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Food fortification is the practice of adding essential vitamins and minerals to staple foods 
to improve their nutritional content. The practice has been used since the 1920s as a 
safe and effective way of improving public health. It is in recognition of this fact that the 
Kenya government published legal notice number 62 of 15th June 2012 which required 
maize flour, wheat flour and edible oils to be fortified with certain vitamins and minerals.
This was done through an amendment to the Regulations of the Food, Drugs and Chemical 
Substances Act. However, most processors of the affected food products were faced with 
certain challenges towards complying with the new law. One of the major challenges was 
lack of technology and technical knowhow on how to go about adding the micronutrients. 

In order to bridge this gap, Technoserve together with Partners in Food Solutions 
working under a USAID  decided to bring together a team of experts to develop a 
training manual for food processors covering the various aspects of food fortification 
and this was followed by holding a dissemination workshop to share the training. 

The development of this manual brought together: volunteer experts under PFS;  private 
consultants and experts from public institutions including:, Ministry of Health and 
Kenya Bureau of Standards (KEBS). The team members developed different sections 
of the manual particularly covering each expert’s core strength. Though working with 
different experts across the sector adds a lot of richness to the manual, it provided 
some challenges in that it becomes necessary to make sure that the different parts are 
harmonized and this was ensured by having review meetings and workshops where 
all the experts participated and discussed the entire content. To ensure acceptability 
and get feedback from a larger user group, a review workshop with a cross-section 
of stakeholders was organized towards the end of the development process. The 
entire development process took well over 12 months and we would like to sincerely 
thank all the experts and stakeholders who participated tirelessly in the process. 

The main objective of this manual is to provide practitioners in the food processing industry 
with some background on food fortification while at the same time providing millers and 
edible oil processors with detailed knowledge on fortification of their products including: the 
genesis of the requirements to fortify these products; knowledge of the actual fortification 
process; quality control during fortification and the costs associated with fortification of these  
products. We hope this book provides the necessary technical knowledge the reader needs 
to start and/or improve efficiency, of maize meal, wheat flour, edible fats and oils fortification.

PREFACE
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Definition of Nutrition
“Nutrition is the process through which individuals acquire nutrients, and is considered 
in relation to the body’s nutrient needs. Good nutrition – emanating from an adequate, 
well balanced diet combined with regular physical activity – is a cornerstone of 
good health. Poor nutrition can lead to reduced immunity, increased susceptibility 
to disease, impaired physical and mental development, and reduced productivity.”
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.....................................

INTRODUCTION TO NUTRITION 
AND FOOD FORTIFICATION CHAPTER 1.

Good Nutrition is fundamental for:

For proper functioning of the 
brain and is linked to behavioral 
development 

Physical activity

Prevention of both communicable 
and non-communicable diseases 

(1)

Physical growth 

The Nutrients are grouped into two:-

Macronutrients (Carbohydrates, proteins, fats and water) and 
Micronutrients (Vitamins and Minerals) 

1 - ‘WHO | Nutrition’. N.p., 2015. Web. 7 Dec. 2015
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Figure 1. - Food Pyramid 
(source: http://www.cnpp.usda.gov/food-guide-pyramid-graphic-resources, cited 9 Dec 2015)

For proper utilization of these nutrients 
by the body, they need to be consumed 
together in adequate amounts every day.  
 
The most critical times when the nutrients 
are required in the lifecycle is during 
pregnancy, infancy and early childhood (< 
23 months), if the nutrients required are 
absent, the consequences are irreversible.  
 
Nutrients are however required throughout 
the lifecycle for optimum health. 

 
MICRONUTRIENTS AND THEIR 
ROLE IN NUTRITION
Vitamins are essential micronutrients, 
found in foods, which must be present 
in sufficient amounts during each stage 

of life, to ensure optimum body function. 
Vitamins reduce the risk of premature 
onset of degenerative disease and 
maintain a physical state of fitness.
 
There are two groups of minerals, 
macro minerals and micro minerals(or 
trace minerals). They are both 
important but the micro minerals 
are required in small amounts. 
 
