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Background : Double burden of malnutrition1

462 million 
adults are

undernourished

one-third children 

are having severe protein-
energy malnutrition &

micronutrients deficiency 

2 3
Iron deficiency 
is the 9th rank 

among 26 risk factors in 
the Global Burden 

Diseases 2000

1.9 billion 
adults are

overweight

1

1WHO, 2018



Background : Environmental issues2

1
Agriculture

sector is the largest 
water exploiter

2
food processing 

contributes the highest 
amount of organic 

water pollutants 

2Ritchie H & Roser M, 2018



Background : Market opportunities

2 Emerging trends 

RTE foods6
Ancient grains utilisation offers 

more sustainable business 
for RTE foods7,8

Modern 
grains

Ancient 
grains
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Extruded Snacks Market Size, by type, 
2013 vs 2019 ($Billion)
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Mixed Grain

Others

1 Potential special 
needs market3,4,5

3Game Changers, 2018
4Storhaug CL, et al, 2017. 
5Mishra S, et al, 2018 
6Marketsandmarkets, 2019 
7Boukid F, et al, 2018
8Hinterthuer A, 2017 



Solution: Amamillet

Convenient snack 
utilising millet and 

amaranth

1

Environmentally 
friendly

2

Source of protein, iron, 
and fibre, to address 
double burden of 

malnutrition

3

Suitable for niche 
markets with 
special needs

4
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Process Design
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Which grains?

Amaranth Freekeh Teff Quinoa Farro

MilletBarley Kamut Bulgur Spelt

Not only quantity, but also quality9

Fibre 6.7%

Protein 13.6%

Iron 0.8%

Lysine & 
Tryptophan

Amaranth

&
Millet

Fibre 8.5%

Protein 11.0%

Iron 0.3%

Methionine & 
Cysteine 

9US Department of Agriculture, 2019



Why extrusion10?

Cost efficiency

1

Energy efficiency

(66% lower than baking, 
80% lower than deep-

frying

2

Flexibility

wide range of 
products and shapes

3

Non-frying process 
= 

Good for health

4

10Bouberte MY, et al, 2015 



Formulation

Sensory acceptance11

8.5/10

Amaranth
Lysine & tryptophan

Pearl Millet
Methionine & cysteine Protein source

Soy Protein Concentrate Yeast Extract
Flavouring

Flour : 16% Flour : 65% Starch : 14% SPC : 4% YE : 1%

Frying Oil

Salt



Production Process of Amamillet12

Raw materials

Water

Moisture
16-18%

Mixing

Temp : 121oC
Screw : 350 rpm
Feed : 25 kg/hr
Cutter : 8 rpm

Extrusion11

Temp : 40±2 oC
Time : 30 mins

Moisture : 1.5% max
Diameter : 0.9-1.2 cm

Length : 2.5-3.0 cm

Drying13

Weight : 100 + 3 g
O2 : 2% max

Filling-Packing14Flavour
Coating

11Kaushik I & Grewal R, 2017. 
12Joy C, et al, 2012
13Mazlan M, et al, 2019
14Marsh K & Bugusu B, 2007 



Safety aspects of Amamillet

Raw materials

Water

ExtrusionMixing Drying Packing

Raw material 
inspection

Drying Metal 
detectionCCP CCP CCP

1
Mycotoxin

Aflatoxin 2.21 μg/kg15

Immunoaffinity rapid test

Reject raw materials

2
Pathogenic E. coli, Salmonella spp

Moisture content 1.5%

Indicator calibration

Reprocess of drying

3
Metal contamination

No detectable metal fragments

Metal detector calibration

Hold, remove metal

15EFSA, 2013



Sustainability of Amamillet

2
Production and process

1
Raw materials

3
Packaging

Ancient grains Secondary extrusion Recyclable material



Final Product
& Impact
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100g size per pack 
30g recommended serving size

Nutrition facts16

Metallised film
MAP N2

Shelf life 6 months 25-28oC17

Packaging

Size

Per 
100 g

Per 
30 g

%RI per 
30 g

Calorie (kcal) 370.7 111.2 5.56%

Calorie from protein (kcal) 45.2 13.6

Calorie from fat (kcal) 32.5 9.8

Protein (g) 12.1 3.6 7.29%

Fat (g) 3.9 1.2 1.79%

Saturated Fat (g) 0.7 0.2 1.05%

Trans Fat (g) 0.0 0.0

Carbohydrate (g) 71.8 21.5 7.18%

Dietary fibre (g) 6.8 2.1

Sugar (g) 0.3 0.1

Sodium (mg) 75.9 22.8 0.95%

Iron (mg) 3.6 1.1 7.72%

16EFSA, 2006
17Yadav U, et al, 2018



Strength Weakness

ThreatOpportunity

Nutritious High resistanceSustainable
DistributionGrainy flavour

Snack trend Potential marketFlavour options Current  brand loyaltyIngredients sourcing 



Economic feasibility of Amamillet

ExtrusionMixing Drying/ 
baking

Extrusion Flavour
coating

Frying

Selling price €0.2/pack
150,000 pack/day

Industrial scale

vs

Flavour coating drum
Deep fat fryer
Vegetable oil

Payback period: 
4 years 5 months

Hot air oven

Payback period: 
3 years 1 month



Amamillet’s purposeful impacts

2
Grab special needs 

market

3

Low water and fertiliser
Energy efficient

Less attractive to pest
No oil utilisation

Environmentally 
friendly

For nutrient 
deficiency

Source of protein
Source of iron

Combat double burden  
of malnutrition

1

For obesity & CVD 
High fibre

Low sodium
Low saturated fat

Sugar-free



Future recommendation

International 
organisation

National 
government

Food  
manufacturing

Customer & 
consumer Farmer

Ancient grains drafted in health 
and sustainability program

More campaigns & 
execution policies

Interest rising in 
ancient grains

Demand rising in 
ancient grains

Crop preference 
shifting



Amamillet
A Healthy Snack to Achieve Sustainable Agriculture 

and Combat Double Burden Malnutrition

Thank
You!

“A MILE CLOSER TO A SUSTAINABLE EARTH”

Scan me for 
detailed references!


