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Abstract

Human exjstence requires thatiagriculture provide at least 50 nutrienls (¢.g., vitamins, minerals, trace clements,
amino acids, essential fatty acids)iin amounts needed 1o meet metabolic demands during all seasous. If national food
.systems do not meet these demands, wortality and morhidity rales inctease, worker: productivity. declines, livelihoods
are diminished and societies suffer. Today, muny food systems within the devcloping world cannot meet the nutritional
needs of the societies they support mostly dus to farming systems that cannot produce eoongh micronutrients to meet
human needs throughout the year. Nutrilion {runsitions are also occurring in many rapidly developing countries, that
are causing chropic discuse (c.g., cancer, Leart disease, stroke, diabetes, and o5teOpororis) rales to increase
substantially. These global developments point to the need to explicitly Jink agricultural technologies to human health.
This paper reviews some ways in whigh agriculture can contribute significantly to reducing micronutrient malnutrition
globally. It concludes that it is imperative that close linkages be forged belween the agriculture, nutrition und bealth
arenas in order to find sustainable solutions to mivonutrient malnuteition with agriculusre becoming the primary
intervention tool to use in this fight,
Published by Elseviet GmbH.
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Introduction

Micronutrient malnuttition (s.g,, Fe, Zn, I, Se,
vitamin A, folic acid, etc) is at crisis proportions
globally afflicting over 3 billien peoplé (i.¢., over half the
world’s population) mostly among women, jnfants and

children in resource-poor families in the Global South

(1,2 The consequences .to liuman health, felicity,
livelihoods, and national dévelopment are staggering
cavsing incresised mortafityj and morbidity rates, de-
creased worker productivity, poverty and diminished
cogmitive ability in children with lowexr educational
potential borm to deficient mothers [3-5]. Dr. Bro
Harlem Brundtland (Irector General, World Health
Organization, United Nations), deelared at the World
Reonomic Forum in 2000 thiat:

Nulrition is a key element to any strategy to reduce
the glohal burden of discase. Huuger, malnutrition,
obesity and upsafe food all-cause-disease, and better
nutriion will wanslatc into large improvements in
health among all of us, irrespective of our wealth and
home country [4].

Further, the World Health Organizatinn’s 2002 Warld
Health Report states that inadequote food and mal-
putrition leads to & downward - spiral of increased
susceptibility o illness, sickness and loss of livelihood
coding in death. Current trends in  micronutrient
malnutrition continue to be increasing ih many devcl-
oping oations. For instance, the global burden of Fe
deficiency has riscn from dbout 35% of the world's
population i 1960 to over 50% in 2000 [4), and Fe
deficiency among poor women is increasing at an
alarming rute in many developing countries and current
intervention programs (i.€., - [oud fortification and
supplemnentation piograms) to alleviate the problem
have not proven to be cfftetive or sustainable in inany
countries [6]. This global crisis in micronutrient mal-
nutcition is the result of dysfunctional food systems that
cannot consistently deliver! enough micronutiients {o
meet the nutritional requirements of all.

Agriculturc and qhtﬁﬁonz the nexus for good
hiealth

Because agrcuture is the primary source- of all
microputrients for humaniconsumption, agniculiural
systems must be contribuling to dysfunctionul food
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systems thut ate failing to mest the nutritional necds of
cvery one (7). How can agriculture be chianged in ways

that will result in enough micronutrient output of

farming systems to assure adequate nutrilion? Lmpor-
tantly, if agriculturyl technologies are to be directed at
improving the nutritional quality of foud crops, they
must cncompass 4 holistic food systern penspective (scc
Fig. 1) to assure that ihe intcrventions will be sustain-
able, and adopted by farmers and consumers [4].
Further, the agriculture sector must embrace a specific
goal of improving human nutrition and -health, end the
putrition and health sectors must implement agricultural
inlérventions us o primary tool to fight micronutrivnt
malautrition. '

