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Abstract

Food forttfiCatton lS recogmzed as bemg the most effecttve way to ehmmate dletary mlcronutnent deflClen
Cles The challenge for developmg countnes lS to ldenttfy sUltable food vehlcles as well as appropnate
mlcronurnent compounds that remam stable and biOlogiCally aVailable after processmg, dunng storage, and
durmg normal food preparatton ThlS paper focuses on fortlftcatton of wheat flour wlth vltamm A Coun­
tnes that forttfy wheat flour generally do so wlth lron and some of the B-complex vltamms Wlth the
exceptton of U S food ald programs, no nattonal programs eXlst to forttfy wheat flour wlth vltamm A
although a number of pllot studles have been carned out to show that thls may be a feaslble optiOn Thls
paper dlscusses the technology and lssues related to stabtllty of vltamm A, sensory charactensttcs, quahty
assurance and control, and cost of wht-at flour forttfled wlth vltamm A and other mlcronutnents

Thls document was prepared by Dr Rltu Nalubola, Dr Penelope Nestel, Patncla Dexter, and Davld
AlnwlCk The comments and suggestlOns of Dr Frances Davldson, Dr Tlm QUlck, Dr George PurvlS, Dr
Halle Mehansho, Dr Herb Wemstem, Dr Jo~e Mora, and Dr Ian Damton-Hlll are duly appreClated

Thls document does not repre~ent the Vlews or opmlons of elther USAID or UNICEF
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Summary

Expenence shows that wheat flour can be fomfted
w1th v1tamm A Stab1hty tnals were conducted m
the 1970s, when a proposal for mcreasmg the
number of nutnents added to wheat flour from four
to ten was bemg cons1dered m the U S Although
th1s proposal was never enacted m the US,
adequate preparatory work was done, wh1ch
showed that v1tamm A added to wheat flour was
sufftCiently stable dunng storage under controlled
cond1tlOns, and dunng cookmg and bakmg of
products made w1th forttf1ed wheat flour

At vanous ttmes and at vanous ~cales, v1tamm A
has been added to wheat, wheat flour, or bread m
Bangladesh, India, Jordan, and Tumsla Most
wheat flour prov1ded by the U S T1tle II Food Aid
Program has been routmely fort1fied with vitamm
A for over 25 years, along with B "ltamms, cal­
ClUm, and 1ron However, the retentton of v1tamm
A durmg storage and distnbut1on, and at the t1me
of consumpt1on, has not been momtored Thus
the efftcacy of th1s mterventton remams unknown

A stab1hzed form of dry vitamm A powder for use
m wheat flour forttftcatlOn is aVailable Modern
wheat m1lls are hkely to have the equtpment
necessary to allow the addit10n of a v1tamm/
mmeral addltlve to flour Cons1denng typical per
capita consumptton of wheat of 150 to 350 grams
m most wheat consummg commumttes, forttftca­
tton of wheat flour at a level between 10,000 IU
and 20,000 IU vitamm A per kilogram of flour is
hkely to be effecttve and safe

A major hmitatton of forttfymg wheat flour with
vitamm A is cost Almost all synthetic vitamm A
used m the world is produced by one of two large
multmat10nal compames Vitamm A forttf1catton
may mcrease the cost of wheat flour by up to 2
percent, with addltlonal costs of regulatory control
mcurred by the pubhc sector

In countnes where v1tamm A deftc1ency is a pubhc
health problem, and m which wheat is w1dely
consumed, wheat flour forttfiCatlOn with vitamm
A should be e'Cplored as an approach to 1mprovmg
v1tamm A status

Introduction

M1cronutnent deftc1enCles are common pubhc
health problems m many developmg countnes
They affect an esttmated two bilhon people
worldw1de and can result man mcreased nsk of
senous 1llness, blmdness, and death The most
common deftCiencies of vitamm A, 1ron, and
lOdme stem pnmanly from a lack of adequate and
vaned food supphes and madequate pubhc health
measures to pre" ent mfectlOns and 1llness that
block nutnent absorptlOn and utihzatlOn USAID/
OMNI together with UNICEF are committed to
assistmg countnes to prevent and control these

def1Ciencies One way to combat Widespread
micronutnent defiCienCies 1S through food forttfiCa­
tton or ennchment1, wh1ch has been used for
decades m many mdustnahzed countnes as a means
to dehver nutnents to the populatton at large The
mam advantage of fortiftcation 1S that 1t is a more
rehable, safe, and cost effective means to control
micronutnent def1cienCies where a Widely con­
sumed and centrally processed food can be used as
the veh1cle (Nestel 1993) Fomf1cat1on is becom­
mg more feasible for less mdustnahzed countnes as
their econom1es and techmcal capab1ht1es grow

1 Codex defines fornflcatlOn as the addltlon at one or more essential nutnents to a food whether or not It IS normally contained
In the food for the purpose of preventing or correcting a demonstrated defICiency of one or more nutnents In the
populatIOn or speClftc populatIOn groups (FAO/WHO 1994) Enrzchmem refers to the addition of nutrients that are
naturally present In the toad and are lost dunng processing
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and food mdustry develops Indeed, food fortiftca
tion IS consIdered to be among the most co~t

effectIve strategIes to address mlcronutnent deft
ClenCles (World Bank 1994)

