide 
an additional 0.8 t," 1.2 mg of absorbed iron. 

* Stability: Good. 

* Field trial results: Signi icant improvement in 
vl il 


havec limrited thcdecline iII 1n1niacls. When. those receiving the supplent.
 

low bioava1 ilbi CIlit li as blieved tohenmlcilatocrit valies among 25 to 35 percent of 
Ic\ 

howver. asco~rbate ',, as addedl1111(lgII)(il ito 

enhance ir n absorpiton, inecinia IIi ie children Technical and distrilbution lroblems: Fish 
was virtual ly eradicated. Tia',ls iII a feedilg,' )arah S'l IS101C 11IIIC(I 1i11n0.ttlr h ul he C01tlnllr,,u 1111[tilld 

also0ramshoCd the positi\e iMpacts of irii- although its coiisuinlptioll is proigressively in
fortified iilk in 'C(ULiim a11i.ieia ill ifailts. crea.iillg. Fish saice is produced b' hundreds of 

" Technical and (listriuion Nroblemssin: local comlpNnies and Idistri buted lhroughNi 

prtblees: 

staited. 

* 
yotng, children." Constraints: Fcept for 

household iiieibers dlid not find the acidified 
i Ilk palatable. FIurlhlirCiotre. ci\en thall th1e 

popu~lar Natioial Sulei neii)tar 2 Pro-I 'Fei 
ramn INSI T))di,1tr~i miother" afters filk to 


they bring infa"iints I iiionitortheir tr for growth 
ing/EPi and Itiher prihmary health care activities, 
prograni ililpleii rllcrswere coiceriied that is-

local stores and street vendors. 

Constraintls: Too mainy producers. 

Cost: Thailand completed its Field trials inlthe 
earIv 1970s when fish SauLtCC was sold in 750 fll 
bottles at i cost of' US$(0. I-0.5 per bottle. The 
addition of iron was expected to increase the cosi 
Of'the fish SilUce by. 10 to 20 percent, which was 

CtIli\alelnt to 0.3 to 1.0 percenl ol'aThai f.lrner's 
e rgiv l o0ti Iin c e o 

average monthly income. 
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III.FOODS FORTIFIED WITH VITAMINI A, IRON, IODINE, AND PREMIXES 

Curry powder
rhe frti Ication of curry powder Wthilh iron was 

illitiated after AsiJan South Africans were d is-
covered tolhe iron deficient anaemic even as bhlack 
South Al'ricanS eridencCed ai iron ovCrload. Curry 
powdler is widelV uLed b\ ip(or Asia.ti houshoIlds 
but rarely Used 1w the black pOpulatito (I.alMparelli 
e' al., I9187: Hallhot Il 1. in I . rch. 1990). 

" 	 PIo CV: 10 in2 r siasala 

curry powder. Meanpercent.1983,.bIoavailalility of iron was1() 
10percent. 

" luhntion: 1.4 im, irl/,, i~llas;ala Ctnrr-V lpowder. 
* 	 inol/ aaaurpwr 

A\ 	erel'L Illa~sillit 'l'', pow+der CtOllSI.lllptioll Wits 

. gin per day. which WoudI increase iron 
availathilhv y .8",11y. put ay. 

" 	 Stalbilitv: Not Stated. 

* 	 Field trial restils: Aticr two \ears, field trials 
revealCd a ig2il licant improve inlit ill the iron 

SttlL, Of ". oinIe. \itl the greatest beilefit occrII
riuc am ,g tile ost amaeilmic individuals. No 
excCssi \L iilOll aCCilitlation \Nas obser'ved 

ll 0lltl2 il\di\idlIalN v\ hhit nl ial irOl ',tatU s at the 
beu in , lofthe trial. 

Technical and (list rib~Lntin problems: No 
Coinimercial st~pvof food-grade umlasala curry'rmd e" r. lPt\v+.er, 	 r 

* 

o1utset: thle progrml a,subsquently uited to one 
province. Two other Cosllsrai1lis \\te Lost and sup.>
plies. The prorani cost US$).54 per cild per six 
mtonth school year, and I 0 tons of " dried 
haeniclohin Or 125.,)1)I whole hlood \were re
quired each month to0 laintajit the proraIm+. 

Wheat flour noodles aie curritl\ tl Ider con
sideration 1'0[r iron and otlher microMutrient forti' fica
tion in Indonesia. hlie main conistraint is the lack of
 
expertise in this technical area (Kar adi. I 99(0) 

lMaize c;tan be readil l tort i i \ith iroilleaIl ' 
without any technical 1)roblettn, (CWook ai RletIss',r

lDry milled mlaizeL meal fotrtified with reduced 
iron (88 ml/kC maize neal )was stable after 56 da 

ofacceleratCd storace. T date. maie, ImILal las not 
bee considered asa o'+od clhicle ill dexelopiI;, 
couICntr'iCs becaus.,e al coidri+h1able aolunt 01' tile 
iaize consumed is processed at the loine. Hw-h 
ever, ,iven tIle increasig itillilblers of urban+ 

mi gralLnt dependent oilproessedI food. it may be 
appropriate to consider maize meal as a primary 

vehicle ( rlIlliconilt ries \vhereir Imaize is a staple 
food. 

Fortification with iodine 

Salt 

There arC a IILIiiCmbr of ways ill whlicl salt can 
be iodized. MIlhlds in[lude dI+hv illixing (prenmix of 
iodate with anticakiuC aeint made in a ratio of 1:9: 
addi.$I a premix 1t powdered salt in a ratio of 1: 10thi drip11u feedling (olr salt crysialVS: spra\ lixiuc 

(for coarse sall powdv(ler): a;Il sulbmersion follo\vdConst,;lraitsil.: Co+,st anlld the abseilce of aCti mnel'b-rin.Temi11( 	 slcel1wuedpnso 
cial suppl o -rad asala curry p der. 

* 	 Cost: Not stated. 

Other foods 
Wheat biscuits have beCm successf*ullv fortil'ied 

with hovine Ieiouglobin iII Chile 1(('00k and 
ReussCe. 1983: Walter. 190)()). Indeed. the lkrtiflied 
biscuits were uCd a, parft of Ilhe inatiomal School 
luich l'a1Mll (lor-childrl agL six 0to+ 1Xyears). 
Each cl I dce d lreh II M-rg biscuits every LIM . 
Whichl provided 5 ill IC Il-Iiron and about1 1 111 
absorbed irion dailyk. Althougm the irOgral resulted 
in signiicantl,, improvCd Laemo-hliin levels and 
iroll stores. rnoine of, the children was ailaeillc at the 

Ild S td Use LI IS 
the locatioi and type of' Salt. Where the salt is 

imipure. thle h1 u iiv hiiC. and lie packilg
materials not mnoitlIreC-'esisLaIt. the s)av inixiilC 
met hod is best. .\ htch-t ypC svsiem las ben 
devCloled1k1 small Im;ti'ujactt'ers iiInldia that do 
not IavC U colIlLIOLIS1,s'IV Illixilg, plant 
Veilkaeslh Mannar. I987: Vcmkatesh Mannar, 

I98S: lI)un and \,ll Id'llaar. I)9)I. 

* 	 l'ortilicant: Ptotassiuill idlide, potassiUlin 
ioMdate. or calcium iOLdate. 

Potency and dilttion: Level of iodilatioi is 

fixed I)' individual coniltries and var.ies by) such, 

fator's as the level of sal coilsuiption (usually 
betweeil and ,gn per persoiu per day and 
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FOOD FORTIFICATION INDEVELOPING COUNTRIES 

climate. In Africa, salt consumptio, is often 
relativelv low (about 5 Illgper person per day) 
while iodine losses are higzh: thus. it has been 
recommended that iodine be added at a level of 
I00 tog potassium iodale/k g salt: 108.6 no, 

sucar shortage in western Sudan where iodine 
deficiency disorder (OD)D) is endemic and atsugar 
over-sul~pply illK-Hr1ouIn and neighboring fproVin
ces 	where 11)1) is not a problem. 

potissIum iodatC proviccs I0() me iodine.ile.Fortification with vitamin-mineralI-	I 

Stability: Potassium iodide is unstable inimpure 
salt even tholih it is less costly than other fOr
tificaints and is neceded in sImaller quantities. 
Potissium iodate i:. so the need form1ore stable 

stabilizing andtdryine aents is lowr, 


SField trial restits: Significant reduction illn'r~ 

goiter and cretinism. 

l'technical and Iistriltioi prol ls: PackhIng 
is critical. Iodized salt sitored in jute bas loses 
75 percent of its potency because of inoisture 
absorption and leaching. Jot lIid salt should bepcke i, bagsForitturerfied 

S(Cotraints,,: Locistics anridtrasportf
stll to r'ellte areas. 

Cost: The cost of foIrtif'ied salt depends On te 

ilnethod of' fortificaiion. The drip Feedinhg sub-
nlersionllprocesses are less expensi elihan either 
the spray drying or dry inixi ne of iodai with salt 
because of lower capital ind operatingt costs. For 
illiodine Ivel on tile Order of 40 ppnl, the cost 
isaboult 11S$12.00 per ton. The general cost 
ciiide is JS$1).07 per person per year. The retail 
price of salt IOr the domestic imarket is utisually 
US$0.25 to U$ I .00 per kg, l1hough the cost of 
iodination iay increase the retail price ol'salt by 
2 to 20 percent. 

Other foods 
Brick tea Is fortified with iodin ill Tibet and 

West China. Trials to fortify sweets with iodile 
have been carried ot11 in the Middle East. Milk was 
inadvertenltly fortified with iodine when alliodide 
COIllipliund was Used to elilminatl' foot rot ill cattle 
(DunnIi. peisonaIl colnlunicailionl). S1tlg2 has ap-
paretlly been successfully fortified with iodilie ill 
Sldan. a1nd there is iliterCst in ilnineritin- a ftor-
tification programfl despite the fict that there are Io 
datii on silgar COInSIuiptio.I l-yCo though Suldilll 
rations and controls its stTar distribution,i a hulge 
black market for Slgir flourishes, leading to both a 
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Wheat flour 
By dlin1 ition, flour with a low extraction rate 

already has a micronutrient becauseIOW I. content 
mill in.c reoves the nultrients near the surface ofltheIliIl INC ie11tIII I,1 ieSI-*'~ l11
wheat grainii. Millin.g also reloves sor.e of the fiber 
1andphytates lha inhibhit iron absorption. For these 

reasons, white flour iS a suitable f'ood vhicle for 
fortification (Arroyave., 1992). Fortificiltion of flour 
with niacil, thiamine (131 ). riboflav in (132).,and iron 
i 

. 

Ol whiea IHlI Irforti lied with ile above 
lu bcrlnuirinlt nihtiluix in addition to vitauin A, 

piodized[yidoxine (136). I'olit. c lciuL. iCSl,Itiaeneln. and 
zinc have shown that oiganloleptlic properties ofbread are mainlained (CorZ,ulV., 1976: Rubin i a!l., 
1977. 