Humans require at least S0 known. nutrents (see
Table 1), in adequate amouats, consistenily, to live
healthy and productive lives, Unfortunately, global food
systems wr¢ failing to provide adeqnate quantitics of all
of these essential nulrients 1o vast numbers of jeople in
the ‘developing wotld. Advances it ‘crop production,
incurred during the “‘gresn revolution”, were dependent
w03tly on improvements in cereal cropping systems (i.e.,
sDce, wheat and maize) and resulted in greatly'increased
food supplies for the warld preventing massive starva-
tion. However, cereals as normally eaten, only supply
needed carbohydrates for energy snd a small amount of
prowin but few of the micronutrients in required
amounts. This change in agricultural production
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Flg. 1. Holistic [ood system model (8],




R.M. Welch, R 1. Grahsim / Journsl of trace Efcments In Modisine und Biology 18 (2005) 299--307 301

Table 1. The known 50 essential nutrients for sustaining human jfe?

—mren

Water and enetgy . Protein (amino Lipids (fatcy ucids)  Macromincrals [7) Microslements Vitaminsg [13)
(2) acids) [9] [2) . ' [
Water, Histidine Linoleic acid Na Fe A
Carbohydrates Tsoleucine Linolenic acid K Zan’ ' D
Leucine - Cit Cu E
Lysine Mp Muo K
Mecthionine S 1 - C
Phenylslaninc P F By (thiamin)
Threonine Cl B B, (viboflavin)
Tryptophan Se B; (pantathenic
_ : weid)
Vuline Mo B
Nij ) Folic acid
Cr ' BDiotin -
Si Niacin
Ar ' "Byz (cobalamin)
Li
.Sn
v
Co (in E,;)

*Numerous other bonefioinl vihstancar in foods ure also known 1o contribute fn gand health,
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Fig. 2. The percent changes in cerenl and p'ulse production and
in population between 1965 and 1999 for sclected nations,
developed and undeveloped nationg, and the world.

towards systems of cereal monocultures and away fror
more varied cropping systems and traditional foods
appenrs (o be contributing (o smicroputyient malhutri-
tion by limiting food-crop-diversity [9], This has hud the
unforesees consequences uf reducing available micko-
nutrient supplies 10 the poor formerly dependent on
more diverse cropping systems -which provided more
traditional micropytrient-rich food crops (e.g., pulses,
fruits, and certain vegetables) that are now in low supply
and no longer affordable (o thig sector of society (sce

Fig. 2) [7,10) Nutrition. transitions are also causing
increased rates of chronic diseases (c.g., cancer, heart
diseasc, diubeles, obesity, osteaporosis, etc.) in many
rapidly developing nations where socjeties are switching
from traditional diets to more caloric-rich dicts derived
from adopting developed nation’s food gystema [11,12).

Agricultural tools for better health

There are numerous ways in which modern agricul-
ture can coutribuie to increasing the output of micro-
mitrients in staple food crops (primarily edible sceds and
cercal grains) from [arming systems in’ order to meet
humnan needs (Y], Some examples of these approaches
include: '

¢ Field site selection (eg., identify soil types with
relatively high available levels of Zn and Se).

e Agronomic practices
° Type and rates of macroautrient fertilizers use (i.e.,

N, P, K, Mg, Ca, 8). '

----Affects levels of protein, fats, vitamins, anti-

nutrients, ete..

Micronutrient fertilizers (lype, application méthod

apd ratcs), ' _

---- Effoctive for Zn, Ma, Ni, Se, Cl,.Lj, I.

-.-- Limited effectiveness for Fe, Cu, Mn, B, Cr,
~oand V. o

Diversify cropping systems.

-«=« Legume—cereal rotations.

-=-- Select raicronutrent-dense varieties.

O
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Table 2. Antisutricnts in plant foods that reduce Feund Zn hloavzuldbmty. nnd examples of major dietary sources (rnodified from

Ref. [21))

Antnutrients

Major dietary sources

o ———

Phytic acid or phytia

Certain Aber (¢.g., ocllulose, hemicallulose, lignin,
cutin, suberin, cte.)

