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Food security

“Sufficient, safe and nutritious food to meet dietary needs
and food preferences for an active and healthy life for all”
(www.fao.org)

Hungry (2006):
872.9m energy-malnourished <1825 kcal d-
13.4% globally*

“Hidden hungry” (i.e. higher risk of physiological disorders):
Vitamins and minerals, e.g.
~50% Fe
~30% Zn
+ Se, Ca, Mq, |, Cu...

*Minimum daily energy requirement (MDER) assuming light work; FAO, 2006: http://faostat.fac.org/




Biofortification of food crops

The process of increasing the bioavailable nutritional
content of the edible portion of crop through:

breeding (genetic biofortification)

agronomy (agronomic biofortification)
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Biofortification of food crops

1eaping the benetits R

AR
of global agriculture
October 2009 Oct. 2009

“The preferred strategy to
eliminate hidden hunger... [is to]
increase the diversity of diet with
increased access to fruit and
vegetables...

where the lack of infrastructure or
other factors prevents [this],
biofortified varieties may provide a
good short-term solution”

THE ROYAL SOCIETY




Biofortification of food crops
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Biofortification of Foods

Overview

Undernutrition is a significant global health
burden.

Biofortification uses selective breeding
and/or genetic modification to increase the

http://www.parliament.uk/documents/post/postpn367 biofortification.pdf




Mineral biofortification of food crops

Evidence of widespread mineral deficiencies in all countries

Dietary surveys (vs recommended intakes)

Tissue analysis (e.g. blood plasma, toenails etc.)



UK Dietary Reference Value (DRV) framework
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UK Dietary Reference Value (DRV) framework
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US Dietary Reference Intake (DRI) framework
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FIGURE S-1 Dietary reference intakes. This figure shows that the Estimated Aver-
age Requirement (EAR) is the intake at which the risk of inadequacy 1s 0.5 (H0%)
to an individual. The Recommended Dietary Allowance (RDA) is the intake at
which the risk of inadequacy is very small—only 0.02 to 0,03 (2 to 3%). The Ade-
quate Intake (Al) does not bear a consistent relationship to the EAR or the RDA
because it is set without being able to estimate the average requirement. It is
assumed that the Al is at or above the RDA it one could be calculated. At intakes
between the RDA and the Tolerable Upper Intake Level (UL), the risks of inade-
quacy and of excess are both close to 0. Atintakes above the UL, the risk of adverse
elfect may increase.

Standing Committee on the Scientific Evaluation of Dietary Reference Intakes, Food & Nutrition Board, Institute of Medicine (1997). Dietary
reference intakes for calcium, phosphorus, magnesium, vitamin D, and fluoride. Washington DC: USA, NATIONAL ACADEMY PRESS. P. 24.



Compare DRV/DRIs with UK & US dietary intake surveys
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Ca intake
(survey)
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(O US

Broadley MR, White PJ. (2010)
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Mg intake
(survey)
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Broadley MR, White PJ. (2010)
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K intake
(survey)
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Broadley MR, White PJ. (2010)
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Suboptimal mineral intake is widespread

AN
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Ca-deficient: 25.5m UK & US adults (esp. US women) =8.8%
Mg-deficient: 25.5m UK & US adults (esp. women) = 8.8%
K-deficient: 40.2m UK & US adults (esp. women) =14.6%

Broadley MR, White PJ. (2010). Eats roots and leaves. Can edible horticultural crops address dietary
calcium, magnesium and potassium deficiencies? Proceedings of the Nutrition Society, 69, 601-612.