• 	Fortificant: MLIlIvitamli n-iron preiix contain1s 
dry vitamin A paiinlitate Type 250 SI) (22.7 
percent), thiaminie (2.5 percent), riboflavin ( 1.4 
lercent), niacin ( 17.8 percent). pyridoxine ( 1.8 
percent)., folite (0.3 percelt), rdLcd iron (29.6 
percent). vitamin F (22.3 percent), aind starch 
(I .7 icent ). Mineral pemix contains c~ilciun 
(78.7 percelt), Inagiesiul (I I1.6 percent), zinc 
(0.4 percelli). and starch (9.3 percenlt). 

11Potency: Vitanmin-iron premix 5 1,500 IU 
vitaiin A/g. 20.45 ing thiamine/g, 12.7 Ing 
rihollavin/g, 169 Iiniacin/g. 14. I mg free base 
pyridoxine/g. 2.I in , folate/g, 282 ill, ioin/g, 
and 106 ILvilamin / .Mineral premiix 300 ngi 
calciiin/g., 67 lng iil llei1111/g. and 3 illg 
zi nc/g. 

Dilution: 31 g vilaminn-iollplni x and 660 g 
lninelia prenlix per 100 kg flour provides 15.965 
IlU vitamin and 87 ig iron per kg of flour. 

Stability: Fxcellent stability of vitanliini A (I100 
percent), pyridoxine (99 percent), folate (96 per-
Celli), vitaminin E (95 percelnt). thiauine (95 per

http:JS$1).07
http:11S$12.00
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cent), and ribollavir, (98 percent) in vitamin-iron Corn meal 
premix after six months at room temperature. YClhOw corn meal has been f'ortil'ied wilh a 

Excellent stability of'vitamins ( (ovr 95 per- vitaiflin-iroli ani ineral preni\ (ort (' id., 1976). 
cent) in the lortiliccl lor alfter six illitlilhs at Fortilicant: N1llivitaimin-iron premix contain
roon temperature C\ ell \v-ht linli als werc in- ini dry vitamin i\paliliate Tpe 2i SD (22.7 
cZluded. (rganoleptic" pmperries of bril'ietl flour percent), Ithiamii (2.5 prcicent iholavin (1.4 
were the same as fIor ilfortified f IctCi),I niciill (17.8 percent), p iidilelon1tr. 	 . 11.8 
Fortiied bread retained its thianine, ribollavin. Percent ), IOlae ((.3 percent), redticed iroll (29.6 
pyridoxine, and niacin activity. l-lovever. bread lper c lil), \irailil -(.3 pec ntt, and starch 
made with fortiliCd flot1r. which irclCded I n - (1 .7 percin. Mineral preni coitailis calciuii 
nesiinm and calciumil. slho ed lower viranilil A (7,.7 per.cnt huieniurii I.6 percnt, !iactivity ard, to a lesser extent. rec ed blare d rch (9.3 ptrc ent I.(0..4 percent). arn a 

activity. (iFortificationu trials in .llorand showed 
thal vi'arillir A activitv ilwheti llur leCC.li1e d Plten: Vita iiriror preni x 51.50 1) U 
insigiflicantly, dluiie Itora~C. l)stciii t vitamin A/z. 20.45 rii lhiainine/g, 12.7 img, 
italin A\ was also tgligile,(iabout 2 percent ribollavii/g. I l9gniacin/g,. 14. i1.l'gce base 

during the hakii, o,'Arab c bread. Brilad baking pyridoxitieig 2. ig,fkame/g. 28 ig iCoi/g,Z!, 	
-

I 'I~~~~~nd v1Hitamin 112. 1\Nil-Irme10)6 11trials coItuclC(l illIndia were also ,uccCSnll. .	 M ilr.ii lx30 l() rug 
The loir was friiedl wvith aiperuix c.iainine caicilnni/g, Ill" isigl/2, 367 lliagS ard Ig 
itol, vitaillin B I ,vila liill and A zinc/,.B2, vitaillin 

(8000 1U/k,, 1tl1.ur)). ( I)ilution: .31 
 vitamunin-iron premtix and 660 
Results of'field trials: Not Undertaken.R 	 mineral premiiix per 100 kg flotir provide 15,965 

ILI vitanin and 87 ilig per kg otllour.irot 
Technical and istriutioll problems: Ather Stability: Good stability oflthiamiine (100 pr
one week of storac. bread lmde wvithiibth the 
vitanmin-iroin ad liiinieal pre-iilixe developled cent), pyridoix int (11)0 percenut , vitalli n E' (100off-flavor that wa altriultl to ritiagetluin, percelit), folatc 197 pLreit), antd vitaliriii A (90[his was 
Tin a t 

nlt lhe case with freshl, bakedl blteatl percent) altcr six illonihs at roorii inleritlrC.filred riae wv)itlIi bot I ibxeas. Aflter 12 weeks ial45(' tCl ivaltitlllIto two andiIdatdition, ead11atl ,
r renidar.iker, hadit witeboth tc' +a Poore~r Ct~xll'C, M1liC¢lUire felt. ffl~ olie-ooIal ,ta. tiluli~ilc''llallyears at n mrii tertiperaltre ,vllin,vitamnin A 
proving tinic, iitl icalin!rigurther problet with Itlicy to ieci.fell 67 w 'ilei)rithlie. 
the u.5C of"niactiesi LImnani cale'i in)iln Ilaolte, anti vitatiin F'retaidietl over 95 percent of'Forti ic'a-

lion. their pioteicy.
 

" Constraints: Not stated. * 	 Results of field trials: Not uidertaken. 

" Cost: Not stated. 0 	 Technical and dislribution problens: Not 
stated. 

* Constraints: Not stated. 

* Cost: Not stated. 
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IV QUALITY ASS URANCE
 
AND CONTROL
 

Q ualily assuIanCe Mid CO;lroI CnsurCs thit tile Conditions, including tCiilCi-attrc, ligt't, mois
l:lullfctCIeIld f'ood is S. it; f'd tre. and ox\',1en.tl~ieittd. 


prtoperly labe'led., and meet,, all Compan. as ,well as
 

local and national govcrnment re tilations. An cl- * idcnti fying and reulatti the critical control 
fectix Cquality assnrance svstnC shmold inIclUtdc the poiIts that miht advcrs elv aftct 1frtilied food. 
folhlowin,: (i.e., Luality cotol of thc pfhysical envIironI I

. ent),. by coltrolling for dalimu-e 'rmotiship
testing ll ingredients st rerenc stand- iiii l pocssi. Storae 
ards.(thus requiring inenior", cltrmI),re'tailing (thus 

" iLentiyli ne qual it, Cnteria and chemical, requiring stock rotationi. and de Consumer (lthus
requLIi igpert i(ic SIlupli111L to \ CI-1'N l+)OI.CIItC).


Inicirbtolo2ical, and physical halzards, i.e.. 
ma no fa1'ZctoIiHmie control1. ai:Skh iJ~i aMi1ld ,uttin in place Irecall strateCy alld systell so 
nmonitOline the critical conltrol lpoints involved in that intie \Ctlt 01'a rec all, ;It1111t1,. r'FICll 
inlanfa*'cturi'eH2rt fOd nte rcl.; a1e and dIoconMentineta xcto anfcoeartyfact in ftfo ntrace 	 or identil, the product (and thus the in
a, action taken to alter tile lla t'Credients by isc e.
 
process.
 

periodically auditing thle sySell to ensore that 
* 	 establishing good distribution control to ens1re
 

that thef forid
ifalcturers aidhere to the atbove stages. and
that the f'or'tifid f'ood 1, L~aduhr'atd. pr-operly that forti fed IOOIds continue to meet illnnufacll-I a he! e ldadk i 	 ing spti as they advance througt theLicatiots 

ifood inarkeling chain. 

Tle implemeitatiC o of,alqU ality aSSlrIance pro- * elabling the mallluacturcrl to respon(d to con
gram involves eight steps (Wilson. I988). a,; fol- suLIer and customer complaints and to correct 
lows: any safely or regulatory deficiencies dliscovered 

itsit rCSLuh of any Complaints.
* deciding on the specificatiols for both the for

tificant aLd food vehicle in terms of prticle Size. 0 documentingell aspects of the quaity assurance 
color, potency. and acceptable ranges of fiO-iot 
tif'iCarlt,arnd tlr2,et f'ood vehlicle ftIrtif'icatiOIlL system and making the documentation available 

to those responsible for the fortified fIood.levels. 
Theoretically. all f'od ianulIcLtlrers hav'e a 

* routinelyunldertaking safety analysesof fortified qLalit 5 assurance system in plice. Fortilication ie

f*oods for chemnical, 1iicrobiological. and physi- quires modit-yhIg this process. Which, With the pos-
Cal contaninants. sible Cxception of thie iicronutrient says, shIouldL 


not incur mnajor costs or disruption to on-going 
imposing quality controls on the fort ificalt, the priOcedlucs. Vitamin A ass:iys gencrally require 
food v'ehicle, and the fortified food to ensure that HPLC which is both complex to use and Cxpensi v . 
all specifications are met. Quality control ac- Iron assays are relatively simple to perform because 
tivities inclode random sampling and testing of iron is highly react i\e. The difficulty with iron 
the fortificmnts, the food vehicle. and the fortified assays is not sO miich knoving how muchhion is in 
food for potency, particle size, color, packaging the fort ified food, but how much of the iron is 
integrity, net weight, adulteration. and storage biologically available, especially ilthe food is con
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IV.QUALITY ASSURANCE AND CONTROL 

laminated with nonl'ortil'icant iron. A salt-iodine inVol\'Cd in Ifod Ieelation conlnlit themselves to 
laboratory is estimated to cost between tS$2.O()(( qnal itv assurncC, it is unlike!\ (hit the ob.jectives 
and USS3,)()( Blailev, 1992). SinmlplC held tclui- of, food fortification \,ill le Inlt. Indeed. a recent 
ILie.. howeV''. Call hc developed. l:r .\amllpie e\lation o" tihe (tatcIlwikin 'dtlear I'ortil'icatiol, the 
INCAP Guatemala Sgar l'Fortilicati('n plrogr-aim progaram loulid that. vhilC the qoalily cotro lorthe 
devlopCd a rapid. se'Hicfuaintitati,.e colo-ritIltric premix ,a.S aLf+LfiCt1.1thic qulity control f'or deter
test for determining the itAin \ content o foi- mining the Maw)lii o1fthe hortification process "as 
tified s.t ar(,+\rrovx e c (d., 1979). Ilron assax tiel ,cav w ak. ()nly\ on1C (I +eAlrf'or ex.crvtalc 
tests also exist. Spot testin oalt for ioline citent (H ()IN,bags (If( Ilbs each) ol 'sier %kas anafl\vId 'ot 
is possible wilh simple starch-iodine lild tests that vitamill \ contcnt. ( )\. 9( percent of the samples 
cost LIS$2.0() per kit (lBailex. I -) . conltained \itanin A.bUt 3( percent ,..,'rnitl lrfr-