Centain (wonins and other polyphenolics
Hemagglutining (s.g., Icchm)

Goitrogens

Heavy metals (e.g.. Cd, Hg, PD, etc.)

Whols legume seeds and cereal graios ) -
Whole ceteal grain products (¢.a., wheat, rice, maize, cat, burley, rye)

Tea, coffee, beans, parghum

Most lepupies and wheat

Brassicas and Allivns

Contsminaicd leafy vegetables and raots

Tahle 3. Examples of substances in foods that promule Fe, Zn and vitamin A biouvuilability and major dictary sources (modlﬁed

from Ref |21])

Substance Nutrient

Mujor dietary aources

- Certain organic acids (e.g., ascorbic Fe and/or Zn
acid, fumarate, malate, atrate)

Hemioglobin Fe

Certain amino acids (¢ g,, methionine, Fc¢ ynd/or Zn
cysteinie, histidine, and lysine) .
Long-chain fatty acids (e g., palmitate) - Zn

Fats and lipids Vitamin A
Selenium ' I

" Iron, zine ' Vitamin A" 77
B-caroteve e, Zn
Meat factor(s) - Fe,Za

Inulin and other non-digeatible Ca, Fe(1), Zn(1)

carbohydrates (prebiatics)

Fresh fruits and vegetables

Animal meaty
Animal meats

Humap breast milk

Aninal fats, vepetable fats,

Sea foods, topical nu(s g.(own m bigh Se’ sous
Animitl meéaty o

Gteen and vrange vegetables

Beef, porl, chicken, Bsh, ete,

Cbicory, garlic, onion, ‘wheut, Jerusalem artichoke

’

---- Increase production of frmts vcgctables, and
cdible Jegume seeds.

Utilize traditional micronutrient-rich indigenous

foad crops.

® Genetically modify food crops to mex'ovc bioavail-

ahle micronutrient content of staple food crops

(e.g., breed for micronutrent *efficicncies and

increased bioavailable levels of micronutsients in

edible portions).

Genstically modify food crops to improve bicavail-

able micronutrient content of stuple food crops by

breeding for increased levcls of promoter sub-

stanves,

Genetically modify food craps to improve bioavail-

able micronutrient content of staple food crops by

breeding for decreased levels' of inhibitnr sub-

stances. '

1=

©

a

For more in-depth discussions of agricultural inter-
ventions for improving buman nvuition refer to the
following references {7,9,13-21]

Several physiological barriets to metal accumulation
in food crops have to be addressed before genctically
modifying plants in ways that will increase (he density of

micronutrient metuls in staple seeds and grains [22]).
Furthenmore, becavse plant f0ods contain substances
(i.e., antinulnents and promotersy; sec Tables 2 and 3)
that influence' the bioavailability’ of these nutrients to
bumans, it is necessary to demonstrate the efficacy of
micronutrient enrichment of plant foods towards
improving the autritional hesith of targeled popula-
tions. This requires Lhal the bioavailability of Fe, Zn,
provitamin A carownoxds and other micronutrients in
select micronutfient-eariched genotypes of staple plant
foods be demanstrated to assure human health impact

before advancing genotypes in breeding programs [21].

. Physiology of micronntrient accumuiati,On

The physiological basis for micronuttent efficiency in
crop phnlb and the processcs controlling the accumula-
tion of micronutrients in edible portions of seeds are not

undexstood with. any certainty {23]. Because of the
‘complexity and vohune of literature available, these

'Bioavailability is defined us lbc amount of a nutient hat s
potentially available for gbsorption fram e men! and once sbsotbed;
utilizobls for metabolic procesaes in the body. | -

005
|
1
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subjects will not be covered in this short review. For an
m-depth discvssion of these topics the reader is referrod
to the following references [21,22,24-27]. These pro-
cesses that detenmine micronutiient concentrations in
edible plant tissues are briefly discussed below.