Mineral deficiencies are widespread

Table 2. UK and US adults at risk of sub-optimal Ca, Mg and
K intake based on distary surveys'™ Y
o A\

Imakes <UK LEBNI Infpkas < UK BMI
% = 105 % = 108
Ca
LK females 5 12 40 46
UK males 2 o5 18 43
LS females 18 187 63 Figrd
US males 3 41 28 331
Total 254 122-8
Mg
UK females 13 31 72 173
UK males 9 2.2 50 12-0
US females 12 140 Fi: 906
US males g &0 ag 463
Total 253 168-2
b
LK fernales 19 46 as 20468
UK males (] 1-4 RH 13-9
LS females a7 3240 a8 1148
US males 3 34 58 &40
Total 41:4 2182

RHI, refarence nutrant intabe; LRMI, bavar RKL
*Azzuming 48 and 240 millon UK and LS adults, res ahy, 50:50
males famalsa,



Mineral deficiencies are widespread... why?

UK/ US not energy restricted (trade and production)

US = 1st (3830 kcal d-)
UK = 16t (3440 kcal d-)

UK/ US diets “diverse” in theory (non-starchy foods)

...but UK mean (median) fruit + veg. portions d-

0 =2.9(2.4)
4 =27 (2.2)

http://faostat.fao.orqg/




Dietary sources of minerals

Calcium intake (UK)

¥ o)

cereals**

milk and dairy **N.B. UK legislation requires processed wheat flour to be fortified with Ca and Fe, and
the “B vitamins” thiamin and nicotinic acid (“Statutory Instrument 1998 No. 141, The
meat Bread and Flour Regulations 1998”; http://www.opsi.gov.uk/si/si1998/19980141.htm).
Processed flour must contain Ca within the range 235-390 mg 100 g flour; exceptions for
wholemeal flour, self-raising flour with Ca >200 mg 100 g-!, wheat malt flour

fish

Broadley MR, White PJ. (2010)




Dietary sources of minerals

Calcium intake (UK)

¥ o)

cereals

milk and dairy - vegetables (excl. potatoes)

meat

fish

Broadley MR, White PJ. (2010)




Dietary sources of minerals

Calcium intake (UK)

¥ o)

- cereals

fish

Broadley MR, White PJ. (2010)




Dietary sources of minerals

Calcium intake (UK)

¥ o)

- cereals

- milk and dairy - vegetables (excl. potatoes)

- meat - potatoes

fish fruit and nuts

Broadley MR, White PJ. (2010)




Dietary sources of minerals

Potassium intake (UK)

¥ o)

- cereals

- milk and dairy - vegetables (excl. potatoes)

- meat - potatoes

fish fruit and nuts

Broadley MR, White PJ. (2010)




Dietary sources of minerals

Potassium intake (UK)

¥ o)

- cereals

- milk and dairy - vegetables (excl. potatoes)

- meat - potatoes

fish fruit and nuts

Broadley MR, White PJ. (2010)




Dietary sources of minerals

Potassium intake (UK)

¥ o)

- cereals

- vegetables (excl. potatoes)

- potatoes

fish fruit and nuts

Broadley MR, White PJ. (2010)




Dietary sources of minerals

Magnesium intake (UK)

¥ o)

- cereals

- milk and dairy - vegetables (excl. potatoes)

- meat - potatoes

fish fruit and nuts

Broadley MR, White PJ. (2010)




Dietary sources of minerals

Magnesium intake (UK)

¥ o)

- cereals

- vegetables (excl. potatoes)

- potatoes

fish fruit and nuts

Broadley MR, White PJ. (2010)




Dietary sources of minerals

Magnesium intake (UK)

¥

o)

- cereals

- milk and dairy - vegetables (excl. potatoes)

- meat - potatoes

fish fruit and nuts

Broadley MR, White PJ. (2010)




Dietary sources of minerals

Magnesium intake (UK)

¥ o)

- cereals

- milk and dairy - vegetables (excl. potatoes)

- meat - potatoes beer and lager

fish fruit and nuts

Broadley MR, White PJ. (2010)




Simulate altered food consumption and composition
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Cumulative probability
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Impact of horticultural consumption / biofortification