The amounts needed in the body 
are not an indication of their 
importance. A balanced diet usually 
provides all of the essential minerals
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Macrominerals

Microminerals (trace)

Figure 3. - Role 
of Minerals in 
the Body

(Source: http://kevaind.org/
roleofminerals.aspx; cited 
09/03/2016)

Vitamins can be classified into:

Fat soluble vitamins
Vit A, D, E, K

Water soluble vitamins 
Vitamin B1, B2, B6, Niacin, B12, 
Folate,Pantothenate, Biotin; 
Vitamin C

Figure 2. - Classification of Vitamins 
and minerals

Calcium, Phosphorus, Magnesium,
Sodium, Chloride, Potassium and 
Sulphur

Iron, Zinc, Iodine, Manganese, 
Fluoride, Selenium, Copper and 
Chromium

Minerals Classification

All these nutrients play a significant role in the human body and this is illustrated in 
the figure 3 below
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Micronutrient Malnutrition
Micronutrients, for example, vitamins, 
trace minerals, are essential food factors 
required in only small quantities by the  body .
 
Micronutrient malnutrition is widespread 
in the industrialized nations but even more 
so in the developing regions of the world. 
It can affect all ages, groups, but young 
children and women of reproductive age 
tend to be among those most at risk of 
developing micronutrient deficiencies.
 
Some of the micronutrients whose 
deficiencies are of concern in Kenya 
include: 

Iron - Iron is required for the production 
of red blood cells and it is part of 
hemoglobin binding to the oxygen and 
transports oxygen from the lungs to all 
cells throughout the body and back to the 
lungs as carbon-dioxide. It is also involved 
in the conversion of blood sugar to energy.
If iron stores are low, normal hemoglobin 
production slows down, which means 
the transport of oxygen is diminished, 
resulting in symptoms such as fatigue, 
dizziness, lowered immunity or reduced 
performance. Food sources include fish, 
lean red meat, egg yolk, liver, and dried 
grains like oats, beans, whole grains.

Vitamin A - Essential for growth 
and development, healthy skin, eyes 
and proper function of the immune 
system. Food sources include sweet 
potatoes, carrots, dark leafy greens, 
and cooked liver among others.

Figure 4. - Vitamin A deficiency 
eventually leading to corneal scarring 
(Source - “Community Eye Health Journal » 
Corneal Blindness: Prevention, Treatment And 
Rehabilitation”. Cehjournal.org. N.p., 2016. Web. 
23 Mar. 2016.)

Zinc - Essential mineral that stimulates 
the activity of about 100 enzymes in 
the body. It also supports your healthy 
immune system, is necessary to 
synthesize DNA, and is essential for 
wound healing. Support’s the healthy 
growth and development of the body 
during adolescence, childhood and 
pregnancy. Food sources include red meat, 
sea food, beans, and nuts among others. 

Iodine – Iodine is an essential component 
in thyroid hormone production. 
Thyroid hormone regulates basic 
metabolism: energy consumption, 
cellular activity, growth and in particular 
the brain Food sources eggs, fish, 
cow’s milk, iodized salt among others.

2 - TheFreeDictionary.com,. ‘Micronutrients’. N.p., 2015. Web. 11 Dec. 2015.
3 - Allen, Lindsay. Guidelines On Food Fortification With Micronutrients. Geneva: World Health Organization, 2006. 
Pg 3

(2)

(3)



 FOOD FORTIFICATION HANDBOOK  |  12

Figure 5. - Neural tube defects, effects of 
folic acid deficiency in new-borns 
(Source - Botto, Lorenzo et al. “Neural-Tube 
Defects”. The New England Journal of Medicine 
341.20 (2009): 1510. Print.)

Folic acid – is a B vitamin, essential in the 
production of red blood cells and prevents 
neural tube defects. Food sources 

include dark green leafy vegetables, 
dried beans and lentils, fruits like 
oranges, bananas, nuts among others.

In Kenya the micronutrient deficiencies are prevalent in children under 5 years of age 
are demonstrated in Figure 6.

Trends in Nutritional Status of Children

Percent of children under 5
2003 KDHS    2008-09 KDHS    2014 KDHS

36

Stunted Wasted Underweight

35
26

6 7 4

16 16
11

Based on the 2006 WHO Child Growth Standars

Figure 6. - Trends in nutritional Status of Children 
(Source: KDHS 2014 Key findings)
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The effect of this malnutrition is a high 
infant mortality and poor pregnancy 
outcomes. This has resulted in the 

Kenya Constitution 2010 which states:
“Chapter 1; 42…(1) Every person has the right---….
….(c) to be free from hunger, and to have adequate food of acceptable quality;

Chapter 1; 53…(1) Every Child has the right---…..
….(c) to basic nutrition, shelter and health care;“

In addition to the constitution the following policy documents also bring to the fore 
the fortification initiative:

push for improved nutrition in the 
country. Also guiding this initiative is the

National Food and Nutrition Security Policy 
(2011)

National Nutrition Action Plan (2012 – 
2017)

Vision 2030 - fortification is one of the 
Ministry of Health’s vision 2030 flag 
ship projects

Millennium Development Goals and 
Sustainable Development Goals, 
developed by the United Nations
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What is Food Fortification?
Fortification by definition is the 
addition of micronutrients to food.   .