In many developed countnes, wheat flour has been
tradltlOnally ennched \\-lth the nutnents lost m
mtllmg nboflavm, thIamm, maCln, and Iron ThIS
paper, however focuses on fortlflCation of wheat
flour wIth vItamm A FortlflCatlOn of whole wheat
may be appropnate where It IS dlstnbuted dIrectly
to recIpIents through welfare programs, but IS not
practlCal as nutnents WIll be lost m the mlllmg
process Wheat flour l~ more sUltable than whole
wheat as a carner where It IS WIdely consumed as a

staple food and where most of the wheat IS cen
trally mIlled

The consumptlOn of whelt flour, eIther domestIc
or Imported, as a staple food IS mcreasmg m many
countne~, largely because of It5 versatile use m
bread, pasta, and other products as well as ItS
relatIvely low cost m the mternatlonal market
The purpose of thIS paper IS to provIde program
mers wIth an overVIew of current mformation
relevant to fortifymg wheat flour wlth vltamm A
FIgure 1 sho\\-s the prevalence of vltamm A
deftclency and the per capIta consumptlOn of
wheat m selected countnes

Wheat Flour Ennchment and Fortification

~,

'2
(

The general pnnClples estabh~hed by the Codex
Ahmentanus CommlsslOn for the addltlon ot
essentIal nutnents to foods specIfy that fortlftcatiOn
l~ to be the responslblhty of national authonties
because the types and amounts ot essential nutnents
to be added, and the foods to be fortlfted, WIll
depend on the food con~umptlOn patterns and
nutntlOn needs ot that country and target groups
(FAO/WHO 1994)

A recent reVIew by FAO of legIslation pertammg to
wheat flour fortlflCatlOn prm Ides mformatlOn on
practices of selected countnes (Clarke 1995) Of
practices reported for 38 countnes, 18 countnes
allow voluntary foruftcatlOn of wheat flour Ten
countnes, mcludmg three developmg countnes
(Ecuador, Phlhppmes, and Honduras) have leglsla
tion allo\\- mg voluntary wheat flour fortlftcatlOn
wIth thIamm, nboflavm, macm, and Iron A few
countnes (Lebanon, New Zealand, Fmland, and
Norway) speClftcally prohlblt fortiftcation ot wheat
flour

In countnes allowmg fortlflcatlOn, level~ of thlamm,
nboflavm, macm, Iron, calclUm and, m ~ome cases,
folate, usually are speclfted (Raunhardt and Bowley

'1 IU = 03 RE

1996) The fortlflCatlOn le\ ellS ordmanly mdlCated
m term~ of mg per kilogram or mg per pound of
wheat flour or stated m terms of meetmg a percent
age of the national recommended dally mtake (ROO
of a particular nutnent Examples mclude

i'I Canada, whlCh defmes and requIres tortlftca
tlOn of all wheat flour wIth thlamm, nbofla
vln, nIaCIn, and Iron

II.Il Umted Kmgdom, where flour IS forufted wIth
thlamm, macm, Iron, and calclUm at stipulated
levels

III Phlhppmes, whIch allows voluntary foruflCa­
tlOn of wheat flour wIth Iron and B-vltamms to

prm Ide one thIrd of the U S ROI for each
nutnent

!II Umted States, where wheat flour IS ennched
WIth maCln, thlamm, nboflav m, Iron, and
fohc aCld at ~peClfted levels

In 1974, It was propo~ed that ennched wheat flour
m the U S be fortlfled wIth 4,333 IU" of vltamm A
per pound of flour (9,533 IU/kg) as well as other
nutnents mcludmg pyndoxme, folate, magneslUm,
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o Clinical II MIld sporadIC or hIgh rISk

o Severe sUbcllnrcal No data problem likely

WHO XVIlIVACG Meetrng Guatemala 1996 ~ Moderate subcllnrcal o Problem under control

I At • VhF i" 11,*,"_ ~ 4l.,..! t:l&ittl Ii 1 ~) ij ii1

Countries WIth a per capita Romania 14692 Cuba 5702 Netherlands 5777
wheat consumptIon Russian Federation 13928 Denmark 6840 Netherland Antilles 6336
of >100 kg/yr Saint Lucia 10260 Dominica 8394 New Caledonia 9136

Algerra 21455 Saudi Arabia 127 31 FUI 9516 New Zealand 7599

Argentrna 11535 Slovakia 10165 Finland 56 13 Norway 91 70

Bulgarra 15463 Syrra 21732 France 9545 Portugal 9803

Chile 11878 Tunisia 18981 French GUiana 6792 Reunion 5347

Cyprus 10747 Turrey 20333 French PolyneSia 77 13 Sn Lanka 5597

Czech Republic 107 11 Yemen 11880 Djibouti 5960 St Kitts Nev 5283

Egypt 14546 YUGoslav FR 12582 Germany 6434 Sao Tome Prn 52 17

Greece 13838 Grenada 6827 Seychelles 5666

Hungary 11333 Countries with a per capita Guadeloupe 7974 Slovenia 8722

Iran 172 80 wheat consumption Guyana 6323 South Afnca 72 88
Ireland 10369 of 50 100 kg/yr Hong Kong 5347 Spain 92 12
Israel 13472 Albania 8969 Croatia 8733 Swaziland 51 60
Italy 14780 Antigua Barbados 6481 Iceland 7095 Sweden 7460
Jordan 13336 Australia 8015 India 5776 SWitzerland 8780
Lebanon 12431 Austrra 6732 Iraq 8144 Tnnldad Tobago 7574
Libya 16439 Bahamas 5045 Jamaica 6761 UAE 6068
Malta 13284 Barbados 6442 Korea Republic 5009 UK 8499