N L7
NI +2 veg. +50% biofort. both

Calcium 0.5m 0.3m 1.0m (60%)
Magnesium 1.4m 2.0m 4.0m (75%)

Potassium 3.0m 4.1m 4.2m (70%)

Proceedings of the Nutrition Society (20010), 69, 601-612 dod: 10, 1017/S0029665 1 10001588
© The Authors 2010 First published online 28 May 2010

The Winter meeting of the Nutrition Soctety supported by the Society for Experimental Biology and the British Soctety of Animal Science
was held ai the University of Reading on 15 December 2008

Symposium on ‘Food supply and quality in a climate-changed world’

Eats roots and leaves. Can edible horticultural crops address dietary
calcium, magnesium and potassium deficiencies?

Martin R. Brtmd]eyix and Philip J. White™
'School af Biosciences, University of Nottingham, Sutton Boningron, Loughborough LEI2 3RD, UK
*Scotish Crop Research Institute, Invergowrie, Dundee DD2 5DA, UK



Biofortifying Brassica with Ca and Mg (2009-2013)
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Candidate genes
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Candidate genes

Overexpression of modified CAX1 (sCAX1) increases bioavailable Ca in:

100% increase in Ca
25-32% increase in Ca
>20% increase in Ca
>100% increase in Ca
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Ca Concentration

Candidate genes

35SVC 35SCAX CDCCAX

Carrot

Park et al. (2004). Molecular Breeding, 14: 275-282.
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Brassica is a good breeding target for Ca and Mg

Standardised shoot-Ca
((x-mean)/std. dev.)
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Broadley MR et al. 2008. Plant Physiology, 146, 1707-1720



Brassica is a good breeding target for Ca and Mg

Brassica rapa rapid-cycling, selfs easily, sequenced, current major focus for

GxE work and novel gene identification:

Brassica rapa, R-0-18, staged sowing

7 11 16 19 23 27 31 36 39 43 47 51 55

Days after sowing (composite image)
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G

F, hybrids in field vs glasshouse experiments (2002-2007)...

T T 1 '0 %’ T T T
Mg (%DW), R=0.65

- pae———

Glasshouse experiment

0.4 0.5
Field experiment Field experiment

...indicates strong genetic component to leaf/shoot Ca and Mg

Broadley MR et al. 2008. Plant Physiology, 146, 1707-1720.
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Targets regulating leaf Ca and Mg concentration (eQTL)
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Selenium

Essential for animals, not plants

25 mammalian selenoproteins

Many identified roles in health




> Requirements, up to toxic effects

Adequacy/ optimal

Deficiency

Serum/
plasma
selenium
(ng/ml)

>3200-

/\ 7500

>490-
<640

>250

180

\/ 160

140

120

100
80
60
40
20

4l

Fairweather-Tait et al. (2011). Antiox. Redox Signal. 14, 1337-83

>3200-7500 ng/ml toxicity - death/mortality

Selenium related side-effects; no serious toxicity

Selenium related side-effects; hairloss, dermatitis

Protection against some cancers;[increased risk of diabetes, high blood
pressure and hypertension]

Protection againstsome cancers; reduction in total mortality

Optimisation of selenoprotein P, protection against some cancers, reduction in
total mortality

Optimisation of glutathione peroxidase

Optimisation of iodothyronine deiodinases

< 20-40 ng/ml Se deficiency diseases, Keshan, Kashin-Beck, cretinism (with
iodine deficiency)

References

Yang etal 1983, Lech et al
2002

Reid etal 2004

Lippman etal 2009

Yuet al 1999, [Bleys et al
2007, Laclaustraetal 2009]

Nomura et al 2000, Combs et
al 2001, Bleys etal 2008, Yu
etal 1999, [Vogtetal 2003]

Combs etal 2001, Burk 2006,
Hurst2010, Thompson 2004,
Bleys etal 2008

Thompson 2004

Thompson 2004

Thompson 2004; Shi et al
2010




Selenium recommended intakes

18 -
16
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12

Frequency
o
|

20-29 30-39 4049 50-59 60-69 70-79 B80-89 9099 100- 111- 120-
110 120 129

Selenium recommendation (ug/day, RDA equivalent values)
SJ Fairweather-Tait et al. (2011). Current diversity in Se recommendations. Compiled using the

EURRECA Nutri-RecQuest database. Where recommendations are given as ranges the midpoint has
been used. Males (M) and females (F) are shaded as dark grey or light grey bars respectively.