 
Fortification can restore a nutrients 
quantity, to industrially processed foods, 
where the natural levels of vitamins and 
minerals are lost during processing.  
Fortification can also add vitamins and 
minerals in amounts higher than those 
naturally present in the foods.  It is also 
possible to fortify by adding vitamins and 
minerals that are not naturally present 
in the food. Examples include vitamin A, 
calcium and vitamin B12, iron, folic acid. 

The term “enrichment and fortification” 
are usually used interchangeably. 
 
Fortifying commonly eaten foods, 
like wheat flour, maize meal, fats and 
oils, sugar and salt is an effective 
and economical way to ensure that 
national populations are provided 
with essential vitamins and minerals.  
 
These vitamins and minerals help 
prevent nutritional deficiency disorders, 
and associated public health problems.  
Fortification can significantly improve 
the health of a national population. 

BENEFITS AND OPPORTUNITIES OF FOOD FORTICATION

For the Processor

Improve product quality by restoring 
vitamins and minerals to original 
levels and improving its nutritional 
state 

Raise the company’s profile by helping 
create an image as innovative and 
on the cutting edge of processing 
technology  

Expand market share and consumer 
brand loyalty through improved 
products  

Contribute to the health and 
productivity of the national population 
and receive recognition as a good 
corporate citizen 

Healthy citizens contribute to 
increased productivity.  
 
 

Micronutrient deficiency leads to 
underdeveloped mental capacity, 
leading to non-attainment of optimum 
brain performance 

Vitamin A, iodine and iron are nutrients 
of concern world wide. According 
to the World Bank, addressing 
the deficiency of these nutrients 
sustainably would cost developing 
countries less than 0.3percent of 
its gross domestic product(GDP). 
Failure to do so can result in a depress 
a countries GDP by as much as 5%. . 

For the National Economy

Table 1. - Benefits and opportunities of food fortification

4 - Allen, Lindsay. Guidelines On Food Fortification With Micronutrients. Geneva: World Health Organization, 2006. Pg 13
5   - Web.worldbank.org,. ‘Nutrition - Enriching Lives: Overcoming Vitamin And Mineral Malnutrition In Developing Countries’. N.p., 
2015. Web. 11 Dec. 2015.
6   - World Bank. Enriching lives: Overcoming vitamin and mineral malnutrition in developing countries. Washington, DC: World Bank, 
1994. 

(4)

(5)

(6)
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.....................................

FOOD FORTIFICATION  
REQUIREMENTS IN KENYA CHAPTER 2.

National legislation of food fortification 
in Kenya dates back to 1978, when the 
Iodine Deficiency Disorder(IDD) legislation 
was passed. It became mandatory for 
salt meant for human consumption to 
be fortified with 100ppm of iodine, which 
has since been revised to 30-50ppm.

Currently food fortification in the country 
is coordinated by the Ministry of Health, 
under Nutrition and Dietetics Unit.  
 
The practice is implemented using a 
multi-sector approach with a public-
private Partnership that brings together 

     Ministry of Health, 
     Kenya Bureau of Standards 
     Local Industry players, 
     Ministry of Industrialization, 
     Ministry of Trade, 
     Funding partners, (WHO, USAID and GAIN)
     Kenya Medical Research Institute

stakeholders to form the Kenya National 
Food Fortification Alliance (KNFFA).   
 
The Alliance was launched in 2006 
and the Membership includes

Since its formation, KNFFA has made the following achievements:-

Development of a strategic plan 
Building capacity for laboratories to test for micronutrients 
Building capacity on the processes of fortification for managers/regulatory 
agencies
Developments of standards for Wheat, maize, sugar, fats and oils 
Development of the Fortification logo 
Trainings of staff from government and industry 
Procurement of equipment, premix’s and test kits by Industry 
Development of a web based database 
Monitoring of salt at industry level, household level and market level – 
system strengthening 
Development of guidelines, monitoring tools, monitoring and evaluation 
frameworks 
Social marketing and communication strategy
Development of Premix standards
Harmonizing of Kenya standards on Fortification to East Africa Standards.
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KNFFA

Finance 
Policy and 
Advocacy

Product 
Delivery

Social 
Marketing and 

Communication

Monitoring and Evaluation Figure 7. - Structure of 
KNFFA functions

Food Fortification Regulation
Mandatory Legislation for wheat flour 
maize meal, fats and oils through the 
amendment of the Regulations of the 

Food, Drug and Chemical Substance 
signed on 4th June 2012 and published 
in the Kenya Gazette supplement 
number 62 on 15th June 2012. 