Th dcvhlopmuil. refinemnt, and inmpleniciita- til'ied 'withii the eCal limit bcuse,, proper 
liol of a ,otnd unait, ,,,,ranc s,,tl is ill- lhoino.geniiation of the %aiamin .\ pralUnix was nt 
s.truinerntal t d\ChlOpin, allfCctive.a practiCaf. and achie\cd (MNcKienev c/ ci.. 1992). The absence of' 
economiica l'rtilicatioi pograli. This,not only will an l''cti\e +qality control svtern to regulate. thet 

guarantee that ISOuf .hiclus are properly !fOrtified. productim of fortifled ..ai reultd illconltinued 
buththat they are delive'd to tuiii. aat the underlotrtil'ication fr \C a's after the prOZrai was 
required le\l, oI potency and qulahv. Unless restarted. 
lllmanufctlUlli-n xecuCtti\ Cs and go2\ratIle agencies 
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FOOD FORTIFICATION INDEVELOPING COUNTRIES 

V.MONITORING AND
 
EVAL UATION
 

[lhe goal ol food fortification is to i /creasete introducirg p ror Ims that wil! ensure the 
intake o/'a microlu/trient(s), thereby impovilig the 
mi runuiruil(s)sital o fa pOplttitOn aId prevent-
inl irreversible Iuactional dheme. [hepurpose oftod
ull~~~lcasCeatuhoring rora 
an c,,ahtat ion is to monitor thaeF,rtgrssotai-,~gii 
10)Cll,ul' 1 reSLtat d objI 	tile lp
We10 l 	 are Le(.to lIa~esur preslated c tiv s fiobjectives aiellet. 
Progress to)ward objectives cannIIol bC mneatsured tinl

less proc'ram goals are ,:larlystated, and tile neces-
sary baseline biochemical, clinical and ditary dala 
are col lecled and maude ,Ialle. IVA(; ())IVACOtren1988. 
has sugCested tha Ihte goal of V'ilamnin A f'OOd 1'-
tificaio )MS lll e educe: 

* 	 the proportio of the population with intakes 
belo\ tihe critical level (i.e., one-hal f the safe 
RI) level) to less [han It) percent: 

tile prevalence of' RumtUM s under 20I'lillO 
((100ml and under 1Ittg/I10 ml to less than 

15 percent and 5 percent respectively; and, 

* 	 the prevalence of cl/itca/eve.signs to the extent 
that Bitot's Spols With conjunctival xerosis do 
not exceed 2 percent, corneal xerosis/ulceration 
and/or keratonialacia are less than 0.01 percent, 
and corneal scarring is less than 0. 1 percent. 

INACG (19771 suggCests tha.t intervention ols 

may be expressed as a proportion of the population 

with hacnioglohlin colcelraltions below a certain 

level or as alnaccepted frequency distribution ofdv 
haenoglobin coicentrallions wilhin physiologic 
groups. Each contntrx nt set itIs ovn tn inimumstandards because not all anaciias are the result of 

iron deficiency. For example. tolate deficiency, 
vitamin 1312 deficiencies. hlmchiths. and parasites 
also C11Llaueniai. 

ICCIDl) Pandav eta.. 1987) state that the goal 
of iodine fortificatin should lie to reduce: 

* 	 the prevalence ofgoirer to less than It) percent; 
and, 

* 	 the itncidence ofnnaillpovruyridismto less 
than 0.05 percent by a defined time period, by 

availability of' a minimum oi* 150 .tgof iodine 
per person per day. 
l3w I he 1101Ion n( and evaluation processevaluationth
processs


tracks the extent t which goals are being met, 
periodic biochemical, clinical, and dietary intake 

aS'ayS need to be Undertaken and compared with the
 
speclific' intermediate targets as set out by the pro
grall desikners. There may be, however, other exterreandl I'oIctor'd imtaicCu 	 ,
 
tenal 1ac'Ors tha I illicronutrient status, 
C.. an overall improveiceni insocial and economic 
conditions, that cold resu ii overall imprve

ment in dietary intake. Itis imnportanl that exter
nallties are inlcluded in In]onitorirg and evaluation 
effornts because thev may confound the interpreta
tiOin 0! a cause-ellcot relationshilp between reduciCg 
micronutrient delfciencies and fTd tortification. As 
part of the monitoring atnd Cvalu'ation process, the 
critical control points inl the fortification process 
need to le reviewed to enlsure Ihat, among other 
things, th fortitied iood contains sufficient 
micronutrient:; to increase intake levels ard iriiipove 
biological status: is an effective means of in incucreas
 
intake: flows effect ilyCV throulgh the proper market
inc and diSt ri bution channels: and benelFits thowe
 

most in need. An110inef1Scti c or mallfuntIon inc 
component needs to be ident flied and corrected. 

Few fortification programsin plementedtodatehave underoone extensive monitoring and eValtm

lion. Exceptions include the GLatelIalan sug.ar 'or
tilication i rogram (Arrox'ave t o/., 1979' 
McKigney t 1992). the Philippine MSG pro-Id., 


gram (Popkin et al., i,980), and iron programs in 
Kenya, Mexico and Indonesia (Levin, 1986).
Venkatesh Mannar (1988) poinled out that most 

ID:) rograms suffer lrom serinus shortcomrics in 
their efforts to evaluate their progress and impact.
The main difficulties include poor definition of 
methods for IDI) contlt and surv'eilance, defective 
sampling in prevalence surveys, unspecified fre
quency for repeated ex'aluamtions, different clas
sification systems for goiter, inadequate manpower 
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and training, and insufficient resources for carrying 
out control and evaluation activities. Furthermore, 
many programs lack laboratory facilities and funds 
for checking dle iodine levels in salt and evaluating 
,heresultant impact on a population's health status, 
Similar shortcomings could no doubt be found in 
other fortification programs. 

V. MONITORING AND EVALUATION 

In sum, it wOUld appear that the failure to 
monitor and ev'a LItC lliCrontlrieltl interventilns 
may be an important reason ithat donors and 
developing coLntry governlnlts are so cautious 
about supporting food fortification. In other words, 
there is insufficient evidence to convince them that 
micronutrient fortification is viable. 
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FOOD FORTIFICATION IN DEVELOPING COUNTRIES 

V. ECONOMIC ASPECTS AND
 
SUSTAINABILITY
 

Econoniic aspects 

al CThe ecollollic Impact of't ltyi,'ell'Il Clill 
bCassessedb.perfurm0 cincstefcfctiveness and/or 
cost-bcncffitanl\ass. 

Costs 
The Costs icuirrcd in food fortificat ion include 

the lortiticaniilsI: IianpomI of ltlriiicani)(: cqlip-

Lanka. \\Vhilc the cot of1\ itaiin i. compared vith 
tie cost OfoIther nutrientS as Well as other pmocrain 
.Oilinp)OlC IIIhiV he COllsiidered cXpcnsiVC, the 
overall cost of vitamin A [Ortification can he rela
tielk, incxl)cnsi \C, CeScci allk whcmi coniparcd With 
the costs of \,itainiii A &I*licicncv, and the cost of 
other int\ervent ion,. 

The Cost ofl'on ititicanUts \'aiciCS dClcnlin on 

the sOlicC of thle ion1, tile O'ct :;Oin the! in 
nCIII tc'cnl'dcrs dIspLravesi',cs):cl, uipnllt nillail- oi0tificanit. its hioaiilahilitv. and itsunctioimlIy 
Icllalnc prodticti labor: qual ity LccTalehJ.[Usin icolor and stabillix. a R I of 12Las10n'an.c. 
inclndiiie a ,;inds sp cial packaging of' the to r 
lified proLLuct: nmuloittoilne and x,altlationu: and (in-
o'rt_.CHlll 1iid ICislation. l0,.icIca .the cost i,OIIlYv 

the additional ,Cost theofortifxi nc theCoLod \ChicCe. 

vxatlc olthC I'lOd \ chicle i,not ilmicdd. hi geCie'al. 

the O)Crationlltl an1dCOntr0 l
costsaC sniilI cOiipaled 
sith the c rCircnt Cost, ol Iic 1 icrntitlrien1lt(s) (Ai-
l-(\
a\e et al.. 1(979: Croxc\, 99(). Th,- cost of'a 
fortificationi i 'IraL.illhe IberrsChtCican1 it s eiththe 
total ct per .earl or ie cot,, per ke of fortified foOd 
pci eaB.O)th reclrreiit and outla cost atcr U 
t/iatiOi Slunld htiC dC. 

niiciounntrieint,.Amnn theill 'itaiIIII A,ill pil-
tictlarl. is Cpensi\xC . I.Ilnid Vitaiii A p.ihnmilate 
1.(0)0.0I)(I \[T vitamin A pal-ilainin A/, )and dir\ 

iniiaiC (5 I().ifi0 1U \iluiii ,.\/y) cnrreiitl\ cost 
I. S$46.1)0 and IS$47.0) per k. respcolively 
S(mhindcr. personuil com ilnicatlon. Using aiRI 
of 85(G ci tafinll ,\ per iAi'. Iisis, idalcnte 
to US$41 .0111 per omie millioi people. In the 
(inamiiafal1 %itannii .\fortif'ication program.ll retintol 
palnmimate acconnmed Ifo89 pecentlCCn of tIke total cost 

lArro\axe. ci a!.. 1979). (rowlc\ et ol. 11989) es-
tiiliatct thIlt tmild acconnill,itaillin A alone for 85 
prceit Of thC cost of f'tile'icd whet.l illlIrmr Sri 

m per periSon. the cot ran ,,,rom US$5 .0() to
 
F$SS4()().( per one million p ople. Fortifying salt
 
with iron in India added ibontLi
?() IpecentC to the cost 

,of, the salt. while tortifiin(, ,lila .\ith iron in 
(itiifumi lahdded only I to 2 perce.'nt to tle cost of, 
SLl;u (,Vorkiiig (G i Oil Forti iicitiOn of' Sailtu.1 with 
Iron. Cook aild Rcnssr ilLvin. 1986). More 
recently. it \as iitsocd a'the XII INAC_ (I199)) 
meeting that the Costs of i'il titicalis arc sit,
nificanit and increasing rapidly. -oweverino data 
were presentcd as to how Miueh ion fortilicants 
conlribLtC thio\xrall fortifieatioii costs. 