Selenium actual intakes

O RNI &

Finland
Switzerland
Netherlands

Belgium
Denmark
Slovakia
Sweden
France
Germany
UK
Poland

10 20 30 40 50 60 70

Selenium intake (ug d-1)

Rayman MP 2000. The Lancet, 356, 233-241.




Wheat-grain Se (UK)
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Figure 1. Distribution of selenium in bread-making wheat grain varieties

collected from representative sites throughout the UK dur
(n=180), 1992 (n=187) and 1998 (n=85).

Adams ML et al. (2002). Journal of the Science of Food and Agriculture, 82, 1160-1165.

ing 1982

Canada = 0.760 mg kg



Low dietary Se intakes in UK
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Low baseline selenium in UK soils
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Broadley MR et al., 2006. Proceedings of the Nutrition Society, 65, 169-181.



Biofortification experiments, UK (2005-2009)
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Biofortification experiments, UK (2005-2009)
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Biofortification experiments, UK (2005-2009)
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Health outcomes...? (feeding studies UK, 2005-2009)
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Biofortification-related work, Malawi, Zambia (2008-...)
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Biofortification-related work, Malawi, Zambia (2008-...)
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Low plasma Se status in Malawi
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Yield security in Malawi
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Yield security in Malawi
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Yield security in Malawi

>50% of Malawian calorie intake from maize (0.35 kg person-! d-1)
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Dietary energy availability in Malawi

FAO, 2011 (2007)

I 2,172 kcal person! d-

maize

potato - other pulses plantain - beans
cassava - groundnut oil - wheat - banana
raw sugar veg. oil - rice - other fruit




The agricultural
regions of Malawi
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Total soil Se
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Population density

Population

I 500,001 - 1,900,000
I 250,001 - 500,000
100,001 - 250,000
< 100,000

Soil type (FAO)

> Acrisols

| Alisols
Arenosols
Cambisols
Gleysols
Ferralsols
Fluvisols

W Leptosols
Lixisols
Luvisols

0 Planosols
Regosols

Bl Vertisols

% 0 50 100 150 200

— o c—
km

Chilimba ADC et al. unpublished
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Se intake from maize sources:

50% of population <6.0 pg d-
75% <7.0 pg d-
90% <7.5 ug d-

Se intake from non-maize sources:
15-22 ug d-

Se deficiency is the norm, based
on intake...

Chilimba ADC et al. unpublished
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Phase I: fertilizer experiments




Phase I: fertilizer experiments
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Maize-grain Se (2009)
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Phase |: preliminary conclusions

0.015 mg Se kg grain. g’ Se ha' [~9 g ha'' for 55 ug d]

200 kg ha! fertilizer basal dressing typical [e.g. 23:10:5:5 NPKS]

Existing products would deliver 10 / 2.2 g Se ha! at typical N rates
[23:10:5:5:0.005S¢€]
[25:5:5:0.0012S¢€]

200,000 t fertiliser Se-enriched at USD $30 t' (??) = $6m annum-"
[<50¢ capita’]



Selenium actual intakes
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Phase lll: data integration
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Summary

Billions are malnourished due to mineral supply limitations
Biogeochemical cycles, agriculture, dietary choice underpin supply

Much more data collection / integration required
- soils-crops-people-health outcomes

Nutritionally-informed agriculture: mineral intervention when required
- engagement // fertilizer and breeding sectors
- awareness of likely market failure
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