‘Packaged wheat flour shall be fortified and conform to the food 
requirements specified’  

‘Packaged dry Milled maize products shall be fortified and conform to the 
requirements specified’  

‘Vegetable fats and oils shall be fortified with vitamin A in accordance with 
the Kenya Standard for edible fats and oil’  

‘Labelling of fortified products shall be done in accordance with the relevant 
East Africa standards relating to nutrition’

As other countries continue to see the value of fortification of grains, legislation 
is passed to make it mandatory. Figure 8 is a map of grain fortification legislation 
around the world.

This regulation has been revised to legal notice number 157 of 24th July 2015 
states in part:-
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Figure 8. - Global Grain Food Fortification Legislation

Food Fortification targeting 
There are 3 types of fortification based 
on targeted consumer: 

1.)    Mass fortification 
2.)    Targeted fortification 
3.)    Market-driven fortification 

In Kenya, we are in transition from Market 
driven (Voluntary) to Mass fortification 

which is being implemented through a 
Mandatory regulation. 

Note:  
 
Each type of fortification practice 
has different rules and practices. 
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The common practice in all the types is that any fortification program should 
result in:  

a.) Safe products i.e. safety of the food product itself, the fortificants/
premix used and resultant new product should be guaranteed. This should be in 
both the population that consumes the highest amount and the lowest  

b.) Efficacy i.e. the product should meet the intended nutritional impact 
to the majority of the population by providing nutrients that would result in 
positive nutritional impact 

Steps taken in developing Kenya’s mass fortification 

STEPS                DESCRIPTIONS

Step 1: Selection of proper 
food vehicle

Step 2: Defining the dietary 
objectives 

Step 3: Finding the 
appropriate combination 
of the food vehicles 

Flour was chosen because 
a.)    It is industrially produced; 
b.)    It consumed by a wider population;
c.)    The combination with the fortificants is     
         technologically compatible; and 
d.)    The Fortification process is  economically  
         viable; 
 
Review of national nutrition data profile 
and the decision by the ministry on priority 
micronutrients of concern. 

Both the proportion of the Estimated Average 
Requirements (EAR) to satisfy the requirements 
and the proportion of Upper Limit (UL) were 
defined for all the food vehicles in combination. 
This is because if this precaution was not 
applied and the formulation of only one product 
completes the UL for some individuals of the 
population, then the introduction of other mass 
fortification interventions could have been 
restricted. Once the UL is reached, no other 
intervention with a mass coverage should be 
used.
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Development of factory fortification levels   
Successful fortification at factory level depends on four key aspects: 
1) The right technology to produce and distribute fortified products; 
2) Proper control of the processes; 
3) Monitoring and evaluation (Quality control at factory level); and 
4) Adequate communication and marketing 

STEPS                DESCRIPTIONS

Step 4: Estimated Usual 
Intakes of the food 
Vehicles

Step 5: Determining the 
Feasible Fortification 
Levels (FFL)

Step 6: Defining the 
Acceptable Allowable Cost

Step 7: Assessing the 
nutritional impact and 
selecting the levels of 
addition 

Step 8: Estimating the 
food fortification levels 

Step 9: Formulating the 
premix 

Studies that were done by the universities 
together with statistical figures from the Kenya 
National Bureau of Statistics were used to 
provide data of the usual intakes (per capita 
consumption) of all the food vehicles including 
flour. This data was the basis of the national 
levels as provided in the standards. 
 
The Feasible Fortification Level (FFL) is the 
micronutrient content that will provide the 
greatest number of at-risk individuals with an 
adequate intake while avoiding excessive intake 
by those who consume large quantities of the 
fortified food. The FFL takes into account both 
the safe and the technological limits.

In designing the program, special attention 
should be paid to the price change of the 
product at retail level. Usually a range of price 
change of 0.5 % to 2 % of the retail price is 
recommended. In Kenyan levels a price of 1 % 
was considered. 

This was done using a calculation process 
through a “formulator”. The formulator is 
a tool that can be used to maximize health 
benefits and minimize potential risks of mass 
food fortification, as well as to plan program 
introduction estimating costs and parameters 
for control

Using the “formulator” the legal minimum and 
maximum were defined.

Guidelines were provided to premix 
manufacturers for premix manufacturer
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Useful standards - An optional standard 
KNWA 2393:2012 on Monitoring of Fortified 
Foods will help you to achieve both 
the factory levels and regulatory limits 
as well as guide on your documentation. 
 