The pOtaSiiIIl iodide adilpotasiini iOdalic 
,ased in iojine fortiflication cost US,30.0)/k (DIL1nn 
and vanIl tI-aar., 1990: I.nd, 1991 ). At the reconi
mcnded fortification level (15) pg ioedine).raw in
,redients cost i total of1UiS$8.)) per one million 
people. To providt- 15 to 40 ppmn iodine, thl addi
tiolLna cost (1988 pricS)u) 'onld be (IS$).75 to 
LS$.()peimootah.Theivcraeeostof idifin 
a toii of salt is ;S$7.5P( (ranc US$3.95 to 
IUS 12.50): with packilg- US$1 1.5) (rianle 
LSs 7.95 to UYSSI 6.50). This is equiv'alent to 
US$(.())4 to US$0.0 16 per kg or to USS0.02 to 

("+otr,cft.h" at1Iihe resollrce,l i trcie t d lik the iioniiticnis to the tilrpi popilalion. (".l-e//ec'il',e,. refers 
to Ihc cllicicl ,(tiI dtceli sv ici in cliniinatilmi cy a io, 0c, wiith de ittIiiani/r 1Iteviatig i'the defici 


eid\'c ucncc, Iincre',,ed mIorbiCtii. hIind es. trig h %voikeribseice. to\w wo rkcr produic ivixitv,
c' 
 etc. )associaled 
fill ilie dehfici over a gixcn peri d of' limte. ('.st-ben'/,/i a.lysi is a method olfasceraining whelier the intervenltiol 

ikhth Ica,,ihC illdthe best o)ption gi en available re~sources ILe in ct al., 19911. 
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US$0.06 per person per year, which represents 2 to 
20 percent the retail price of salt. 

Cost-effectiveness 
Cost-elffeCtivcne'ss ilMay be neasurIed ill trlms of 

the delivery snstem or biological cost-effectiveness 

(Arroyave c W.. 1979: IVAC(G. 19,4; Levin et al.. 
1991 ).The dClivcrv system ost-effc enlCss :1n-
cludes: 

(I)the cost per person per yer: and, 

(2) the cost per unit oflnutrient utilized. 

Biological cost-ctectiveness includes: 

(3) the cost per protected pelso per year where 

protecion is dcined as a reduction in the number 
of the tarctLcd )opulatiun who fall below the 
critical level. ,hcther l'a.SlrCd in terms of i-
take, serum levels or clinical sicnis oldeficicc:. 

(4) the discotuntCd healhv life Vear gained' 

(5) the cost per lif' saved: aild. 

(6) the cost per unit (if economic podciItivty 

gained. 

'I//.( 91)1 ) indicate that ad 
leakage are necessary in (I ) LInd 

Levil (' us meits for 
(2). This is because 

not all participmIts are at risk of d1e ciency: there-
lore. the cost per at-risk person is greater than the 
cost per recipient. For example. if only one-third of 
the pOf)uhltion is at risk of Inicrollntrient dcl icienc. 
then the cost 1kr each at-risk person is three tinies 
tile cost per person. Levin cI al. also poinft outllhat, 
if leakage is hiigh. tarceting will not neccssarily 
make a prograim more cost -effect i ye. Ift ile costs of 
activities nCCed Ioachieve targetinc arc hicl. 

VI. ECONOMIC ASPECTS AND SUSTAINABILITY 

In order to measure (4). (5). and (6). the 
prevalence rates for the deficiencies are needed as 
well as the age distribution of the population: the 
denmgraph ics of econio)IlicallV active populations: 
the excess mo;tal itV due to micntltricni delicien-

Iis. nicronutrient deficienthe disabillies due to 

cies (frtial andlotal Nindness. Mni a. cretinfisl, 
goiter): the coCraC and effectivenCss of the piro
gram: the discont rate: the 1ifcexpectancy: and the 
cost per capitl. The allullwail to\,I.c rtilte iS needed 

calculate (6). The expense of* obtaining the data 
needed and other ICmnds I the scarce expertise 
available to condtlc tfIcse analv.'ses make this type 
of cost-effective anal,\sis illpracical f0 mnry 

de\Cloping CotllltliC. A11though 11o usually ex

pected to be a problei, consunler conipliance can 
be a prolCm With fkrtifiCd food ald mLSt be taken 
into accouLnt when determniniuc the effectivcncss of 
ZI,,." \i f/. point Mt that Whena fuglam, levin (1991) 
a comnmodit, is available in the market. as bothla 
fortified and unfortified food. consumrconplince 

may becomeIa prfIlCEI r.or.fr example. had 
to nounit a social marketing campaign to promotethe use of idied sal beanse othe availability of 

local unfortified Si'lt. In addition, stora,,e losses or 

losses due to en''ironmneitall decradat ion will adver
scly affect the poteIIcy olthe lortifiCd food and thus 
the effectiveness ofa fortilication program. Table 7 
shows IC\ in cl of.*s calculIkit ions fkOr the returns on 
forli!icat ion of iron. iodine, and vitamin A coin
pared to supplenentation. The table shows that for
tilication is cost-effective in all cases. 

Cost-benefit 
Cost -benelit analysis looks at a prlogratm's 

private and social costs and benelits. The private 

TABLE 6 
Costs of Iron Sources Used in Fortification 

Fe 
% 

1990 
cost $/kg 

Cost 
$/kg Fe 

Bioavailbility Color Stability 

tydrogen reduced iron 
Electroltl ic iron 
Ferrous sulphate 
Ferric otlhophosphate 
Ferrous uunratc 
Iron EDFTA 

98 
98 
32 
28 
3 1 
i3 

L94 

4.71 
2.35 
2.73 
2.94 
2.4 

2.00 

4.8 
7.3 
9.8 
8.9 
IS.5 

Fail-

Fair+ 
Good 
I'oor 

Gotd 
Ex'cel. 

lack 
Black 
'Fan 
While 

Red 
OfT-w\ hile 

(iood 
Good 
Fair 
E cel. 
Fair.? 
Good? 

Source: INA(CG (l1990). 
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FOOD FORTIFICATION INDEVELOPING COUNTRIES 

cost is primarily the increase (i' lany ) in the price of 
the fortiftied food. The social costs inclode any food 
price increase re 'ironiI he programi. as well 
as the proglans oerauine and maintenanc'e costs. 
Clearly. the economlies Ol scale Vis ( Vi. equipmenlt 
costs, the discounted rate of, retturn tine Iramtle. 
fluctuations in the 'orei en exchanee (which deter-
mine fOrtilicant Costs), IlicIa!ions in tll price of 
the food vehicle, and ilation also have to be taken 
into ICcOLIIIt. 

The private bencil from I0(d lortilfication 
collies I'rlnl the addlitonal itcoie earned ox er a 
lifetime as a result of coipletely elilinatiell the 
delIiciencyl (s). which, in turn. red uces an 
individual's risk of dyine: greater ;norbiditv: lowVer 
prOduct\i it,v: lower cducational attainllilt" 
reproductix e disorders: and physical growlh rWtar-
daliOll. The social bcefitsIlAe the sa\ingsg in public 
health ca.re: receLC.d absteeism: increased worker 

lprducvli\itv lax r.e\llue Lclmns that would lccille 
froln11 the iIcreased ilicOlie Carld over aIll 
iidiRial 's lifeiime: improved school terfor-
nIaice: Illd reduced expenditures on special ser-
vices for the disad\aintacd I(Popkin ci a/., 1980: 
Levill ct al.. 199 1. 

13ecause f the dearth of dala in deveopinilg 

countries, it is particularly difficuli to iiie;iSulre and 

qlatitxI Ihe berrsfits oflfod ortificialion. Nverlthe-
less, Levin I I 86)i hms shown that the bc.e fits ofirotr 
f wti fication. even unidr aIcmservat i e set ol con-

ditions (haemnioglobin c,,hange of 5 percent and a 
work out pnt elasticitlv of' I), varied from 5 tinies the 
cost in Indonesia to 30 aid 49 lies the cost iil 
Kenya and Nlexico, respectively. Popkin i al., 
(I 980) found thtai e benefils oflvilaiin A fortilica
tion ill the Philipphis ranges from six to 21 times 
the cost. TiILden and ( ross (I 9 8). howeve., suggest 
Ihat over a 21) e-ar time irale I'ortification iay be 
the least cost-eflective (i.e. m)st expensive) vitamin 
A iliter\'entioh, while dietary llrodificaiion may be 
the llost cost-effeclive (i.e. least expensive) with 
supplementtation fal in betweeI. An imllportantlin 
reason for osilg such estilmatles with ciautioll is 
difciesdc t c0Co(mntry- spcfic conditions. 

It is universally trLI, h'we'sver. that increasina 

the intake of a inicronutrienl(s) restlts ill tissIre 
repletion arid reduces the risk of specific lissue 
niaf u'tiCionIS arid/or d.aleII ' caiuSeLd by the 
iicronutrient(s)Idef iciency. Furthernlor., foriifica

lion is as cost-eflectie or nmre cost-effecli' Illehn 
other iltcrvenltions in the ieal'crnl. It also inmproves 
tile general heallh of indi\viduals, althou h it is (il
ficult to isolate the bIeneici1l effects ol1i particular 
plgirrair on inproved health given the conmplex 
rnuIltipIe cniSS of pOOr health in develoIping 
couiries. 

Sustainability 
The cost of a food fortification program can be 

borne by i goverlinerlw oi- passed on to the consunier 

IRON 
2Upplenineli preCg nainl1 women 
Foi'ii fication 

IODINE 
SllppII)1t.'CltCr len at childx 
beiu'i ng amwon1 
SunpplteCmen all tinder hI .'rs 
Fo tificatit
n 

VITAMIN A 
Slpplelnnel runder 5 NI only 
Fortifican 
Sor' '': Levin ' al. . (I 991)1. 