Mongolia 11078 Bel lux 9326 Kuwait 7455 Uruguay 8383

Morocco 17843 Bermuda 8957 Maldives 7560 USA 8523

Macedonia 10360 Bolivia 5680 Martinique 7894

Pakistan 127 49 Belize 5555 Maurrtanla 61 02 FAOSTAT Database FAa
Poland 10907 Canada 8439 Mauntlu~ 7951 19901997

3
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1 Re\ Ised food laws do not alia" the addition of \ Itamm A after June 1997

Onli mdlcated m propo'al not enacted

3 UnIted States export wheat flour food aid

and calciUm (NAS 1974) Stability
studies demonstrated the techmcal
teaslbllity of adding the~e nutnents, but
the proposed policy was not Imple­
mented because the beneftt for the
population of the Umted States from
the additIOn of these nutnents was not
clear

While fortification of wheat flour with
the B-vltamlnS and Iron IS Widely
practiced, the add!tlon of" ltamln A to
wheat flour has only reached the pilot
test level In developing countnes
(Table 1) Only "Modern Bakenes," a
Government of India undertaking,
adds thiamin, nboflavln, maCIn, Iron,
and vitamin A (2,200 IU/400 g loaf) to
white and frUIt breads (Ranhotra 1979)

Table 1

Country

Australia!

United States2

(1974 proposal)

United States
Pl 480 Title 113

India (Pilot)

TUniSia (Pilot)

Bangladesh (Pilot)

Philippines (pIlot)

level

20 830 IU per kg

4 333 IU per pound (9 533 IUlkg)

1a 000 to ] 2 000 IU per pound
(22 000 to 26 400 IU/kg)

3 636 IU per pound (8 000 IU/kgj

4 545 IU per pound (10 000 IUlkg)

5 000 IU per pound whole wheat
(1 1 000 IU/kg)

4 900 RE per kg (16 333 IU/kgj

r '4

Pilot Trials on Wheat
Flour Fortification

Food proce~slng mals conducted m India In 1966
on fortifYing wheat flour for use In bakenes demon
strated the techmcal feaslbl1lty of adding a vlta­
mm/mlneral premix containing vitamin A (8,000
IU/kg flour) However, due to lack of government
regulations, fortlftcatlon or ennchment of baked
products IS rarely practiced

Only one efficacy tnal has been carned out, in
TumSla, uSing wheat flour as a food vehicle for
fortlftcatlOn with Vitamin A (10,000 IUjkg),
thiamin, nboflavln, maCin, vitamm D, Iron, and
calciUm The evaluation, however, focused on the
health effects of lySine (Gershoff 1978, NRC
1984) No organoleptic changes were reported and
consumer acceptability of the fortlfted flour was
high De~plte these pos!tlve outcomes, there were
no measurable posItive health effects on the study
populatiOn from lySine fortlftcatlOn, thus, the
program was discontinued

An efftcacy tnal was planned In Jordan follOWing
encouraging results of a feasibility tnal m whlLh
vitamin A was added to wheat flour along with

nboflavln, thlamm, maCIn, and Iron The level of
added vitamin A was stable dunng storage, and
vitamin A losses In baking Arabian bread were
negligible (2 percent) Ho\\-ever, the project was
discontinued due to pol!tlcal unre~t (Arroyave
1992)

Vltamm A fortlftcatlOn of whole wheat was
considered In Bangladesh because most
Bangladeshi households tend to buy locally ml1led
whole wheat flour in the market (Nestel1993)
Fortified whole wheat kerneb were used in expen
mental tests, whiCh demonstrated the techmcal
feasibihty and high stabl1lty of" ltamin A dunng
grlndmg, storage, and baking, "ltamln losses
amounted to only 7 percent dunng gnndlng and 12
percent dunng bakmg However, the project was
termmated betore any efftcacy tnals were con
ducted

In Iran, a umque method of ennchment uSing
vitamin A palmitate or acetate combined With
yeast mto tablets was employed to ennch sangak, a
Persian-type sheet bread After bakmg at 204°C for
2-3 minutes, 68 percent of vltamm A palmitate
added at a level of 484 2 mg/kg flour, and 74
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percent of vltamm A acetate added at a level of
490 2 mg/kg flour were retamed (VaghefI and
Delgosha 1975) No efflCacy tnall& known to have
followed thIS feaSIbIlIty study

The NutntlOn Center of the PhllIppmes has
conducted a pIlot tnal of wheat flour fortifIed wIth
vltamm A at two big flour mIlls One month after
fortifIcatlOn, the retentlOn of vltamm A m flour was
81 4 percent, and 80 3 percent m a popular bread
(pan de sal) However, three months after fortifIca
tlOn, the losses of vltamm A were also reported to
be good 455 percent loss m flour and an addl
tional 40 percent loss due to bakmg of pan de sal
No adverse effects were seen on the sensory proper­
ties of flour or pan de sal (Solon 1996) when used
wlthm one month of fortifIcatIon Due to these
encouragmg results, an effIcacy tnal to evaluate the
bIologIcal effect of vltamm A fortifIcation (490 Mg

RE/100 g) of wheat flour IS underway

It IS Important to note that none of these pIlot
studIes resulted m national fortIfIcation programs
for vanous reasons, mcludmg a lack of bIological
effIcacy and cost-effectiveness measurements, as
well the lack of knowledge of storage losses under
practical condmons

Addition of Vitamin A to
Food Aid Commodities

Wheat flour IS the most commonly shipped pro­
cessed cereal commodIty withm food aId programs,
accountmg for about 270,000 MT shIpped m
1993 The Umted States and the European Umon
are the two pnmary donors of wheat flour In
addItion, the World Food Program purchases wheat
flour from other countnes for use m food aId
programs Generally, fortlfIcatlOn and ennchment
poliCIes for food aid commodmes vary by donor
(Dexter 1995)