There are several barriers to overcome in genetically
modifying plants to accumulate more micronutrient
metals (¢.g., Fe and Zn) in edible tissues [22]. These
barsiers are the result of tighty controlled homocostatic
mechanisms that regulate metal absorption, transloca-
tion and redisteibution in plants allowing adequate, but
non-(oxic levels of these nutrients to accumulate in plant
tissues. The first and most important barrier to
micronutricnt absorption resides at the root-soil inter-
face (ie., the rhivasphere). To increase inicronutrient
metal uptake by roots, the available levals of the
micronutrient in the root-soil interface (i.e., the rhizo-
sphere) must he increased to allow for more absorption
by root ¢clls. This could be enhanced by changing root
morphology and by stimulating certsin root-cell pro-
cesscs that modify micronutrient soluhility and move-

ment to ronl surfaces, such as by stimulating the rata of:

root-cell efflux of H™, metal chelating compounds and
inetal reductants, and by increusing root absorptive

surface area such as the nuwnber and extent of fine roots
and root hairs. Second, absorption mechanisms (e.g.,

transporters and ion chanpels), located in the root-cell
plasma mcmbrane, must bs sufficiently active and
specific enough to allow for the accwmulation of
micronutrieat metals once they enter (he apuplasm, of
root cells from the rhizosphere. Third, once taken up by
root cells, the micronuticnts must. be efficiently
translocated to and accumulated in edible plant organs.
For seeds and grains, phlocm sap Joading, translocation
and unloading rates within reproductive orguns are
important characteristics that tust be considered in
increasing inicronutrient matal accumulation in edible

portions of seeds and grains [26). Finally, to be effective, -

the micronutrient nietal species accumulated in edible
portions must be bicavailable to people that cat the
sccds ju a meal (9,26,28). Unfortunately, current knawl-
edge of all of these processes is very limited for most
micronutrient metals and much more basic research is
nccded before we can efficiently geneticully modify food
crops to accumulate more bicavailable forms of micro-
nutrients in seeds and grains through modemn genctic
engineering techaiques.

Breeding for micronutrient-enriched staple food

crops: the CGIAR HarvestPlus Program

Recently, the genetic potential for increasing the

concentrations of bioavailable Fe, Zn, and provitamin A |

carotenoids (as well as Se and I) in edible portions of

several staple food crops (iucluding rice, wheat, maize,
beans and cassava) bas been revicwed [21). Developing
micronutrient enriched staple plant foods, ejther
through traditional . plant breeding methods or via
molecular biological technigques, is 8 powerful intervon-
tion tool that targets the most vulnerable people
(resource-poor women, infants and children; [8,29)).
These Lools should be fully cxploited by the nvtrition
and public health communities to combat micronutrient
malnutrition [21]. Biofortifying these crops (i.e., “bio-
fortification™ is a word coined to tefer to increasing the
bioavailable mieronutrient comtent of food crops
through genetic selection via plant breeding) that feed
the world’s poor can significantly Lnprove the amount
of these nutrients consumed by these targct populations
[17]. Furthermore, il is a sustainable intervention unlike
truditional interventions that depend on supplements-
tion and fortification programs that have not proved to
be sustainable in. many developing nations (18,30).
Additionally, increasing the micronutrient meluls stored
in seeds and grains uf staple food ¢rops increascs crop

‘productivity when these seeds are own to micronu-

trient-poor soils [23). Much of the devcloping world has
significant areas of such soils [31]. Enhancing seeds with

_micronutrient metals will act as an incentive to farmors
cultivating micronutrient-poor soils Lo adopt the micro-

nutrient enriched seeds for use on their Farms [21].
Breeding criterin

Certain criteria must be met belore new lines of
nicronutrient-criched staple food crops are distriboted
globally to national agricultura! research programa.
Meeting (hese conditions will assure that targeted people
at nsk of developing microputrient malnutdtion will
benefit from such action. These criteria include:

¢ Crop productivity (i.e., yield) must be maintained or
increased to guarantee widespread farmer acceptance

o The micronuitient enrichment levels achieved must
have sigoificun| impact on human health,

¢ The micronutricnt cnrichment traits must be relatively
stable across the targeted edaphic cnvironments and
climatic zoncs. | N

s’ Ultimately, the bioavailability of micronutrients in
enriched lines must be tested in hurnans (o assure that
they improve the micronutrient status of people
preparing and eating them in traditional ways within

. normal Kouschold environments. : _

o Consumer- acoeptance must be tested (taste and
cooking quality must be acceptable to houschold
members) to assure maximum impact on nutritional
health. :

Meeting these conditious will require a new way of

thinking and performing research by most agriculturalists, _

@oos
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a holistic food systems viewiof agricultural production.
It will necessitatc that researchers cooperute with
various specinlists in disciplines not normally associated
with agricultural rescarch, including nutritionists, public
health officials, sociologists, political scientists, food
technologists and cconomists to assure that their efforty
will have meaningfol impact on human nulrioa and
health [8]. '

The question of yiclds

The effects of biofortifyjng staple plant foods with
micronutrients on crop productivity have been ad-
dressed in 2 number of recerit reviews [24,32-34], Briefly,
increasing the micronutriest stores in sceds results in
more seedling vigor and vidbility enhancing the perfor-
mance of scedlings when! the seeds are planted in
microgutricnt-poor soils. This improved seedling vigor
is associated with the production of more and longer
roofs under micronuttent-deficient conditions, ullowing
seedlings 10 scavenge wore soil volume for micronu-
trienty and water early in growth, an advantage that can
lead to improved yields compared to seeda with low
microhutrient storcs grown, on. the same soils, For
cxample, Fig. 3 shows the effects of seed micronutrient
entichment on grain yieldsiof wheat grown on farms in
Bangladesh (unpublished idota from John Duxbury,
Department of Crop and! Soil Sciences, Cornell Uni-
versily. 2000). In this experiment mi¢ronutnient-enriched
grains were sowp to farmers'iclds having low micro-

S - : !
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Fig. 3. Effsctg of mictonutrignt enrichment of wheat grain on
grain yields from nine farms in threc distzicts of Bangludesh.
The enriched aod codteol gruing were produccd oa an
experimenial farm, The enriched grains were produced from
foliur opplications of micronutrient to mother plants during
their 1eproductive prowth stage. Asisrisks indicate signifiviut
difference from contro) and|farmurs' grain (unpublished dara
from Dr. Johm Duxbury;; Department of Crop aod Seil
Scicnees, Cornell University, 2000),

nutrient stores in (hree districts in Bangladesh. Seven
out of the nine farms had sigaificant in¢reases in wheat
graip yicld when produced from micronutrient-enrched
grain compared to a control of famers’ grai not so
curiched. These duly clearly show thc advantage of
using biofortified wheat grain on wheat productivity in
thuge regions of Bangladesh.

-Many of those countries where micronutrient defi-
ciencies in humans are a problem are also the countries
that have Jarge areas of iicronutrient-poor/deficient

soils (31). Thus, tnproving seed vigor with respeet to .

micronutrient stores should be very beneficial to
agricultural production in these countries. Additionally,
disease resistance and stress tolerance are improved in
seedlings grown from micronutrient-dense seeds that
would also aid agricultural production in targer
countriey [26]. Thus, selecting for thesé trails in staple
food crops is a “win-win” opportunity. It has potcntial
to enhance crop yields without additional farsser inputs
and to improve theiv nutritional quility simultaneously.