TABLE; 
Returns on Nutrition Investments 

Cost/life saved Discounted value ($) of 
(Us $) productivitygained per 

program $ 

800 24.7 

2000 84.1 


1250 13.8 
4651)
1000 2 

50 146.0 
154 47.5 

Cost per
 
discounted healthy life
 

year gained ($)
 

12.8 
4.4 

18.9 
37.0 
7.5
 

1.4 
4.2 
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VI. ECONOMIC ASPECTS AND SUSTAINABILITY 

by increasing the price of the fortified food. It is eVident with th1e Iood aid arrivinie in SudaII during

important. howevcr, to klnow how consunicrs are 1986-90). )orIors shotIld ensure that donated

likely to respond to a price inc ease. he price aid, which can he fortified with liiironitltrients, 

food
is
 

elasticity of the food vehicle, i.e.. the percent ill- fOllilied befi're shipment to developiniI Countries.
 
crease/(lecrease 
 in] conslUllption for each percent Probahlv the most important tactordeterniliing
 
increase in tie price of the Iod vehicle, and cross- the sustainalilil of a Iood fortilicatoll inlervenlioni
 
elasticities f1'inter-challeCalC foods, i.e.. tile per- is that of foreign exchange. Itfgovernments perceive
 
Cent inlCReas-/deClAV:Ise ill
ConlSulillpiiOll of 'one alternative food I',frtil'icatiollfood that all to exists that 
when the price o'fan inter-chaneable food rises, are does not in,'ur ign exchange. Ile\ lle 1m1or1e 
important !i undersIandiie COInSumiCr behatvior, likely to show interest in tle altrnativc. Such is tile 

Invariahly, tile eco)iionlic groups most vn I - case with supplelents. whlich are Ceneral ly not
 
nerable to IlliC,'ronltrielnt deficiencies arC those, least purchased. Many countries ,ire cutrrent ly dependent
 
able to alfford food price increases. TIIs, consider;,- ol UNI('F: to provide high dose vitamin A cap
tion needs to be ',ivenas to how to better share ie sUiles fn'children alld ironl supplements I'm\women.
 
cost of food Iortification. Tarletin f'ortiflied food to The decision to use stppliiilents is ilade joiltly by
 

nutritjiIt deprived 

spreadinrg costs across society, would not only ap- of health. Vitamin A capsles (200),000 It, 


the most :llfv groups, While each UNICEF office and the host-corintry ministry 
vitailmin 

pear ilore "sociallv acceptable" but also 1iore A), for example, ale procured Commnlerciallv froml
 
feasible than either increasing i'ortilied food prices Western lurtopeanl pluariMacetitcal coilpanies at a
 
or Institnth l , tlintretcd fortification. This has been cost of ,S$1.2 each (IpIts It) to 15 percent for sea
 
considered for MSG in Indonesia (Iuhila l al.. freighl) and are financed from each COltry's

I988a, 1988b). ('rowley I11990) suggested tII one UNICEF health budget. ()ne aI'gumn,,:lt of ten put
 

option for Sri Lanka was to fortify only the wheat f'Or\kald fIor tihe &\ supple-
Use f1'high dse \ itainin 

flour distributed to tile tea estates where iutritional lents is hil they are inexpcnsivye. Too often, how
deficiencies are more \videspread than elsewhere, ever, it iS assunled 
 that tile Ilealh care deli\ery

The estimated cost of'$6 1,200 pr year w\as less than system does not incur anly additional costs inl
issuLin
 
8 percent f tl generalized fortification prograii. vitamin A capsules because vitamin A is no dif'

iIl
order to keep costs down, improve targeting. ferellt f'roin Iny other phiMIacetitical. and Ihus, the
 
and enhance the feasibility of' lortilication costs associated with it are borne by existing
 
progranis, more atteMon should be given to fortify- pI'Ogrilnus. This assumption is LIuestiliable given
 
iIg foods that selectively reach low inene or high of' training cill'e
tilecosts healh personnel aIbout 
risk groups. This incluides Iood distri buted throughli vitanin A deficiency: settingL Up and nmonitoring 
ration shops, work plograls, school feeding both pr'e'enlion and treatmilent proranls: and 
prograns, and N'MCH clinics. INCAP, for example, mlon itorini g capsule storaIge, especially \where 
has developed a f'crtif'ieI biscuit for school Chilhlhien properstorage facilities ionot exist. Indeed. Kensch 
in Guatemala. The biscuits are mlade in about 100 and Scrilmshaw (1986) state that a hieh-dose vitamin 
bakeries throughouL tIle coUtrly by using Iour A ditribution proraill may cost bct\een US$1 .64 
provided by WFP and sugar purchased by tile coin- and US$2.20 per iniiidtml. SucI progr.nms ilso 
iunity. Together, tile biscuits 1111d beievhc lag stipp- assumeli hal tilie health care delivery syvsten works 

ly 330 Kcal and II g protein and a significant both efficiently and effCectively and provides as large 
proportion of'RI)k olmnicronutricnts peIrday durine a Coveraee as fortification. 
the I80-day school ear. West and Somnner (19871 calculate that univer-. 

Al imipoltant aspect of' food f'ortificatioli is the sal vitamin A capsule distribution has 1t achieve at 
source of the food vehicle, particularly iflhat sonuice least 65 pericent c, ciqeraee bel'ore it has a la'.oirable 
is f'ood aid programs. Many of the PL 480 Title I1 impact on vitamin A deficieicy among pre-sclool 
commodities provided by the U.S. Agenicy for hi- clilIdren. The cvideuce to date suegces's tliat this 
turnational l)evelopnment are fort ilied with target, witlh few exccptiolS. has noti bCell met 
thiamine, riboflavin. aiacin, iron, vitamii C. aiid (Colien, 1987: Muhilal. 19 88a: West aid Solellil 
vitamin A at a level of 2,0(10 U/I 00 o.However. 1987). Gillespie ,eal. (19911 also note that iron 
not all donors provide forti fied l'odc\ven 1tlough the supplenients have liii led to achieve high coverage 
food must be I'ortified in their own country (as was or have a major impact on reduciing level.- of iron 

31 



FOOD FORTIFICATION IN DEVELOPING COUNTRIES 

deficiency anaemia. TFhe current emphasis on the 
use of pharIMaceuticals may act aS a disincentive for 
governments to work toward lass pirevetmol of 
micronutrient deficieniees. It aI so aISSLIleS that 
children tLndel the aC 0f hVy \'ars and \% ien 1aie 
the only grouIPs at high risk of 'itamin A dfciciell:y 
and anaeni ia. which may not be the cse. 

To ease the f'rei gln exchange htirden, govern-
menltS need to consider tie local or rcgi()t10a iroduc-
tion of' f'ortificants. In paticular, the chemica,. food 
and plariMacetiical industries should address the 
produIction of f'ortif'icants as ottcrowthsof( orusing 
by-products f'rom) other industries and investicatc 
Ihow to deteimilC or create demand fo forti ficauts. 
Alternative ways of' sbsidizing fOOd fortification 
also have to be explotCd. l3ailey (19921 doubts that 
permaneiit subsidies ior salt ioditation pt'ats 
should he implenenled, although he acknowledges 
that temporary help may be needed. pailicularly tot' 
importers of iodized salt who will Iace a price 
increase of 1I)ierIlt o1 m11ote. E'entVtal lv. the Cost 
could be recoveied thrt'oughi price incrieases, how-
ever, in the interi in, tetiorary suppoirt could c01i1e 
from donor institutioIs such as the World Bank. The 

same areument could be made for th1e iniportation 
of fort ilficants. 

In conntries where lfoods are fortified locally by 
a number of companies. it iiiay be necessary to 
provide tax incentives in the early stages of' the 
program to cover tile additional costs of fortifica
tion. thimteatfCy the consumer will have to pay. but 
payment schemes might take diftrent I'rlns. For 
example. i0anufacturers sLould reduce the auloant of 
the fortilied fkood in a packet but maintain the price 
Was was considered f0r (NISGin the Philippiines). or 
Irogram mnaMgers could target fortified foods and 
illclvase the price of' the food vchicle irresp-ective of' 
whether it is tortiihied. thereby maintaining price 
parity (as is considered t"ot NISG in Indolcsia). In 
fact. tile prodtuctioll costs incurred f'om foi'tif'ication 
result in only a small increase ill the price of the 
f'ort iftied food. Indeed. Ile price increases are i nsig
nificant compared with int'lation. 

(;O\ crlMcits at1c oftcn COitcCrnCd about tfortify
il, a singlC iimported foo dfco noditv lest it lead totlI 
diCc deilc e on both tile coItn niodity atid the 
tl icronutrient(s). While this concern may beJusti fi
able, it underlines the importatice of' considering 
inulticolmnodity t'ortif'ication. 
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VII. POLITICAL AND LEGAL
 
DIMENSIONS
 

W ithout .strong lobbyinl, ornVmlis are 
unlikely to ado1pt f00 folrtitication. The 

aVareness of implicatios or,dexelopine nt and the 
political will to initiate f'ood foltrtilication elff)rts do 
not, bv and ialgC. Cxi .,t. Indeed. there imv be 
nnisperceptionls that the needed tchnology either 
does not exist or is too complex or cxpensi\ c. Fur-
thermore. -oveirn rnt.en often point to th iced for 
legislation to ensuI complianIcC, and that the social 
conIcernls ) the1CJ'0looud indutstry may bect+pc.Nllt+ ofc h 11(LS-Vm yh tapped. None 

of tllse claims may he true. The f'act tha+ta harc 
num1beroflfoods in deVChpcd conlietics are fortified 
and haxe been ftIrtilied for it loneL time is testimoV 
to well-dCVCl0oped technologies. RChati\'Cly minor 
niodi ficat ions may be needed to f ilffoodsOr in 
dexelopi ng countries. The tchnot0logy needed in 
fod Ifrtificatio,; snot comnplex becau.se essCntially 
only measuri nc deVices, feeders and i ixers are 
requIired to add the fortilm'-ant durin1g processing. 
Cereal feeders, fort. example. are estimated to cost 
hetween US$150(1-50(){) per cereal plant (Mora, 
1992). 

It is glinerally assutld that ftood f'ortifition 
compliance xwill only take place if govanlllts 
enact legislation. Regulation or legislation, how-
ever, was not suTficient to ensure lortificttion of 
Sutll With vitamir, A in Panamna or rice x ith B 
vitamins and iron i1n the Philippines. Indeed. it 
would appear that ilpolicy makers were a.dq uaItely 
inforned. food fortilication could be implenented 
without IC!islation. Some form of rCgulation may 
play an important role, however. Cottrol is needed 
to ensure that inimported tllnfk trtilied fod (W... non-
iodinated salt) toes not leak into and displace for-
tified food. 13ailey ( 1992) suggests that a regulation 
which does not havC to g to parliament or the head 
ofstate for signature is prfecrahile to Icisation. The 
regulation needs to be based on an cxisting haxx such 
as a public heal th or fod and drug law. which does 
not exist il niauv countries, certainly in the African 
context. SoeIC coon tries have followed other 
strategies. I-or example. the Rxxwa Mintistry of 

Commerce issued an administrative instruction to 

til Bank of' Rv anda directingw the bank to give 
foreign exchange onlylIO' salt that conlforiis to 
stated spccilications. 
lecislation that mandates fortification works 

only when a formal system of laws. hiles., and 
procedures l'Or deal in wilh dfCnl';ltCrs is inI place. In 
other words. lCislattion must be supported hy an 
inspection f*orcc with elfccti\c backup. ilclUding 
legtl and .judicial lursuit. The inspection flrcc 
ud lal detined proceutres for .sail ing forneedLs clealyV(C'ICIIIOCIl-S '1 iII)II- *) 

lified food is well ts xCll-CstahlishCd standards and 
quick SCeiquaIntitati\ aialVtiCil methods fI0r :is
saying the ricroutrienlt content of ,ortified ftood. 
The location of the inspection force depends on the 
couintry. For example, in Morocco, the inspection 
forcC conis tinder theIeu lrau'd cnI ion Group of 
the l)cparimcnt of Agrictulture': inI Gutemlala. it 
conisulertheNili+,,tryoflIIalI.()thercountries 
may use the Ministry of Conlierce or the Minlistry 
of Industry. Clearly. wvhen frti liCd food is ill
ported, i control must bete iln/port/Lxpo gro)up 
invol'ed iIf setting the standards for the inlportatiol 
ol'thc ftrtilied food. 