The U S PL 480 TItle II program donates agncul­
tural commodItIes to support emergency and
regular food aid programs Much of the wheat flour
shipped under TItle II IS used m chIld feedmg and
emergency feedmg programs The nutnents to be

added to wheat flour are specIfIed by USDA m the
purchase announcements (USDA 1994) Smce
1969, vltamm A has been added to wheat flour
shipped under P L 480 TItle II Iron, th1amm,
nboflavm, maCln, and calclUm are also added

Vitamm A 1S added m the form of retmyl palmItate
and is further detailed m the USDA speciftcat10ns
given m the purchase announcements (AppendiX
1) In 1988, levels of vitamm A added to processed
cereals mcludmg wheat flour were mcreased from
between 8,800 IU and 13,200 IU/kg to between
22,000 and 26,400 IU/kg Product mformatlOn
from prem1X suppliers mdicate that 10,700 IU/g of
v1tamm A are mcluded m the USDA-speClf1ed
premr'C proVided for ennchment of wheat flour

To determme safe and effective levels of v1tamm A
to be added to food ard commod1ties, USAID
(1988) reviewed the m1mmum and maX1mum
mtakes of the commod1ty, based on avarlable
mformation of likely mtakes by food aid rec1p1ents
Upper and lower levels of v1tamm A darly mtake
were also determmed It was agreed that a dar1y
mtake of 10,000 IU is a safe level for use as a
maX1mum m food fortification programs ThIS level
would be attamed If 500 g of v1tamm A fomf1ed
wheat flour were consumed Symptoms of vltamm
A tOXICIty usually occur only after long penods of
Intakes of at least 20,000 IU/day for chIldren and
50,000 IU/day for adults (Bauernfemd 1980)

Stab1lIty speClflcations are defmed m the purchase
announcement (AppendiX 1) L1mlted studIes on
the stabIlity of vltamm A and other nutnents
added to PL 480 T1tle II commodmes have been
conducted, but 1t has been diffIcult to draw fIrm
concluslOns due to a lack of baselme est1mates
(Combs et al 1994) USAID IS currently revlewmg
the stability of nutnents added to P L 480 com­
modmes and developmg protocols for further
mvestigatlOn

Fortlf1catlOn prem1xes contammg vltamm A are
routmely tested by manufacturers Penodlcally, the
fmal flour product IS also tested The f1mshed
fortifIed product IS regularly spot tested at the
production slte for the presence of Iron to mdlCate

5 I
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the presence of other nutnents, but there may be
addmonallosses once the flour 1S m the d1stnbu­
tion system, and thus the fmal retentlOn of nutn­
ents remams unknown Consldenng thls, as well as
concerns regardmg effectlve lmplementatlOn of

quality control measures, USDA 1S currently
rev1ewmg add1tional measures that may be taken to
ensure the fort1fIcatlOn and ennchment levels of
nutnents m food ald commodmes

~ General Considerations In Wheat Flour Fortification with Vitamin A
L_ ~_-'

Technology compositlOn of a multiVitamm-iron premiX that
can be added to wheat flour is presented below

Commercially aVailable concentrated dry vltamm­
mmeral premlxes are used m fortifIcatlOn programs
A dry vltamm-mmeral premlX can be metered mto
a contmuous flour stream usmg a volumetnc feeder
(F1gure 2) followed by m1xmg for ulllformlty A
slmphf1ed flow chart of wheat m1llmg and fortifIca­
tion processes 1S presented m Figure 3 A tYPlcal

Nutrlent

Vitamm A (IU)
Thlamm (mg)
Riboflavm (mg)
Niacm (mg)
Iron (mg)

ForttflcatlOn level/kg flour

23,540
5 7
40
46
37

Personal commUlllcatlons F Hoffmann La Roche Ltd 1997

Flgure 2

MOTOR HOPPER

Vanous types of vitamm A fortificants J are avail­
able m the market today and each is speCifIcally
smted for use m p'lrticular food products (Appen­
diX 2) The form ohitamm A most commonly
used m fortifymg wheat flour is a fme, dry, hght
yellow powder contammg stabihzed vitamm A
palmitate With a potency of 250,000 IU/g The
active mgredient is retmyl palmltate di::.persed m a
water miscible matnx of acaCia gum, lactose, and
coconut 011, plus BHT, sorbiC aCid, and sodiUm
benzoate as antlOx1dant preservatives The partiCle
::'ize ot this type of retmyl palmitate is Similar to
that of wheat flour, whiCh faCilitates mixmg and
milllmizes ::.egregation durmg sh1ppmg and storage

To compensate for vitamm A losses m storage and
handlmg, additional vitamm A is added to wheat
flour, and this is often referred to as the "overage"
Vltamm losses are estimated by te::.tmg at both
factory and household level, takmg mto account
losses dunng processmg, distnbutlOn, storage, and
food preparatlOn Other additlOnallosses until the
time of consumptiOn must also be considered when

3 F Hoffmann La Roche Ltd and BASF Inc are the two producers of synthetiC vltamm A
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Personal commumcatlom F Hotfmann La Roche Ltd 1997

SACKINGBULK

Mwronutflent
PremIx Added ENRICHING

Dunng Conveyance

l'<
IrAfl'OUS ctEAN11\IG

OPEl"frOONI'"

loss of" ltamm A aCtlvlty due to oXldatlOn reac­
tlons that are accelerated m the presence of trace
metals, such as Iron The stabthty of vitamm A m
flour and wheat products vanes dependmg on the
physlcal and chemlCal factors m effect dunng
storage, dlstnbutlon, and food preparatlOn

