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Improving Nutritional Quality and
Limiting Risk from Toxic Trace Elements
in Crops by Genetic and Agronomic
Biofortification



Borlaug (1994):

future - “We believe without doubt that the single
most important factor limifing crop yields in

developing nations worldwide - and especially
among resource poor farmers - 15 sodl infertility.”
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Yield gap at various levels in relation to production

factors
100
Yield Yield gap 1
- potential IPf (20 %)
| avarety for :
- 5 nety Economic | Yield gap 2
=2 given :
= 60 dimate yield target (20 %)
2 Yield Yield gap 3
> reduced (20 %)
= 40— because of
= autrient Yield reduced
o” imbalance because
20— of less nutrients
and poor
0 management
Ymax Ytarget Ya Y

Source: Fairhurst and Witt, 2002.
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Zn deficiency: A review. Research Journal of life sciences, Bioinformatics Pharmaceutical and chemical
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According to a WHO report on the risk factors responsible for development of illnesses and
diseases, Zn deficiency ranks 11th among the 20 most important factors in the world and
5th among the 10 most important factors in developing countries.

Risk factors Ratio (%)
Underweight 14.9
Unsafe sex 10.2
Unsafe water 5.5
Indoor smoke 3.7
Zinc deficiency 3.2
[ron deficiency 3.1
Vitamin A deficiency 3.0
Blood pressure 2.5
Tobacco 2.0
Cholesterol 1.9

Cakmak, 1., 2008. Enrichment of cereal grains with zinc: agronomic or genetic
biofortification?. Plant and soil, 302(1), pp.1-17.
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Cakmak, 1., Kalayci, M., Kaya, Y., Torun, A.A., Aydin, N., Wang, Y., Arisoy, Z., Erdem,
H.A.M.I.D.E., Yazici, A., Gokmen, O. and Ozturk, L., 2010. Biofortification and localization @
of zinc in wheat grain. Journal of Agricultural and Food Chemistry, 58(16), pp.9092-9102. A
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Cakmak, 1., Kalayci, M., Kaya, Y., Torun, A.A., Aydin, N., Wang, Y., Arisoy, Z., Erdem, H.A.M.I.D.E., Yazici,
A., Gokmen, O. and Ozturk, L., 2010. Biofortification and localization of zinc in wheat grain. Journal of

Agricultural and Food Chemistry, 58(16), pp.9092-9102.
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Mutritional Unit White wheat Whole grain Brown Dats"™ Buck- Whole Wild White rice,
Value flowr, - wheat flour'™ rice" wheat'* grain rice” : umenriched™
{fro0 g raw) unenriched"™ : barley'* :

Energy kcal 7h 340 357 38g I35 I3 357 755
Frateimn g 103 13.2 B3 169 111 11 147 7.1
Total fat 0 1 25 2h b 2 21 1.1 L=
Carbolrydrates | 755" 515" 755 o G55 G008 =il i
Fibre a 27 10,7 5 106 5B 148 62 1%
Calcium mg 15 T4 12 o4 18 &0 1 =8
Iron g 1z 26 13 47 3.8 & 2 o8
Magnesium mg 2z 137 157 177 180 =31 177 25
Phosphanus mg 108 357 300 523 320 380 433 115
Potassium mg 107 {1 250 A9 A5 4 A27 11
Sodium mg 2 E 4.5 2 i 5 7 =
Zine g a7 25 o8 4 25 %3 = 1.1
Thiamin (Be) mg 0l 0.5 % o8 0.4 0% 0.1 0.0
Riboflavin {Ez) mg 004 az 0.0F oL ol ol a3 D05
Miacin (Ez) mg 1.3 5 o3 1 3.5 n'a B.7 16
Wit. BS mg 004 o4 % o1 0.4 B o4 0.2
Folate DOFE 26 A4 439 56 40 50 a5 &

ComMmisioN E. Health Promotion and Disease Prevention (Whole grain), 2017




CARDIOVASCULAR

Table 5. Heaith effects reloted to whole grain intake as descrbed by food ond health-reloted organisalions.

For health effects related to intake of fbre specifically, refer to Duetory Fibre in this series.

Type Source Year Statement/opinion
- Intake of whde graim cereals is probably associated with decreased risk
@ FACKWHO el of cardiovascular disease
E SACNE o There is maderate evidence that there is an imverse relationship between higher
E consumption of whole grains and cardiovascular disease
=F
ﬁ NNRE I— There |5 maoderate evidence that whole grains are associated with protection against
% cardiovascular disease.
g DGAM . + “Horme evidence indicates that whole grain intake may be associated with reduced risk
5 of cardiovascular disease”
£ DGED I There is probable evidence regarding primary prevention of CHD by increasing
E @ the consumption of whole-grain products.’
g 3 _
& :
E & 2,?:::1 : . +  There is reason to believe that dietary fibre from whiale-graim cereal products and fruit
E Netherlands®® is particularly effective in reducing the risk of coronary heart diseass.

15 Podevarsinstitutetr, DMLY (poof), Wiadpnais, DaTaiion amd s
eredifhe ackprawnd for recowemerdarionr of sabale grade iafake,

1. SMF [Swedish Mumtion Foundation), Health claims in the la-
belling and marketing of foed products, Somd [ Food Madr {2007
Marl, sul1)a7-1z6.

17. BMEL Deutsches Lebensmittelbuck (1993), Leftuitee fir Srar
wad Klermetndcl.

1, Proc MNatr Soc (2009 Feb), dzip:vbi-o,

r, FDA (2ooa), Healtt Cliron Nedgicateons for Whale Grarn Foods,
2o, WHO (zaag), Flealiky et facd sbeel, Mo, 5a4.

2u, Joant FACVYWTHO Scientific update on carboliydrates in human

naCrEicn

2z, Soienmific Advisory Commimes on Mutnitien = Fublic Health
England (zaagh, £ACN Canladravates and bealldh repar.

2. MNordle Nadritton Secomaendiabions, sth ed. {2z

24. LL5. Department of Health and Human Sernces and 115, De-
partment af Agriculture, 20rp-2000 Dinkery Gadatves for Americars,
25 Evidence-Based Guadeline of the German Mutntton Society:
Catbohydrate Intake and Prevenbon of Mutntion-Relabed Daseases,
A Maetr Metak (2onz), Sofsappla)za-8.

a6, Health coungal of the Methedands (zeo6), Gurdalmes for a demlthy
e,

ComMmisioN E. Health Promotion and Disease Prevention (Whole grain), 2017



Classification of genotypes based on STI, and grain Zn and Fe
concentrations using cluster analysis
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Group 1 Group 2 Group 3 Group 4

Karaj-1 (1), Azadi (2), Ghods (3), Niknejad (4), Marvdasht (5), Pishtaz (6), Shiraz (7), M-79-7 (8), Inia (9),
Moghan-2 (10), Arvand (11), Chenab (12), Bayat (13), Falat (14), Hirmand (15), Chamran (16), Star (17), Vee-
Nac (18), Dez (19), Roshan Spring Back Cross (20), Maroom (21), Kavir (22), Line-4 Salinity (23), Line-6
Salinity (24), Line-9 Salinity (25), Roshan (26), Tabasi (27), Sholeh (28), Sorkhtokhm (29) and Adl (30).