It m1ay h that fod i ndustr' ethics Me imoie 
important than legislation inlmotivating f od Ior
tification. To implement a fortification lpragiamn. the 
food sector needs to be moti'ated to comply and 
perialties must he enforced for non complianIce. In 
countries x'where f1oIod ioii andatdI teration is coion 
consoLers accept tam11pering as the no0r, it may he 
difficult 1o enforce lcishation. C'onsumCr unions, 
hoxvCxer. Whosetmandate is to ensure that the public 
recCix'Cs good- qualitV "0od.can play atnimportatnt 
ro)lC in ensuring that the fod sector c011illiCs with 
food legislation. The reason is that the Iood industry. 
like any odler indinstry, respOldS o Iactors which 
affect its market Share. \mong the imost notable 
l'actors is corporate imiage. which is determined by 
advertising a1nd pIubl ic relattons. III many dexe lp
ing countries, consunmer unions arC either weak or 
(10 not Cxist: he rCsult is little puhliNc vi ll tolel'jiorce
lcislatin. Exeri xhere consumer unions do exist. 

it will he necessary to in form themiI llhc importanice 
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of' food tortilication and thereby gain their active will to prevent and control micronutrient deficien
support in both informing consumelrs ab&out the ira- cies through food fortification. a discussion of the 
portance of' ood lortification and lobbying the roles of legislation and food industry ethics is 
government and food industry to fortify food. academic. 
Whatever the scenario, unless there is the political 
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VIII. FUTURE DIRECTIONS
 
S everal documelts consulted for this report al-

luded to the tact that iicrOnutriCnl deficiencies 
are not perceived as major health problems by many 
policy makers and healIIth officials (no doubt bea-e 
micronuri',nIl deficicncis ,re [ot overtlV disabling 
until they reach an advanced stage). The challeng*e. 
therefore, Is to sect iC lOp-lCeVl coin iitment lrom 
donors, national governments. and tile food in-
dustries to initiate and sustain actions that directly 
address iicrontrint deficiencies. Nlul tipreven-
lion programs would appear to be more appealing 
than piecemeal apfroachCs from both a nutritional 
and economic perspective. The synergisim between 
vitamin A and iron metabolisi is a good exanipte. 
The ltOllowi iie are soeIC of the issues related to food 
fortification Lhat need to be considered. 
" 	 [oods that aC idely COIIconIsy , evenfood 

h widely nmed by 
children, with little day today variation in intake, 
and that pass through a ceitrat processing point, 
need to be idelfititied in cotuntries wherei

icronutrient deficiencies are recognized 
problems. Simle lit infr'rmative sur-
Iev are m'ed d to idetf11 /fiwisthat c(',/d be 
viahh'10fi, VC/ihi'S. ']his Includes C'o~ln~elsadle flod ies. Thisincludeis toditerine 

be useful to e.lorethe'iRssiljIlitiesof forl/hant 
riodmction, /)articulatarly iron, iodine, and 

prelaration olf tmllinimtest, (it a national or 
r,,ii i,'U. 

The evidence to date suggests that operational 
aind polilical issues rather tha technical matters 
have been the major obstacles to imfplementing 
national fond fortification programs. Clearly, 
goVernnle ils that generally do not have f'unds 
available to pay for recurring costs need to be 
convinced that the cost of n1ot'Ortil' in l'oodtlfar 
exceeds the cost of Iortifyilg food. More 
detail'd stulie f ' /food Ijl'/he 'ollonl i('.s 
lifi ationand oiler oioin ifIicrlIIriet inter
vention strategiesare needed. Incentives for the 

industry that 1inimiize price differentials 
between fortilied an1d tin fortified foods need to 
be explored. Incentives include interest-free 
loans for purchasi forti ficat ion equipment, a 

o .~freesupply 01' ftOtilicls , s ubhsidizi ng0the Cost 
ii e cos of 

ofoirtai 
transporting subsidized lood. and so on. 

Commercial coilpanies are ofteii sensitive to 
anlld snauck fooxds, tfhe objective is to determineaciteshtcoIdepriitenaktfr 

the optimm level of* fortification that does not 

produce any toxic effects. 

" 	 More attention should b.,given to inuLilti-
prevalence deficiencies in nutritiotn surveys. 
This would be facilitated if* there vere more 

spif'./iel nethuodslfj'.sc'rening mi)1'rotr'ienut 
deficiencies, and that are Siitable for use bysemii-skilled personnel, 

dplenenting 

* 	 Continued support for the leisofnicronuitrient 
nultini.c's, partic larly those that incorporate 

both iron and vitamin A. isessential. 

* 	 Food fortificants represent a major cost in for-
thattiication. Indeed. it is highly probableLo 

governments would find it politically more ex
pedient to use the limited foreign exchange allo-I-
cated to food imports on food alone, rather than 
on forti ficants and food. For this reason, it would 

their product (as hap1pened with tea in
langladesh). [o better convince companies that 

their fortified product will be accepted, daita o 
o('.iiner behavior in terms 0/acceltable or

ganolepti( i'oPertie's (01( pr ic'ls ar' 

needed in countries wherc'fuehl trials have heenI
fpromisin,,. This inloriat ion will indicate if so
cial marketi i icessary or hel pf'n in iciatn,Zaksn csar rh lfli m 

forti ficat ion programs. 

Vitamin A assays reqt,ire sophisticated 
laboratory equipnent (I-IPLC)thatsicaty 

l oii count do iiCitha mple
developing Countries d10 101 ha!ve. A ilh 

quantitalive test to Iciermine the vitaminl A con
is needed. The availabilitytent infortihvfiedoo 

O*Such Itlest \VOlld] reduce the Costs 01f the 
fortificationl i1,rogra11. Tests Would be Coll
ducted by' less skilled personnel in falcilities that 
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come under thle purview of the quality assuran'eC011CPII\'[\\11(if OfHI Ljllitte l~jlqll,: 
system. 

" 	 Thbere is aneed ror ai j 
review 0)/i/ic'hitilsof iuicro ill/rie'iii/orl~fii/i tiol 
progr ls/)rtr~tic, llI/di'l''l'w aIVill d ve/loi ngkaid''n'ivUIthltiO)Ug' 

coiirj'.
 

* 	 There is a nced for a comllai/ ii' n'i'u'n of 
t~iii/thithave ('li hd foolle enrichment 

an//l /l.'lific'atiol/cgi.slili. Mora ( 1992 )has 

obtained this informlation for Latin America 
fr-on Hof'fian-ILu Roche (Appe~ndix 0). 

ovidor/nt/uauo 	 Locally available sources of,/t','j/oiu)/i Mon (192)hashig.h techinolonv. 

"fThepotentiarol'theFwd QQ tli
*Mi heIIIIC

.St'i'l itt1 Of//lt'[AFAeetables) ( tlte .~ 

he exNp/lorted (oA 0 iit C I Oii~ 

[(t/'t a.\/ul'C t/"n,lo t//an/ld~ ' ti~lg/i,,
fm'l/i 'tlilt. 


" 

Suatnhrd. 

ildand 
anid 

'L480 pro. rais reach a lar'e and important 
taret group in man y contries. The choice of, 
vehicles for vitainli A flOrtilication anmong PL 
4- l t) od(itie ics .litTitle II corn should bc re-esam i ned. 
and rccoiimcndmt.ionls on raisin iron levels 
shoull be inflCmcntCd as soon as possiblc. Theti 

l1/'n/til ilItit I id ~Iihli' s.'c."'('/o*t.S' t)./ '-

'ing' PL 480 Title ///ll ot iid shouidt hte i.ii vs-

* ~ t~asfrfri t od ithi ritf9 	 Field triaIls,0-or 'li/ied.loodsthat htave prolven1 
to he viable ill.aconlle/d e'nvirymnllent shltlh'l 

be in coutrliesbeiprehcnsive ilnsidt'rt'l consumptionChlleS 
levels of the 	food vehicle arc known (e.g.. tea). 

hii!['llai 	 modulh's* 	 111 r l l•il , onill/00(1o~.ori'i}(ttionll c tolj .foro 

doniors, g['ovu'rnli of/licial/s, Intii/ti' food ill
div.,i should be developed. 

Food fort i'icati o does ilot have to depend on 

\itamin A can be used t fortify meals. It may be 
possible to naximize seasonal excesses of 
vitamin A by Stin-dryinc vilahin i hfits 

1'01'tie 	 rnits A-ricfor 	use' as cndiinlts or food 
fl.vo'an ts. Propcr ('i111l t't icthit sllldiv'. oil t' 

cslooking' practecA as~i i witht'1i.UtltI /tt,i/iS ' it'tl 'l tO. Ut.. s/i'ith 

oil iit' ninrolli'ltlnt hiotitiltililv of local/y 
e'55('tlod.s iide'" th/f'ir'it 5la't.t.'' touti

lit3.1. 

All linixtliancl an vitamin A wvurvvsshold 

it 	expanded to it/utlt' oiler n itro/iie/!its. 
Ethnographic data on other relevant fool-related 
issICs should 	be collecced as part of these stilr
veys (Ialthough such in formation may be com
piled by relying on Focus groups or other less 
l'ormal survey techn iques). 
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Vitamin A Used in Food Fortification 

Type and name 

LIQUID PRODUCTS 
I. Vitamin A palinlate 

2. Vitamin A pallnitate 

3. Vitamin A palinit ate 
Type PI1O/B II 

4. Vitamin A acetate or 
vitamin A palmitate 

5. Vitamin A palmitate 
Cmulsioti 

DRY PRODUCTS 
1.Vilaminu A palmitate 
beadlets. T pe 500 

2. Vitanmin A palmitate 
beadlets. Type 250-CWS 

3. Vitatin A palhnitate 
beadlets, Type 250-S 

4. Vitamin A palmilate 
beadlets, Type 250-T 
tchoperol: preservative 

5. Vitamin A palinitalte 
Type 250-SI) 

Source: Bauerrciird and Arroyave I1986). 

Usage 

Where maxin1 concentration 
is required with stabilizers 

Where maxinitini conceniration 
is required: no stabilizers 

RccolnmnCledd I'or eneral use; 
with stabilizers 

For specilic tUses 

Forti fication of cereals, milk 
produc-ts: potato f'lakes & food 
products that require specific 
processing techniques 

For products Hot dispersed in 
cold water where liih resistance 
to metisltieC and heat reqtiiired, 
C.extruded foods 

Water ditspersahle: for dry 
products to he recnstituted 
hefore use, e.,,. sugar 

Waler dispcrsahle: free flowing 
beadlets to help leet lie stringent 
Ila,our needs oifilk-base priducts 
and oth,'r heverages 

Water dispersahle fire headlet 
product for pro-mixes 

For produciiise where very fine 
particle size is desired, i.e lour 
corn ineal, vitanin pre-irlixes, dry 
milk. sLgar, beverage powders. 