Stabthty tn Forttfted Flour

Vltamm A losses of about 7 percent were reported
for fortlfled wheat mtlled at temperatures up to

130°F (Barrett and Murphy 1989), whlle treatment
of fortlfled bread flour wlth vanous matunng,
bleachmg, and oXldlZlng agents dld not result m a
slgmflCant loss of vltamm A (Ranum et al 1981)
Vitamm Am fortlfled wheat flour was found to be
dIstnbuted evenly exhlbItmg reslstance to segrega
Han dunng pneumatlc handlmg and shlppmg
(Parnsh et al 1980a) Storage offomfled flour at

Estimated losses (storage, processlllg, etc)

40 percent

Esttmated amount remallllllg

60 percent

Total amount to be added

333/06

Total amount to be added

555 RE 0,850 lU) per 100 g flour

StabIlity

RDI for vltamlll A

400 RE per day

Consumption of flour

120 g per day

To provide 100% of RDI, target level of vltamm A

400/1 2 = 333 RE per 100 g flour

Target level of vltamlll A

333 RE per 100 g flour

The amount of overage reqUlred has lmportant cost
lmphcatlOns Overages up to 50 percent have been
consldered acceptable and used m dlfferent fortlft­
catlOn programs

Heat, hght, alr (oxygen), mOlsture, and an aCld pH
all reduce the stablhty of vitamm A Heated to
moderate temperatures, vitamin A is reasonably
stable m the absence of water, air (oxygen) and
hght Oxygen and hght can result m an extenslve

determmmg overage~ The total amount of vltamm
to be added can be calculated glven the ROI,
e~tlmated consumptlon, and estlmated percent los~

For example, tf RDlls 400 RE/day (the value
frequently used for chtldren bet\\<een 1 and 6 years
old), estlmated consumptlon of wheat flour lS 120
g/d, and losses are estlmated at 40 percent, the
followmg calculatlOns can be done to determme
fortlflcatlon levels

7
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Cort WM B Borenstem B, JH Harley M O,adca and J Schemer 1976
Nutrlenr stablltry of fornfled cereal producrs Food Technology 30 52 81

The results of these expenments, however, may not
reflect the extent of storage losses that would occur
m practice m developmg countnes These expen­
ments were carned out under controlled storage
conditIOns, where the mOisture content of flour
ranged from 8 to 11 percent Storage condltlons m
many developmg countnes are not controlled and
flour is generally stored at ambIent condltlons that
are naturally hot and humid, thus, the mOisture

room temperature for SiX months mduced negligible
(3 to 11 percent) vitamm A losses (Bauernfemd
and Arroyave 1986, Parnsh et al 1980a, Rubm et
al 1977, Cart et al 1976 (Table 2» In contrast,
storage at elevated temperatures of 40 to 45 'C
resulted m dramatiC losses, loss of vltamm A was
28 percent after three months (Cart et al 1976),
and 50 percent after SiX months (Parnsh et al
1980a) Although there was a gradual loss of
v1tamm A dunng storage, the estimated
blOpotency (blOlog1cal actlVlty) of vitamm A that
remams m the stored flour remamed unchanged
(LlU and Parnsh 1979)

content of flour may be h1gher depend
mg on the relat1" e hum1d1ty to whiCh
the flour 1S exposed Comequently,
los::.e::, of vitamm A may be hIgher than
projected

The extreme losses of vitamm A
observed, m the above expenments,
dunng high temperature and prolonged
storage penods underscore the impor­
tance of optimum storage cond1tiOn~ to
ensure the stability of the added
nutnent High temperature and
humidity condltlons m warehouses
where flour IS stored are typiCal of
many developmg countnes In such
mstances, particular attentiOn should
be paid to the rotation penod of flour
to mmim1ze the storage penod Vita
mm A losses may be also assoCiated
With other quality parameters, such as
ranCidity, dunng storage and d1stnbu­
tiOn

Stablhty m Processed Foods

Further losses of vltamm A dut mg food processmg
form an additiOnal concern, because the fortifica­
tiOn level ~hould be based on the vitamm A level
m the food at the time of consumptIOn RetentiOn
vanes accordmg to the food processed With lower
losses trom bread, spaghetti, cakes, and pancakes
than from pasta Parnsh et al (1980b) reported
that 90 percent of vitamm A was retamed m
processed foods (bread, ~paghett1, cakes, and
pancakes) made trom fortified wheat flour stored
les~ than SlX months V1tamm A losses m pasta
products made from fortifIed durum wheat flour
amount to 13 percent dunng drymg at 75°C and
17 percent dunng cookmg Mmimal vitamm A
losses of 12 percent were observed dunng bakmg of
chapatz from fortifIed wheat flour (Barrett and
Murphy 1989)

91 5

784

715

1000

978

970

RetentIon (%JIU/I(g

Label ClaIm 16534

InItIal 18078

Room Temperature

2 months 18078

4 months 17681

6 months 17 526

45°C

1 month 16534

2 months 14 175

3 months 129J9

Table 2

8



ForttftcatlOn of Wheat Flour wtth Vttamtn A An Update

Double Fortification with
Vitamin A and Iron

Double fortlflCatlon of wheat flour
wlth vltamm A and lron is techno
logiCally feaslble, and may be an
economiCal and bIOlogiCally effectl' e
mterventlOn

Type (potency)

Vitamin A Palmitate
250 SD (250 000 IU/gj

Vitamin A Palmitate
250 CWS 1250 000 IU/g)