 In addition KS 2571 provides the guidance 
for the supply of premix in Kenya.

Product Standards: Labelling provisions  

All food product are required by law to be 
labeled based on labeling standards KS 
EAS 38 

APPLICABLE NATIONAL STANDARDS 

Two sets of national standards are applicable and mandatory for flour/fats/oils 
fortification and food products in general:  

a) Products Specification Standards – This provides the quality and safety 
requirements that any food product must comply with. In the case of 
mandatory fortification three standards are relevant:  
 
1)   Specification for Maize flour – KS EAS 767 
2)   Specification for wheat flour – KS EAS 768 
3)   Specification for edible fats & oils – KS EAS 769  

b) Labeling standards – This provides the minimum requirements that each of 
the packaging containing a food product must have. Two primary standards 
are applicable for prepackaged foods:  

1)    Labeling of prepackaged foods – KS EAS 38 and 
2)   Guidelines for health and nutrition claim – KS CAC/GL 23 

In addition, the nutrition claims attached to 
fortified foods are guided by KS CAC/GL 23.  
A claim is defined as any representation 
which states, suggests or implies that a 
food has particular qualities relating to 
its origin, nutritional properties, nature, 
processing, composition or any other 
quality. Usually a claim is used as an 
appeal or an attempt to show that a 
specific product will yield certain benefits.

Product Standards: Focus on KS CAC/GL 
23 Types of claims as per the National 
standards.
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1.) Nutrition Claim 
Is any representation which states, suggests or implies that a food has particular 
nutritional properties including but not limited to the energy value and to the content 
of protein, fat and carbohydrates, as well as the content of vitamins and minerals.

Categories of:- 

i.)    Nutrient Content claims claim that describes the level of a nutrient   
       contained in a food e.g. source of calcium 
ii.)   Nutrient Comparative claim is a claim that compares the nutrient levels  
       in 2 or more foods e.g. use of word such as “reduced”; “less than”;     
      “fewer”; “increased”; etc. 
iii.)   Nutrient Function claims is a nutrition claim that describes the           
        physiological role of the nutrient in growth, development and normal  
        functions of the body

Exception of nutrition claim: 
If: 
     The mention of substances is in the list of ingredients; 
     The mention of nutrients as a mandatory part of nutrition labelling; 
     Quantitative or qualitative declaration of certain nutrients or ingredients  
     on the label if required by national legislation 

2.)    Health claims - is any representation that states, suggests, or implies 
that a relationship exists between a food or a constituent of that food and 
health  

Health claims must have two components: 
a) Information on the physiological role of the nutrient and 
b) Information on the composition of the product relevant to the 
physiological role of the nutrient.
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Note: Application can be done in any KEBS office & the forms are available on our 
website www.kebs.org

Table 2. - Process of acquiring the fortification logo

Acquiring the Food Fortification logo

Figure 9. - Fortification Logo

STEPS                      DESCRIPTIONS

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

A product must have a valid Kenya Bureau of Standards, 
standardization mark.

Need to apply in the prescribed forms for the logo,  and pay 
the required fees

An inspection and sampling is followed on schedule 

The products undergo testing against the standards 

If tests confirms compliance the product is granted use of 
the logo
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How can you forfeit the right to use the “Fortification” logo 

If Standardization Mark is withdrawn; 
If on subsequent visit consistent non-compliance is noted; 
Where a product is banned; 
If Ministry Of Public Health and Sanitation (MOPHS) communicates of any 
non-compliance noted; 
If MOPHS by directive advices KEBS to withdraw the permit; and 
Where a firm contravenes the conditions for the permit. 

1)
2)
3)
4)

5)
6)

Marketing of Fortified Foods  
In general, any good quality fortified food 
product should not change consumer 
acceptability. Ideally, fortification should 
be invisible to the consumer. If possible, 
there should be no detectable difference 
in the appearance, or sensory properties 
of the fortified product, and the price 
should only be marginally higher. Color 
and appearance, flavor and aroma, shelf 
life, taste and mouth feel should not be 
affected.

However consumers may be concerned 
about any changes to the traditional 
foods. Added substances, even replacing 
those lost in milling, may raise concern 
about product quality. 
Millers may be concerned about any 
higher production costs. Wholesale 
fortified flour purchasers and re-
processors are usually very sensitive 

about product quality and price. Through 
research specific concerns and those 
characteristics of fortified foods that are 
most appealing to consumers can be 
identified. 