1.65-1.8 

1.65-1.8 

1.0 


1.0 

0.5 

0.5 

0.25 

0.25 

0.25 

0.25 

Potency Other ingredients 
(inmillions of IU/g) 

Eihle antioxidlant: 
no oil dilutent 

No antioxi dits 
110 oil dilulClit 

E-dible oil: Cdihie 
altioxidants 

Edible Oil dilutenli; 
no antioxidant 

Eiulsifiers: anti-
oxidants; preservative 

Gelatin: carbohydrate: 
tricalcium phosphate: 
atitioxidanl: preservatives 

Gu acacia: carohydr.iles: 
modified food starch 
a.tinixidaint s 

Gelatin: dextrose: mtodified 
food starch: COCt.'inuioil: 
sorbitol sodium citrate: 
altitiOxidant s 

Acacia: carbohydrate: 
modified starei alpha-

Acacia; lactose: coconut 
oil; preservatives 
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Appendix 1, continued 
Some Application Forms of Carotenoid Vitamin A Precursors 

I-ORM I)I.SCRII)TI( )N VSES STOCK SOLUTION 

30' li-Car)eri 
suspensiorn 

li.uM "lid* ,icrtoi,,ed -carr' tee s,speiolnu In 
tood-r;iade citahle oil: ioirable ait 75 F 
(24 1aI iandr0lisulI_: it -lO-0001- +4-
I6 ( : Ill) (lICil iiit i0 li'I,: di.ss .Cu 

For uolorinrri I't dnld oil products,. 
Illiarearlle. I)OT. chieese. l/o/vn and 
dried C2 'ol. i\intel ttmer 
(COlltllt 

+
IHOL,pr tt . and h'lic lit-b se 

1.5 gi of suspenson to 450 ml of 
%artmt vegetible oil, with stirring Ito 
dissl,le. 1 nil = I +1&rl-c'alotelrle 

24' i-Carotene seltI- a Mircriiell i-calnteielill 
solidl suspesiolln l+ifdroimeiitcl Oceall.: selillIoilidil 

71)9o (21- 12 (: lurli. atI 1 ( i(38i'in 
ait ihi e: f) idIcd ,Iliu\lkilll' 

" 

For clolriii hit arid Oil poilucts, 

aid uiher il-hai.c I'ofds 

2 g otf suspensin Ill 480) oil ilo 
\arm .nctahle oil, with stirrilii to 
dissole. I llt 

22; 1j-Cilotllene IIS 
liquid suspe siion 

-;is,k, s r, ,
adil II, \ arlil oil 

a Miclonie/ed jI crileCiC' s(illtiiioll ill 
tilod-gi'ic %cnletahle oil. poiahle at 75 IF 
and ,ibnns. selt1liosnlil 1 41i-0) 1': tahilieed 
'irih added anti ilaits:d isisoils rCail 

I-o0rcOloriie ipop)piig (ill. haCt-stresscd 
cotokiii oils. llr tat-bise tonds \'hire 
viealer C.irItelCe Sktilit is reulilired 

I Ing, li-cartlene 

22 gillgmof'stilpesioni 

i mani segetahle oil, 
disolke. I fil = 

Io 440 ii ofi 

with slirringiI 

1.0'; ji-(.vrntiCe liquid 

Ill 

0 

'A11111oil 

i1-(arrt ic irinti ia ,lit ill 
I Ing i-tcarotene 

CIniuii oil brioillited 

it\drinl\ed pel lin 

Ogetaln,nil e-niuiltIe iii d 

e :lipis luer l ile 75 IF: 
FSpcC'iIlll\ dCsIIneLd It01 Olirilo 

oratne-Ilasired drinks and Iruii juice 
3 gin iil emnulsion to 1l0 itil iof 

water. %kith stirrilg ti dispere. I it1l 
Spcciljc grpasil. oil plise 1.15; + (1.W83 
S2.5 t I l3rit\: 1;1ih1t1ed sirtli aItled 
niitiuilt 

blends: iatediL lor specific graviti, 
clear glass (11OpilLI containers 

In = I mog i-carotelnc 

)r\ 

I ( 

li-Caln headlets a (ollonidal 

cluIltdrle 

,nntiuxrdants 

li-cailrntcule ill i clati-

Ilmiis stahiliced siil ,idded 
reildil \disc rsihlc. \\ithi 

I-or cirlorin \l"ter-liase mlids iand 
b.es Ilge's Itnr dr productis tibeh 
'ecio lltired hi \iarimn %%aler 

I gitn it headlels tIo 00 lill ri' iwartm 
water. iill stirring to disperse. I inil 

Ill li-carrtnie 

[)r 

2.4'; 

-('iarletten headles 
,ir-ling ill isirlll \atlr. 131 I 54 ( ) 

13-(aroterne in \ceteihlt! (il cinuiiiCd 
ill a geltrIi-c'arbolidrale illatrli:slahilr/ed 

For colioring juice dritnks, dry heierage 
biscN, hlo ages. ;lid\ i!lier %saiter-base 

4 gIrtof headlets to HA) il of wartn 
atler. .\rillh stirring io disperse. I nl 

swithitlded,irlliisnda:it isr.ilil, dispersible liqild or dy.\ fIods itohe Iemllnstitited = I ilt! 1-carmtcne 

)r) li-fairlele poder 

I,;t"rn, 

in ssilte it 5 IF1 
8 i-('.IriCnle ill dr\ ioss dler forlt in 

acacia cilihoh, d iae,ascir;le ii d 
iioliherol is1utimnsnslmlt: reusils 

iil sillter 
1:i2rc li-ii d piryiorduclts. fiaked 

goids, sliltces,. icings. plilddigs. etc. 

II gil sit pol\der Il100 iil of' 
warn w;it. witlt 11FTilg to 
di sperse. I ll = I Ittg li-carotene 

dispersiie lit \aiater 
I-('.irtClene 
silanin \ 

ilend i.sih 
tln I)i 

M MliIOi11nnd li-cMrOtCe sl slieii nsisI ill 
\ calethC miIl%%ili dItdILd ssinls'Cd \ Istiliin 

-'r siriillalleouls cmlorinig and vitaillni 
A fortilicatiion if imargari nit. iellnie, 

.\ (anl D)o etc. 
20'; :\pO-carotlr;ll littild M MiCe iii/Cd ilIO-cOrtlCal Niisicilsiinliill 

sklpilsl 

Cariteril .ulitiun 2'; 

ti inLJ C \enadet l . il: -,,urahle at 7. F: 
fit) Added 111iltiintiditS. klissil\VS, reidik lit 
\arill oil: sclinllsolld 1l -Ill-60 1: 
U .ijn t el)CI.nail dhssolsed I il IiOod- rilde 

For coloring tatt and iiil products. saiad 
dre.silic. piocessed clcesc, and iother 

lt-base rltods 

I grin otrsusperssio i 2M tii oI ' 
wartt vegetable oil. with stirring to 
dissmolve. I iil = I Ing iltiiillttil 

Cartettnal silutiomn #73 

(aroteral s lution 4 

liodiflied cctalile mtlIntlps 'sition: 1.4'; 
api-ciruieilal phls li W; i-carotenc 

m Apo carinociral ist ji-cat eflre 

dis l.ed i Iiood' NRI- Illitiid 
%ccetible i tiliilslltlilit sllhili/dihill) 
adied an1idi ll 

0 Apm-carsernal dirlid t ii ltod-sratie 

For ciolorirng poicess chese. sialad 
dressingsinn,a intehr lit-hase lpioducits 

Fr colorinig plctess cltcec. sillai 
ressitl, aid l latl-hilas pridliCtI 

5 yin ill soltin to 00I lilt o) 
scglhle oil. \%it siirrin to diluile. 

; [Il = I tul pilt -carotellill 

5 gin tif smnlhitiurtl I) iil sil.i ith 
stirritig tliIihlmcu.I lil = 0.7 iig apo 
-calolii l itl I0.3 miliiji-cnroictnc 

limnshitieICd\ ecaLC 
anltiiphirmll 

i'il ttp L'sliMinl ilh ill- For cloring process clheste, salid 
lressinigs, and ntlher hit-base lrodicts: 

5 gin itf s'utini to 20)0 tilt of 
segtarle ihril \fil stirrii tin dilute 

dIry spice and breading liises I itil - I liigapO-CuIalil 

Adapted fromn Klaeti ard tairerrinf il) 19I)1 
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Table of Coninercially Available Iron Compounds 

KI Y 

G HG-, iniI-I P-h, 
RN Ni Hcndlc(iii cii(h ilri,.I , nn I' I., I-. 
NR Not V,- dIled 
R-l"i , ClI I.( |'t',It 

. 

N7 \ 41 

-I(c0 I. ntl~hh',iitihiifiiil hi.Shiiri 

iclJtr i,ili a t 1iii . } - 2 II = 

Ivn'h -ac ,hm + 

F:¢rn , ,ultat, 711 11) 

I Tot c l ,i, 

2(' 

ti 

ii 
1 p 

( 

INl 

Nil 

~ Nl 
R 

R 

I 
k 

t 

R 

I 

I 

lI¢rnm, hlm,t' I ( "R \R R 

Dried I, ,Otat, i' t RIR 

I- cri 1ct l 

Fetnic nillici 

FecnccI in.nII 

I-CrrcciM~Ln 

i:'crriu .c n , i 

1lcmriii" t ltitc 

l " 
'1-du 

, 
, hlhl 

l. + 

2l 

14 

I 
" 

S 

i' 

I 

1 

i 

I' 

(l. 

GI 
(, 

[ 

S 

NR 

R 

\RNH 

H 

\ 

NiR 

Ni 

R 

\ 

H 

NR 

NH 

N 

I 

%k 

Ni 

Ni 

H 

Nil 

II 

NilR 

Ni 

Ii 

I II 

Ii 
2+€ 

" n 

ietirItiiii. II.iC 

}'rricc h ritm I+e'rrimstateI~l+ 

I I 

2lv22 
I
1; 

II 

I1, 

RIl 

RI't 

H 

R 

Nil i 

N + 

NH 

NHR 

lRR 

11> 

|FI imitrmr, tn, cii , i Iiii+ 2i 

Elf] pi ni'ho'phxc 

I'ClTI1 I 'II)'h '1141l,L 

S.11.11t ir , 11rih,t 

Rcdu-IC II 

aHclilc.' hi i.Iii inbI, ' 4s ti) 

h. Rciluc , ,.ihini i-i i.iI 

c." rli.nl uCr 

d R ucdsii hN 0.oo,- 2tlm1 

f-crrc o\mde 

Fcrnc hdiiccWe2 

Itiii cuIHIiii-t 

I r mplex ( omt-ii 

i'idhuti.m c II. A-i 

d 

, 

2 s 

28 

Is 

46 

un 

)7 

Nl 

f, 

Is 

I 

' 

l. 