Cost (U S $/kg)

46 00

4600

I Personal commumcarlOns F Hoffmann La Roche Lrd ChIle 1997 these are
reference \ alues only and may \ ary

A commerCIal rusk (made of wheat flour, sugar,
and vegetable 011), mtended as a complementary
food for young chlldren, fortlfled wIth ten micro­
nutnents, mcludmg vltamm A (13,200 RE/g or
44,000 IUjkg as retmyl acetate), and lfon (290 mg/
kg, as fernc ammomum CItrate) was found to be
palatable and may have Improved iron status m
young chIldren m rural BeIJmg, thus promIsmg to
be an effectlve food fortlficatlOn vehIcle (LlU et al
1993)

Several studIes have shown the benefiCIal effects of
"Itamm A supplementatlon, alone or m combma
tlon with iron, on Iron status of ammals and
humans A recent study of double fortIflcation of
pre-cool..ed malZe flour wIth 9,500 IU/kg of vIta­
mm A and 50 mgjkg of lfon (as ferrous fumarate)
suggested that vitamm A forms a soluble complex
wIth Iron and may enhance the absorptIon of Iron
(Laynsse et al 1997) More research IS needed to
substantiate thIS hypotheSIS Comidenng such
benefiCial vitamm A Iron mteractlOns, the poten­
tIal of addmg these two nutnents together to wheat
flour must be explored m natIonal fortlfication
programs

Vitamin A Acetate
325 CWS/F (325 000 IUlg)

Oily Vitamin A Palmitate
(1 0 million IUlg)

Water-miscible Vitamin A
(100 000 IU/gj

4950

5600

2050

Vitamm A added to wheat flour along wIth re­
duced lfon was found to be stable through shIppmg
and dIstnbutlOn, and dunng storage at room
temperature, although storage at a higher tempera
ture of 45°C caused a slglllficant loss (28 to 50
percent) of the Vltamm (Ranum et al 1981,
Parmh et al1980a, Cart et al 1976 (Table 2))
Processmg los~es amounted to 10 to 17 percent m
breads, cakes, or pasta made from tortlfled flour
(Parnsh et al 1980b) Iron added to flour as ferrous
sulfate, or reduced Iron, had no "lgmfIcant effect
on the stabilIty of vltamm A m whlte bread
(Parnsh et al 1980a) It must be pomted out,
however, that these results may not reflect actual
losses m developmg countnes, where condltlons of
storage 'WIdely dIffer from those u5ed m the expen­
ments

When the NAS/NRC proposed the
ennchment of wheat flour with
several vitamms and mmerals, mclud
mg vitamm A and lfon, m 1974,
numerous researchers mvestigated the
techlllcal posslblhty of such an
ennchment regImen These studIes
demonstrated the feasIbIhty of addmg
4333 IU/lb (9,533 IU/kg) of stabthzed
vitamm A (type 250 SO) and 11 5-40
mg/lb (25 2-88 0 mgjkg) of reduced
Iron to wheat flour, along with the other proposed
vitamms and mmerals, wIth no sIglllflCant deleten­
ous effect,> on the stabilIty of" Itamm A, or the
sensory and storage propertIes of the fortIfIed flour
or bread (Emodl and SClalpl 1980, Parnsh et al
1980a, Cart et al 1976)
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Other Nutrrent Interactrons

When more than one fornflCant IS bemg added to
a partlcular food vehIcle, conslderatlon must be
gIven to nutnent mteractlOns that may take place
For e'(ample, calcIUm and magnesIUm adversely
affect vltamm A retentlon dunng the bakmg
process (415°F, 20 mmutes, 38 percent m01sture
level) Bread fortified wIth a preml,( contammg
calcmm and magne~mm4(along wIth vltamm A,
thlamm, nboflavm, pyndoxme, maCln, folic aCld,
Iron, and zmc) retamed only 83 percent of vltamm
A, whIle that fortIfIed wIth the same premix
without calclUm and magneslUm retamed 95
percent of the added vltamm A (Rubm et al
1977)

Sensory Characterrstrcs

Results from studIes on the NAS-NRC proposed
levels of added nutnents (vitamm A, thlamm,
nboflavm, pyndoxme, macm, folic aCld, [ron,
calclUm, magne~lUm, and zmc) to wheat flour
found that the combmatlon of these nutnents dId
not discolor flour or contnbute to an undeSIrable
taste or odor (Cart et al 1976) Also, no off flavors
were notlced m breads fortlfled wIth the ten
nutnents, mcludmg vItamm A added at a level of
992 IU/lb or 2,182 IU/kg (Emodl and SClalp[ 1980,
Rubm et al 1977)

Ouallty Assurance and Control

Quahty assurance and control ensures that the
manufactured food l~ safe, unadulterated, properly
labeled, and meets all company as well as govern­
ment regulatlOns It also helps ensure that the
fortified flour contams vltamm A at the level
stated on the label, and provides the mtended level
of vltamm A at the tlme of consumptlon Quahty
assurance covers a Wide range of aCtlvltles, mclud­
mg mspectlon of all mgredlents agamst reference

standards, testmg the product for contammants,
mlCronutnent content, and sp01lage at different
cntlcal pomts dunng manufactunng (e g , after
addmg premIX, after packagmg), and dlstnbutlon
(e g , wholesale and retaIl levels)

The development and Implementatlon of a sound
quahty assurance system IS cruCial to developmg an
effectlVe, practlCal, and economIcal fortifIcatIon
program Manufactunng compames and govern­
ment agenCles mvolved m food regulatlOn must
commit to momtonng and evaluatmg the quality
of the fortlfIed food for any fortlfIcatlon program to
be ~uccessful