Marketing strategies differ according 
to type of fortification. 

For example: In a market the company 
markets to a specific group, say school or 
hospital feeding, within the requirements 
set by government, school system, or 
organization that is purchasing and 
distributing the product like the World 
Food Program (WFP). There is little need 
for promotion since the fortification 
of the product would be specified by 
the customer. The cost of fortification 
would be factored into the selling 
price and would not be a constraint. 
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With mandatory or universal mass 
fortification, companies fortify to national 
standards. They are not likely to heavily 
promote their product since all other 
companies offer the same or similar 
product. They might promote that they 
have better quality and control over 
fortification. Companies can use a logo 
that is developed by the government to 
help consumers to identify their products 
as fortified. Promotion of the logo is 
necessary at the onset. In a market-
driven situation, companies add whatever 
types and levels of nutrients they think 
would sell, following national regulations 
that might exist. They promote the 
product, especially at the start, to get 
consumer interest. They live with higher 
costs, within reason, since they expect 
higher market share, sales and profits. 

The mix of marketing strategies and tools 
will differ depending on perceptions of 

costs and benefits. Where the perceived 
costs are high and benefits low, 
government regulation may be needed 
to ensure all flour/fats/oils products are 
fortified. Where perceived costs are low 
and benefits high, consumer information 
and education may be sufficient 
to add value. When the perception 
of costs and benefits are mixed, 
marketing tools such as advertising and 
promotion may also be needed to build 
consumer perceptions of added value. 

Kenya did consumer pre-testing of 
different options for fortified foods 
logo that would eventually appear on 
all fortified products. Consumers are 
expected to choose foods that have the 
logo when they are shopping. The logo 
was marketed from December 2012 (radio 
and Tv adverts, Billboards, newspaper 
supplement and various articles.) 

Figure 10. - Launch of Kenya’s fortification logo in 2012
(Source: http://www.psikenya.org/index.php?id=184)
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.....................................

INTRODUCTION TO  
FORTIFICATION

CHAPTER 3.

Rationale for Maize Flour Fortification
Maize (corn) is a cereal with ears consisting of white, yellow or rust colored grains, 
rich in starch, which are attached to a cob protected by layers of fibrous leaves.

Outer Layer - layer of epidermis + 
several thin inner layers. Together 
these layers are known as the 
BRAN layer – rich in fibre, minerals, 
oil, protein and B vitamins.

Germ – rich in vitamin A, B, oils and 
minerals

Endosperm – high in starch and 
proteins 

Figure 11. - Cross-section of a maize kernel 
(Source - http://www.britannica.com/topic/
cereal-processing/images-videos/The-outer-
layers-and-internal-structures-of-a-kernel-
of/162; cited 10/Dec/2015)

Prior to milling, whole maize is a good 
source of thiamin (Vit B1), pyridoxine (Vit 
B6) and phosphorus, and a fair source of 
riboflavin (Vit B2), niacin (Vit B3), folate 
(Vit B9), biotin (Vit B7), iron and zinc. 

Most of these nutrients are lost during the 
milling process and can be appropriately 
added to maize flour or maize meal during 
the milling process (by fortification).

In most jurisdictions maize flour has been targeted for fortification due to 2 
main reasons: 

Most of the micro nutrients in the maize grain are lost during milling  
as seen in the table 3.
In Kenya the per capita consumption of maize is quite high as  
demonstrated in the table 4.
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Influence of Milling on the Vitamin and Mineral Content of Maize

 Vitamins (mcg/g)                      Whole Maize            Dehulled                Degermed

Vitamin A
Thiamin (B2)
Riboflavin (B2)
Niacin
Pyridoxine (B6)
Vitamin E
Folate
Biotin
Minerals
Calcium
Phosphorus
Zinc
Iron

0
4.7
0.9
16.2
5.4
0
0.3
0.073

30.8
3,100
21.0
23.3

-
4.4
0.7
13.9
5.4
-
0.2
0.055

26.7
2,500
17.1
19.7

-
1.3
0.4
9.8
1.9
-
0.1
0.014

14.5
800
4.4
10.8

Table 3. - Nutrient Losses during Milling of maize
(Source: Bauernfeind, J.C. and E. DeRitter. 1991. Cereal Grain products. In Nutrient Addition to 
Foods. Bauernfeind, J.C. and P.A. Lachance (Eds). Food and Nutrition Press. Trumbull, CT.)