I' 

I'tlK'tt 

I 

i 

I 

1 

I P 

i 

4. 

p 

I, 

I'R 

I 

i 

1 

1 

' 

i' 

R 

R 

\ 

V 

Nil 

Nl 

NR 

NH 

H 

R 

R 

Nil 

NiR 

NR 

NH 

NR 

% 

1Ni 

R 

Rt 

NI 

Ni 

NR 

1i 

Nl 

NR,1 

Ni 

NH 

I 

Nil 

"R 

NiR 

Nt 

NR 

N.lt 

NH 

NR 

NH 

NHP 

V 

Nil 

\ 

NR 

Nil 

NiR 

Nil 

NH 

"R 

Nl 

NHR 

. 

1211 

Il 

2111 

I 

2 

2 1 

2 1 

- 1 

4 2 

4 s 

7 T 

'r, & .lt..rln t, lt 

('i1170ii 1 1L 

- 111i1 1 .. hl"+,l'.- llihi l)' Ih.11, IltIlIIIII)IN111C.It'l.Itl~k. L011 llhLm h\ Ili, .idll 

[1. .1 r l-i hilli 1iI' di i1tlihi i1,1 lihi 

l, l. pr- c 1-+kll. 1.1i11 l11 rl11 tll 

SOURCE: IVA(CG I I 91M1 
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FOOD FORTIFICATION INDEVELOPING COUNTRIES 

APPENDIX 3 
Composition of ATOCHEN N-Richment-A Cereal 

Fortification Premixes 

Fortification level per kg 
Corrl/Sorgunn Wheat lour Bulgar 

Thiamin (vitamin B,) 4.9 Ing 5.7 mg 3.3 Ing
Riboflavin (vitamin B,) 2.6 m1 4.11mC 2.2 Ig 
Niacin 31 mng 46 io _ 
Iron 26 Ing 37 mng II mg 
Vitamin A 23541 IU 23540 II 23540 IU 

Composition of ROCHE Rovifitrin 955 Fortification Premix 

Fortiflication level 
kg/lour 

Thiarnin (vitamin B,) 4.45 mg 
Riboflavin (vitamin B,) 2.65 mil
 
Niacin 
 35.62 mnc
 
Iron 
 29.28 mg 

Composition of ROCHE Precision Premix 

DESCRIPTION USDA USI)A V/(0 

MINERAIES 
Ascorbic Acid F.P. 78.0(00 i0g 78.10 mc 
Niacinamide 22.010)) mg 22.00Img 
Pyridoxine Hydrochloride 2.78001 mg 2.78 mg 
Riboflavin. Type S 1.96101 1.96 ing 
Thiamine Mononitrate 1.730011(,g 1.73 mg 
Vitamin B, 1.0"i SD (spray dried) (.700() mg 0.79 mg
Vitarnin A 250 SD (spray dried) 24.100)1 i(g 24.(0 Ing 
Vitamin [-"5(6 CWS/F 69.0000 mg 69.0)0 Ig 
Folic Acid 0.48((1 Ing (1.48 ng 
Vitamin D, 1(0 SI) (spray dried) 4.80(10 mc 4.80 mg
D-Calcium Pantothenate SD (spray dried) 12.540(1 nig 12.54 mg 
Biotin 0.3600 mg 0.36 mg 
Di-Cal Phosphate antLdrous 0 iIg 0 i g 
Copper Gluconate 15.700(1 mg 
Iron Electrolytic 19.1000 mg
 
Potassium Iodide (.243(1 inc
 
Zinc oxide 
 2(1.00(011 mc 
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IT STARTS HERE.. MAGNETIC
 
EPARATO11
 

-BetELEVATOR 

URIFIEWASIERrckx 

BRANSTONER PUIFEPRODUCT CONTROl, 

E EING Bran and Shors
RED)UCING

TEMPERING 

OR
ROLNN 

SEPARATOR 

fuIFE 
I I ~~~IRST wt 

SACKINS 
IR---
SCO BULK 

SIMPLIFIED FLOW CHART FOR FLOUR MILLING 
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FOOD FORTIFICATION IN DEVELOPING COUNTRIES 

APPENDIX 4b
 

Vitamin, Iron, 
and Add 
Supersion Tank 

TRUMBOL 

SPRAY
 

R 

QPUMP 

._ROTARY 
 SCREEN
 

0 Baggedli 

Premix _ 

FINES
 

PRODUCTION OF VITAMIN-ENRICHED RICE PREMIX 
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SBENCHFLOOR 

2.5 l.SCALRAWE 
5 s.OAI TEA 

A 142.5 LBS. 

SPRAY EMERSION 

25 LBS. 

-RFORIED TOWAREHOUSE 

DIAGRAMMATIC FLOW SHEET FOR 
FORTIFICATION OF TEA WITH VITAMIN A 
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FOOD FORTIFICATION IN DEVELOPING COUNTRIES 

APPENDIX 5
 
TECHNICAL FEASIBILITY OF FORTIFYIN; ('ERIFAI,-(,RAIN BASE) PRODUCTS AS RECOMMENDED 

Strce: Ileurnfi'irdand lAtltte (1991) 

V R N ' I I %NI / Kei: 

II I I () R A A I A = ppc, , tl be tecltnhcalls lcasihle 
1 I I , I. 1 ) I. G N B) itntllicl ltdata t0 Cluitti I MtCil 

A A C A I N C N C leasihilis 
,"I Ikl C,( I J', ("= 11it,+.chnicall,l,.aiblemtl ltletm 

I I . N I ,., S 1) = o data suthttuttCd f'rconttilteC 
N N A N A %I I ico 

V C V 
A I If I M 

N 1) 

Flour 

Emtetlded Shell-Iic 
A A A I B13 A A I (tttII1l.raccepllnce plorletu. Indicated 

ftott llrlelimitau. restil C tlnded 

Soiueae studies at elsl', leillldtperau. 

ald humidities 

Induntrild l.ht10te-1 ll A A A N A A A A A A 
life) 

i A A A \AtAAon ,N ( rll;acceptalllc pioltits itldictit'd 
iolt prelilinrv IetlllsOf tCltIdd 

storae ,tttdiesa t 'es\ated tetipeIaInes 
and hultii,,it ics 

(urn A A A A A A A A A A 

Hlour 

Meal 	 A A A A A A A A A A 

(hits 	 A N A A A A (A (alciumt additiont ,httld.he no mor, thatn 

Rice 	 A A A A A C C A 	 Addition Oftlilal in 1\ CatlC Coll

sunl"e icceptale plohletti. Frrl'i'0t1o

flhlnphae lect ded i on 
(alcitnt atffd IMttteCSitt111 ddin Minlt 
he possilc bl chanee in ttlicllleil 

Il)tOL' I) le if " (cu'lll* 

.'ll ;vs olltluc. 

0 s thCeu Ich.. 

Hread 	 A A A A A A A A 	 A A Nutriet addititts ,idiuscd Jil less nulfi-

Soft Swkeel (hjuou A A A A A A A A A A 
Cakcs
 

All Others I) I) I) I) Would appear to he le-,,ible 
results obtained on bread, cake. Confir
mation through testing suggested 

I) I) I) I) 	 1) 1) based on 

Cookies & Crackvrs A A A A A A A A A A 	 lon usd al-) tg/lb 

Pasta 	 A A A A A IB I A A Iroin used at 40) mg/lb 

Refrigerated I)iutht A - N I) 1) A I) I) I) 1) 

Fro.,en rducts I) A A A 1) I) A A 1) I) 
LUnbaked 

Baked 	 1) N A A I) I) A A 1) I) 

Prepared Mi\es ) A A A 1) )1 I) I) 

(i) Bllased on lel of 16.5 nilb raitherIhanNA S proposal f40 ungi 
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Latin American and Caribbean Countries where
 

Food Fortification is Legislated
 

Country 	 Food 

Argentina 	 Milk 

Brasil 	 Magrine 

Skim milk 
(Iromkntcnr, t,,,l I 

Chile 	 Margarine 

Wheat llour 

Pastas 

Colombia 	 Margarine 

Honduras 	 Sugar 

El Salvador 	 Wheat flotir 

Guatemala 	 Sugar 
Wheat flour 

Mexico 	 Senui-skintmed uhra 
-pasteurised milk 
Senfi-skinmw.d 

pasteurised milk 
Evapratcd 1111k 
%%holeand skimiied 

Maremrine 

Panama 	 Sit1e.r 

Venezuela 	 Milk po, der 

Smiorce: Iloffman-L.a Roche. Brasil. in Mora )92). 

Micronutrient 

Vitamin A 
Vitamin I) 

Vilamnin A 
Vitamin I) 

Vitamin A 
Vitamin 1) 

Vilalin A 

Vitamin I) 

I.inlleic acid 


Vitamin 331 
B2 
136 

Iron 

Vitamin 11I 

132 
B6 
Iron 

Vitamin A 
Vitamin D 

Vitamin A 

Viiamin B1 
[32 
136 
Iron 
Calcium 

Vitamin A 
Vitamin 1I) 
132 
136 
Iron 
Calcium 
Vitamin I) 

Vitamin A 
Vitamin 1) 
VilallIll ..\ 

Vi),ittlin I) 
Vitanin A 
Viatmin I) 
Vilatamn A 
Vilamin I) 

Vi tanui n ,A\ 

Vitamin A 
Vitamin I) 

Level 

2.50) 11ll (max) 
40)) IL/] (max) 

15.0)))-50.)M) ILr/kg
 
500-2.,)0O IU (optional)
 

1,500-2,50O I 1 O0 

200-2401 IU/l100g 

30.(O II I/k,
 
3.00)) Itt /kg (optional)
 
70 g/kg
 

0.3 ng/kg
1.3 mg/kgt
 
13.0)img/g
 

30.0 mg/kg
 
9.) ng/kg )o ptional
 

3.0 ng/kg 
57.0 mg/kg
 
30.) mg/kg
 

3.180-7950 RJ/kg 
120-3)) IU/kg 

50,0)o) I ',Lg 

2.) mg/lb 
1.2 mg/lb
 
13.)) mg/lb
 
500.0 rng/lb 
500.0 mg/Ih 

50.00)O li/kg 
4.41-5.5) mg/lb 
2.65-3.30 mg/lb 
35.20-4-1.0) mg/lb 
28.7)-36.6) n/Ib 
I, ( .0 - 1.375.00 ng/lb
 
1.1)2-2205 IIlkg (optional)
 

4.))))) 1ItlI 
40) I/I 
4.000(1 IU !l 

4)))) ILAl 
4.000 IU/I 
4)) IU/I 
20.(H)O I/kg 
2.)))) II /ke hpfiontl 

50,()O It/kg 

4.OH)I Ili/I 
400 I/I 

45 

http:1.375.00
http:2.65-3.30
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