The genetic potential

During the past decadc scientisly ‘ut several Con-

sultative Group 'on Internativaal Agricultural Research: -

(CGIAR) Centers, including the International Rice
Rescurch Institute (IRRI), the Centro Internacional de
Mejoramicate de Maiz y Trigo (CIMMY 7)), thc Centro
Internacional de Agnculiwa Tropical (CIAT) and the
International Institute of Tropical Agriculture (IITA),
have been collecting data on the potential for breeding
to significantly increase the levels of bioavailable Fe, Zn,
and provitamin A carotenocids in edible portions of rice,

‘wheat, maize, beans and cassava [17,21,24,32-34].. These

findings show that substantial genetic diversity exists
within the genomes of these major staples. that could be
used in breeding programs to signiticantly improve the
density of Fe, Zn und provitamin A carotenoids in the
major staples that feed the world,

The importance of bioavailability

As previously mentioned, determining the total amount
of a micronutrient in 2 plunt food is not vnough to predict
the impact of the food on meeting haman micronutricat
rcquirements, One must also kmow the bioavailable
amount of the-picronutrient in a plant food us vaten in
8 comunon diet to be-dble to determing nutritional impuct.

Determining the bioaviilability of micronutrients in
plant foods to humans is pervaded with numerous

" complexitics: (see Fig. 4). Numerous factors interact (o

determine the ultimate bigavailability of ¢ particular
nucronvttient to an individval cating a mixed diet within
a pivén environynent. Because of this complexily, (he
datx obtained using various bioavailability model systems

|
1
|
|
|
|
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Genetlc Sclectivn &
Production Practices

Indr.iduals Characietistics

Processing & Preparation

Wig. 4. A mode! of [he complexities of puttient bioavailabifity
in hurnans [21] :

are aIways ambiguous [35,36). Only data from feeding
Ligls f0 micronutrient-deficient test populations under

free living conditions can delieatd the effectivéness of

using micronutrient-enriched varieties of plant foods as
an intervention tool. Unfortupately, il is irupractical to
test in rhis way the bivavailability of selected micronu-
trients in numerous gonotypes of staple plant foods that
can be generated in plant breeding programs [24).
Therefore, one must use a bloavaxlabnf”ty mode! to screen
large numbers of promising lines of micronutrient.
enriched genotypes identified in such breeding programs
hefore advancing them within these programs.

Current breeding cfforiy Lo scueen large numbers of

promising wicronutrient-dense lines of staple plant

foods (rice, maize, whedt, beans and cassava) at scveral -

CGIAR Centers (IRR, CIMMYT CIAT, and IITA)
for bioavailable Fe relies on an in vitrq Caco-2 cell
madel [37). ‘The bioavailability of Zn in promising staple

food crops lines is not currently bcmg perforned using

Caco-2 cells. Howeycr, progress is being made at

adopting this model to determine Zn bioavajlability -

from plant foods using cell metallothionein levels as &
proxy for Zn absorption. Ncvertheless, it is reasonable
to assume that the data obtained: for Fe bioavailability
will alio reflect bioavailuble Zn levels in promising
genotypes because most of the plant food factors that
inhibit or promote Fe bigavailability also inhibit or
promote Zn bioavailability [38,39].

Dietary micronutrient inhibitors and enhancers

Plant foods (especially seedst and grains) contain
various antinutrients (see Table 2).in amounts depend-

ing on both genctic and cnvironmental factors that can
reduce the bioavailability of dietary non-heme Fe, 7n
and other nuirients to humans (40). ' Some dietary
substunces that promote the biouvalability of Fe and
Zn in the prevence of antinutrients are alyo known (see

- Tuble 3). Their levels arc also influenced by both genetic

and covironmenta! factors, "Current plant molecular
biological and genctic modification apptoaches now
make it possible 10 reduce or climinate antinutrients
from staple plant foods, or 1o significantly inercase the
levels of ptomoter substances in these foads {9.41),
Given (hese options (i.c., to decrease wnlinutdents or
merease promoters in staple plant foods), which is the
wisest path to pursue?