Per Capita Maize Consumption and Percentage Daily Energy Intake from Maize 
in Selected Countries

Country (2011) Consumption (gms/day) % energy intake of maize

Kenya
Uganda
Tanzania
Zambia
Malawi

192
161
204
386
482

31%
15%
23%
51%
49%

Table 4. - Maize consumption comparison by country
(Source: FAO 2015 - Food Balance Sheets 2011)
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Figure 13. - Vitamin losses versus 
.extraction rate in wheat. 
(Source - http://www.ffinetwork.org/)

In Kenya, the vitamins and minerals added to maize flour are:

Vitamin A Vitamin A palmitate.   

B1: Thiamin Mononitrate

B2: Riboflavin

B3: Niacinamide

Folates: Folic acid

B6:Pyrodoxine

B12:Vit. B12 0.1 % Water soluble(WS)

Na-Fe EDTA

Zinc Oxide

Vitamin B 
complex

Iron

Zinc

Table 5. - Maize flour fortificants

Rationale for Wheat Flour Food 
Fortification
Wheat is widely consumed across 
the country in form of products made 
from wheat flour e.g bread, “chapatis”, 
cakes e.t.c. During the process milling 
of wheat, the bran and the germ 
layers and removed (see Figure 12) 

Figure 12. - Wheat grain segmented
(Source - http://agcj.tamu.edu/407/sites/
Sarvarian2/definition.htm;  cited 10/Dec/2015)

This process consequently removes 
the essential nutrients contained in 
the whole wheat. By adding nutrients 
back into the wheat flour, this makes 
wheat flour a suitable vehicle for 
delivering nutrients to its consumers.  
 
The lower the extraction rates the higher 
the nutrient losses, as illustrated below:-
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In Kenya, the vitamins and minerals added to Wheat flour are:

Vitamin A Vitamin A palmitate 

B1: Thiamine Mononitrate

B2: Riboflavin

B3: Niacin amide 

Folates: Folic acid 

B6:Pyrodoxine 

Vit. B12 0.1 % Water Soluble (WS)

Ferrous fumerate

Zinc Oxide

Vitamin B 
complex

Iron

Zinc

Table 6. - Wheat flour fortificants

Rationale behind Oil Food Fortification
Fats and oils are widely used as a vehicle 
of delivery for vitamins and minerals 
because they are a major component in 
a human’s diet.  Fats and oils, along with 
carbohydrates and proteins are major 
components of the human diet. Fats 
and oils provide energy, are a vehicle for 
fat soluble vitamins (A, D and E), as well 
as essential fatty acids that are required 
for proper growth and development. 

The production of vegetable oils (corn, 
canola, sunflower, palm, peanut, olive, 
coconut, etc.) is high throughout the world, 
and consumption is increasing, especially 
among the lower Socio-economic groups.

A higher consumption of vegetable oils 
is preferred over animal fats as vegetable 
oils contain much less saturated fat 
than animal fats, and they contain no 
cholesterol. These vegetable oils are 
suitable as vehicles for vitamins A, D 
and E, fortification as the production 
and refining of the oils is a centralized 
process. As vitamins A, D and E are fat 

soluble, they can be uniformly distributed 
in oil. The stability of Vitamin A is greater 
in oils than in any other food and oil 
facilitates the absorption of Vitamin A by 
the body. Vegetable oils are consumed 
by almost everyone, thus it is possible 
to improve people’s access to fat soluble 
vitamins through fortification. It is worth 
noting that oils and fats in this case are 
used as vehicles to deliver the nutrients.

Animal 
fats 22%

Vegetable Oils 78%

Figure 14. - Comparison of Fats and oils 
sources globally
(Source:FAO 2015; FAO Food Balance Sheets 2011)

Global Comparison of Edible fat sources
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In Kenya the mandatory nutrient used in 
fats and oils fortification is Vitamin A. 

Functions of Fats and Oils

Efficient source of energy also 
energy storage 

Insulating material for body organs 

Solvent for fat soluble vitamins 

Acts as a lubricant 

Supply of essential fatty acids – 
play roles on blood clotting, and 
brain development

Advantages of Fats and Oils – A vehicle 
for food fortification

Fats and oils play various functions 
in the human body. These include:-

Consumed by all categories of 
people, even those at risk 

Consumed regularly in constant 
amounts 

Vitamin A can easily be mixed with 
oil 

Oil protects Vitamin A from 
oxidation 

No effect on organoleptic properties 

Simple addition process 

Low costs (around 0,5 % of total) 

Butter & Ghee already contain 
Vitamin A

Fortification Considerations 

The amounts of vitamins and minerals 
to be added must be calculated 

based on nutritional requirements like 
Recommended Daily Intake (RDI) and 
consumption patterns of staple foods, 
after which losses during storage and 
cooking must also be considered.