Momtonng the vltamm and mmeral content of
the premix and fm tlfted flour IS an Important
aspect ot food fortlftcatlon quahty control pro
gram~ Appropuate analytICal methods should be
based on the accuracy and pleC[SlOn of a given
method, available taClhtles and eqmpment, and
the need for Simple and rapId te~t~

The retmol content of wheat flour can be deter­
mmed semlquantltatlvely usmg a colonmetnc
method that was pnmanly developed for measunng
vltamm A added to ~ugar (Dary and Arroyave
1996) It IS based on a chromogemc reaction and
the mtenslty of the blue color IS measured
semlquantltatlvely by visual companson agamst a
reference scale of copper sulfate solutlOns ThIs
method [S Simple and rapid, and does not reqmre a
spectrophotometer However, [t IS a ~emlquan­

tltatlve method prm [dmg only an approxImate
estImate of the vltamm A content m a ~ample,

makmg [t unsmtable for premix analysts It may be
uGed for monltormg the v[tamm A content of flour
at the productlOn level, but the results should be
venfIed usmg quantltatiVe methods

QuantItative determmatlOns of vltamm A m
premixes or wheat flour can be made usmg spectro
photometnc or high pressure hqmd chromatogra­
phy (HPLC) methods In the spectrophotometnc
method, "ltamm A [S ~apomfted by refluxmg With

10

4558 mgjlb (l 227 mgjkg) of calcIUm and l24 mgjlb (272 8 mgjkg) of magneslum
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Table 4alcoholic potasslUm hydroxide (KOH)
dnd then extncted with he'{ane
Rltmol m solutton then reacts \\ Ith
chloroform saturated with antlmonv
tnchlonde (Carr-Pnce reagent)
resultmg m a tranSient, blue-colored
compound whose absorbance IS
measured at 620 nm In the HPLC
method, vltamm A IS sapomfled with
ethanoltc KOH and e'{tracted mto an
organic solvent Subsequently, retmol
and Its Isomers are separated by ltqUld
chromatography on a silica column
and quantified bv measurmg their
absorbance at 325 nm

Food

Sugar

MSG

Corn Flour

Wheat Flour

o 0 0

Intervention Countnes

Program Guatemala Honduras
Panama

Expenmental Philippines Indonesia

Program Venezuela

Program US PL 480 Title II

Expenmental Jordan Tunisia India
Pal<lstan Philippines
Sn Lan/<a

Cost Whole Wheat Expenmental Bangladesh

A recent review of the effects of ennchment on
internatIOnal trade Illustrated some of the concerns
for countnes exporting wheat flour to other coun­
tnes, where ennchment standards vary (Ranum
and Trood 1995), because they are deSigned to
fulfill local nutntlOn needs Ennchment standards
can create barners to trade For example, differ
ences m wheat flour ennchment standards between
the United States and Canada make flour that
meets U S standards unacceptable for sale In

M,II< Powder

0,1

M'"<

BraZil

Chile

BraZil Chile Colombia
MeXICO Honduras
EI Salvador Peru Panama
Ecuador Guatemala
India IndoneSIa MalaySia
Philippines

Venezuela

Argentina Brazil MexIco

Program

Expenmental

Program

Program

Program

International Trade

Marganne

The estimated cost of a metnc ton of
wheat flour In the U S P L 480 Title
II program m 1993 was U S $203 00,
of which $3 79 was attnbuted to the
cost of the added" Itamln A (Combs
et al 1994) Vltamm A IS the most
expensive nutnent added to the PL
480 commodities LiqUid" Itamm A
palmitate (1 0 millton IU vltamm AI
g) and dry vitamin A palmitate (0 5
million IU vitamin A/g) currently
cost U S $4600 and U S $4700 per
kg, respectively Usmg an RDl of
2,830 IU of vltamm Alday, thiS IS
eqmvalent to US $130 00 per one
millton people for liqUid vltamm A palmitate and
U S $266 00 for dry vltamm A palmitate Table 3
presents the costs of different types of vltamm A
fortlftcants

The CO&t of vitamin A fortification may Increase
the cost of the fmal product by an estimated two
percent, not accounting for the costs of quality
control and mOnltonng Indeed, cost IS one of the
major deterrent5 of wheat flour fortification With
vltamm A

II



Fornfzcatwn of Wheat Flour wIth Vltamm A-An Update

Canada because It would contam too much lron
and folic aCld However, thls may not be of con­
cern m many developmg countne~ where whole
wheat is imported and milled withm the country

Other Food Vehrcles

Foods other than wheat flour have been considered
and are used m vltamm A fortiflcatlOn programs m
a number of developmg countlles (Table 4) In
Venezuela, precooked corn flour 1 e , flour which IS
steamed and then dned, IS successfully used as a
vehlcle for fortlfymg wlth vitamm A, as well as
wlth thlamm, nboflav m, macm, and lron Thls
flour IS used to make "arepas," a staple food m the
Venezuelan dwt, makmg It an Important and

vlable source of the added mlcronutnents Sugar
fortlftcatlOn wlth vltamm A i~ leglslated m Guate­
mala, Honduras, and Panama, although programs
have not been fully effective due to weak enforce
ment

