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Feeding the world healthier wheat
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Mineral
Nutrition

• 20% of calories consumed 
worldwide (Shewry and Hey, 2015)

• 20% of protein consumed (Tilman et al., 2011)
• Current: Breeding efforts ↑ protein while maintaining 

grain yield

• Wheat and wheat-based products provide most of 
the fiber in US diet

• Current: Resistant starch and water extractable AX

• Wheat can address worldwide micronutrient 
malnutrition risk

• Current: Zinc biofortification projects



Feeding the world healthier wheat
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• CGF Phase 2: Target additional grain 
fibers

• Improve gut and cardiac health while 
optimizing gut microbiome

• Combine high fiber wheat with 
micronutrient biofortification efforts

• Reduce “hidden hunger” for multiple 
micronutrients via current diet



Wheat Fiber 2.0- additional AX fibers

• Tot-AX= WE-AX + WU-AX
• WU-AX is an insoluble dietary fiber

• Improved gut motility and function
• Adsorption of undesirable materials

• Increased Tot-AX identified in KS elite 
breeding line via CGF research

• High yielding, variety release candidate
• Complementary DF profile could be 

stacked with WE-AX profile
• QTL identification proposed in recent 

USDA-NIFA grant submission to 
facilitate rapid, marker-assisted breeding



Wheat Fiber 2.0: β-glucan

• β-glucan consumption reduces 
cholesterol and glycemic index

• Whole grain barley & oat products 
carry heart healthy labels (FDA 
1997, 2005)

• Wheat contains comparatively low 
levels of β-glucan

• Only 6% of wheat grain dietary fibers
• Primarily found in aleurone layer

Species β-glucan content 
Bread wheat 0.4-0.9%
Durum wheat 0.39-0.7%
Triticum wild species 0.41-1.33%
Aegilops species 1.04-7.12%

• β-glucan consumption reduces 
cholesterol and glycemic index

• Whole grain barley & oat products 
carry heart healthy labels (FDA 
1997, 2005)

• Wheat contains comparatively low 
levels of β-glucan

• Only 6% of wheat grain dietary fibers
• Primarily found in aleurone layer

• QTLs associated with β-glucan 
level could be stacked with AX 
QTLs



Where can additional fiber improvements 
take us?

25%↓ 
fiber gap

50% ↓ 
fiber gap

 “fiber gap”



Breeding wheat for more micronutrients

• We can breed high Zn, high Fe 
wheat varieties.

• Other minerals such as Se and 
Cu should be targeted.

• Wheat wild relatives are key 
sources for increased mineral 
nutrition.

• Micronutrient biofortification + 
increased fiber = wheat as a super 
food!

Bhatta et al., 2018 Int. J. Mol. Sci 19(10), 
3237

Liu et al., 2021. Env Sci and Pollution Res. 28, 
15043



Preventing anti-nutritive minerals
• Itai-itai disease/ kidney dysfunction
• Cancer
• Absorption increased in women 

with decreased Fe status
• Pregnancy increases absorption

• Grains contribute > 25% of human 
Cd consumption

• Half-life:  15-30 years

• CODEX:  0.2 mg kg-1 in grain
• Regulated in E.U., China, 

Australia, New Zealand
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Cadmium is retained at a higher rate in the milling process than iron and zinc. 



Breeding wheat for better micronutrients

• Genetic control of grain Cd and Zn 
concentrations are independent.

• We can breed high Zn, low Cd wheat 
varieties.

• Healthier grain products must also 
consider reducing anti-nutritive 
components. 
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