Plant breeders could breed for gcnotypeﬁ that contain
lower concentrations of antinuirients or molecular
biofogists could alter plant genes in ways that reduce
or even eliminare antinutrients from staple food crops.
However, doing so is not without risk and should be
done with caution because muny antiputrients are major
plant metabolites that may play important roles in plant
mcmbo]xsm, in plaut stress resistance and: in plant
resistance 10 crop pests or pathogens, Additionally,
some of the unlmuments, such as phytate and poly-
phenols, may have irnportant bengficial roles in human
diets by ucting as anticarcinogens or by promoting
health in other ways such as in decreasing the risk of
beart disease or diabetes [42-44). Thus, plant breeders
und molecular biologists should be aware of the possible
negative cousequences of changing .antinutdents in
major plant foods before they attempt to alter food
crops in this fashion [24).

Many promoler substances (Table 3) are normal plant
wetabolites and even smull changes in their concen(ris
tion may have significant effects on the bioavailability of
micronutriciits from staple plant foods |45). Further-
more, increaging the levels of promoter substancas in
staple plant foods may also enhance the bioavuilable
levels of micronutrients [rom oihec dietary food sources

. lhat also contain antinutrients.” Therefore, it is highly

recommended thut plant breeders and molecular biolo-
pists closely scrutinize the strategy of increasing
promoter substances in'food crops when attempting to
improve food crops as sources of rmcronutncnts for
people [21].

Importance of diet composition

The bioavailability of microputrients in pian& foods

. can be greatly affected by the composition ‘of the diet

eaten [35,46,47). 'Various food processing lechnigues,

.meal componeats and meal preparation techniques can

modify plaut foods in ways that either promote or

. reduce thé amount of bioavailable micronutricnts in

these foods [48]. For example cating some anisnal
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protein (c.g., beef, fish, porl, poultry) with plant foods
high'in antinutrients, such ar phytic acid, can ameliorate
the negative effocts of the antinuteients on Fe and Zn
bioavailability [49-~51]. The mechanisms responsible for
this are still a mystery as is the actual identity of the
“meat factors” although the silfur-containing amino
ucid, cysteine, has been implicated in the pust, and
recently, meat-derived glucosamine glycans have been
suggested to be involved iv promoting Fe bioavailabitity

from plant foods (personmal communpication from

Dr. Ray Glahn, USDA-ARS, US Plast, Soil and
Nulntion Laboratory, Ithaca, NY). Additionally, food
preparation technigues can be used (o reduce the level of
anlinutrients such as phytare in staple plant food meals
such 'as seed perminaton: and fermentamon before
consimption [52].

Much meore rescarch is needed before we fully
understand the complex factors affecting micronutrient
bioavailabilily in common diets ¢aten by target popula-
tions. Such research should’ be given a high piority by
funding organizations Such knowledge is prently
needed if we arc to efficienily improve the micronutrient
status of afflicted people globally.

Conclusions

There ars ample compelling global human health and
nutritional reasons to elicit!thg agricultural community
to pursue improving the micronutvient nutsitional
quality of staple food crops as a primiry objective in
their work turgeted for therdeveloping world. Further-
more," accomplishing this -goal would improve crop
productivity when micronutricnt-dense seeds and grains
are planted to micronutrient-poor soils, thus assuring
farmer adoption of the micronulrient-enriched seeds
once they are developed. - Curtent evidence strongly

supports the contention Lhul there is enough genetic

diversity within the genomes of siaple food crops to
accomplish this task. Succceding in linling agricultore
to human health issues would dramatically contribute to
improving the health, livelihood, and felicity of numer-
ous resource-poor, micronutrieni.deficient people in
many developing countries, and would contribuic
greatly to sustainiong natiomal developpient efforts in
these countries, Importantly, finding sustainyble solu-
tiods fo micronutricnt malnutsition will not be forth-
coming in the forvsezable futurc if we do not start to
adopt agncullurally based tools to attack this importunt
global ctisig in human health and well being.
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