Alternately, hlgh fat and fat-based foods such as
mllk, marganne, and vegetable Olls may form
better vehlcle~ consIdenng that vItamm A IS fat
soluble, not only IS the nutrient more compatible,
but Its absorptlon may also be enhanced Vltamm
A additiOn to mdk is legislated m the Umted
State~, Argentma, Brazll, and Mexlco, while
mandatory fortlhcatlon of margarme WIth vltamm
A is practlced m numerous developmg countnes
Other potentIal food vehlcles that have been
expenmented upon mclude monosodium glutamate,
vegetable 011, nee, tea, and salt

Further Research

Although fortlhcatlOn of wheat flour wlth vltamm
A appears to be techmcally feaslble and promlsmg
accordmg to fleld tnals, there are a number ot
hmltatlOns to It bemg wldely Implemented The
followmg are some of the proglammatlc l~sues that
need further conslderatlon

II The development of a simple, quantitatlve
test for the determmatiOn of vitamm A m
fortltied wheat flour and other foods would
help reduce the costs of a fortlfication pro
gram

• Informatlon on nutnent stabillty, shelf-hfe,
and sensory propertles of flour double-fomfled
wlth vltamm A and lron under chmatlc
conditiOns found m developmg countnes IS
lackmg Abo, the blOloglcal efflcacy and cost
effectiveness of addmg these two nutnents
together needs to be studIed

III StudIes on the efficacy and economlC aspects
of preViOusly conducted or ongomg vltamm
A fortiflcatiOn (of wheat flour) programs are
needed to convmce governments and food
compames of the cost-effectlveness of food
fortlflcatlOn

1.1 InformatiOn on consumer behaViOr regardmg
acceptable pnce levels of wheat flom, espe
clally m countnes where fortifled wheat flour
pilot tnals were promlsmg Such mformatiOn
Will mdlcate If SOCial marketmg IS necessary
or helpful m implementmg fortlflcatlon
programs
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~ Appendices

Appendix 1- Specifications for Vitamin A Added to PL 480 Title II Wheat Flours

Form Requzrements

Vitamm A palmitate (stabilized) must be added m encapsulated form contammg 250,000 IU vitamm A
palmltate/g Particle SiZe must comply With the reqUirement that at least 98 percent will pass through a U S
Standard No 50 Sieve, at least 90 percent through aU S Standard No 60 Sieve and at least 45 percent
through a U S Standard 100 Sieve The product must not be less than 95 percent of the all-trans isomer as
determmed by the USP assay procedure Flour must not be Sifted through a cloth after vitamm supplemen­
tation which could remove vitamm A palmitate

Stabzlzty Requzrements

Vitamm A palmitate must have storage stability such that no more than 20 percent of its ongmal aCtiVity
Will be lost when stored for 21 days at 45°C m a sealed contamer at a level of 10,000-12,000 IU/lb (22,000­
26,400/kg) m wheat flour, havmg a mOisture content m the range of 13 5-14 5 percent In additiOn the
vitamm A palmitate must contnbute no off-flavor or odor to the dry miX or the cooked products prepared
from fortified flour

Level

Vitamm A palmitate added to allow for a mmimum of 10,000 IU/lb (22,000 IU/kg) and a maXimum of
12,000 IU/lb (26,400 IU/kg) of wheat flour

5 SpeCificatIOns defmed m product announcement by USDA for wheat flour WFSF4 February 1, 1994
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AppendIx 2 - Forms of VItamin A Used In the FortIfIcation of Foods

Potency
Form (mtlhon IU/g) Other Ingredtents Usage

LtqUId Products

Vltamm A palmitate 165 18 Edible antIOXidant, no 011 Where maximum concentration I~

diluent required with stablltzers

Vltamm A palmitate 165 18 No antIOxidants, no 011 Where maximum concentration IS
diluent reqmred, no stabtltzers

Vltamm A palmitate 1 0 Edible 011 dtluent, <..dlble Recommended for general use, with
Type PIMOjBH antioxidant stablltzers

Vltamm A acetate or 1 0 Edible 011 diluent, no For speCifIC uses
vltamm A palmitate antIOxidant

Vltamm A palmitate 05 Emulsifiers, antioxidants FortifICation of cereals, milk products,
emulSion preservatives potato flakes and food products that

reqmre speClftc processmg techmques

Dry Products

Vltamm A palmitate 05 Gelatm, carbohydrate, For products not dispersed m cold
beadlets, Type 500 tncalclUm phosphate, water where high resistance to

antlOxtdants preservatives mOIsture and heat reqmred,
e g , extruded foods

Vltamm A palmitate 025 Modified food starch, Water dlspersable, for dry products
beadlets, carbohydrates, gum to be reconstituted before use,
Type 250 CWS acaCia, antIOXidants e g, sugar

Vltamm A palmitate 025 Gelatm, dextrose, modlfted Water dlspersable, free flowmg
beadlets, Type 250 S food starch, sodIUm Citrate, beadlets to help meet the stnngent

sorbitol, coconut Oil, flavor needs ot mtlk based products
antIOXidants and other beverages

Vltamm A palmitate 025 AcaCia, carbohydrate, Water dlspersable fme beadlet product
beadlets, Type 250 T modified starch, alpha for pre mixes

tocopherol, preservative

Vltamm A palmitate 025 AcaCia, lactose, coconut For use where" ery fme particle size IS
Type 250 SD 011, preservatives deSired, I e flour, corn meal,

vltamm pre mixes, dry mtlk, sugar,
beverage powders

Bauernfemd JC and G Arroyave 1986 Control of Vltamm A DefiCIency bi Nutnflcatlon of Food Approach Cereal Gram Products m
Vttamm A DefICIency and Its Control edited hi JC Bauernfemd Nutntlon BaSIC and Applted SCIence A. Senes of Monographs Orlando FL
1986 pp 372 388