When considering fortification with 
multiple micronutrients, it is important 
to consider interactions between 
micronutrients and perhaps separate the 
more reactive ones using two different 
premixes. In addition, reference needs 
to be made to the supplier’s premix 
documents about storage conditions.

Temperature, 
Moisture content, 
PH in wet product
Exposure to light
Presence of oxygen, 
Length of storage, 
Packaging, 
Length of cooking time etc

Factors that influence the stability 
of added vitamins and minerals 
during storage and preparation of 
product are:

Vitamin A, D, and folic acid are 
unstable when exposed to air, light, 
and heat. 
 
Vitamin B1 is sensitive to heat and 
alkaline pH. 

Vitamin B2 is sensitive to light and 
alkaline pH. 

Vitamin B6 and biotin are pH 
sensitive. 

Niacin is the most stable vitamin 
being essentially unaffected by light, 
heat, and pH.
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.....................................

INTRODUCTION TO FORTIFICA-
TION PRINCIPLES. CHAPTER 4.

Principles

The starting point of fortification is 
raw material that meets the relevant 
quality and safety standards. An internal 
laboratory should be set up to ensure 
assessment of incoming raw materials 
is carried out and appropriate action 
taken where there is non-conformance. 

Figure 15: - Dosifier hopper

Colour and appearance
Flavour and aroma
Shelflife
Taste and mouth feel

The process of fortification will require 
additional equipment and materials. 
Many of the technical, economic and 
operational parameters of fortification 
are dependent on the capacity of the mill 
or refinery. Capacity is often higher than 
the actual production. Most production 
systems should run over 90% of capacity 
but many systems run at much less 
than the installed capacity allows. 

Micronutrient premix is either added during 
conveyance using dosing machines or at 
the end of processing using batch mixers. 

Extraction rate considerations 
Extraction rate is considered as the 
yield of flour obtained during milling. 
This excludes any by-products like bran 
and germ. In milling extraction rates 
>78% are considered high. Flours milled 
to at high extraction rates contain 
higher amounts of bran and germ. 
 
The bran contains naturally occurring 
Phytic acid which forms insoluble 
compounds with minerals, particularly 
calcium, iron and zinc. These insoluble 
compounds make these minerals 
unavailable for absorption by the body. 
Maize contains more phytic acid than wheat 
grain. Much of the outer layers, and also 
phytic acid, is removed during the milling
process. Refined white flour 
contains reduced levels of phytic 
acid compared to the whole grain.

Parameters that need to be assessed 
for the finished product include
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Figure 16. - Phytochemicals include 
Phytic acid

As a result, inhibition of iron absorption by 
phytic acid is less of a problem with more 
refined milled white flour. The presence of 
phytic acid in the flour is a consideration 
when making the choice of the form 
of iron to be added during fortification.
 
NaFeEDTA* (ferric sodium ethylene-
diamine tetra-acetate) is recommended 
for high extraction flours because it is 
stable during processing, and also helps 
in Iron absorption in the presence of 
phytic acid. NaFeEDTA is a compound 
used in Iron fortification. It has a superior 
iron bioavailability especially in foods 
containing iron absorption inhibitors.

Installation Considerations
This is done after technical evaluation 
of the production/milling system. This 
evaluation can be carried out either by the 
equipment manufacturer or an authorized 
vendor of the dosing equipment.

Feeders should be set up with an electrical 
interlock system that prevents the flow 
of premix when flour flow is stopped. 
An interlock causes the feeder to stop 
if the flour collection conveyor stops.
This will prevent the inadvertent over-
fortification of the flour, if there is a 

mechanical breakdown in the mill.

An alternative approach is to have an 
automatic shut off switch on the feeder that 
is hooked up to a flour flow indicator or a 
pressure indicator in a pneumatic system. 

Mills generally need one feeder per flour 
or meal line to be fortified. Larger Milling 
units with multiple products may require 
additional feeders including spares.

Feeders used for flour fortification 
need to deliver only relatively 
small amounts of material.
Hopper size on the feeder is also 
an important consideration, since 
you do not want to fill it constantly.

Where milling production volumes are 
low, below 1Metric ton of flour, dosing 
can be a challenge hence the need to 
bulk/dilute the premix with flour before 
adding to the final product (fortification).

When ordering milling fortification 
equipment, avoid these problems:

Motors with incorrect voltage or 
numbers of phases supplied (110v 
vs. 220v, single phase vs. 3-phase, 
etc) 

Required or expected components 
that are optional and not ordered or 
substantially increased the cost of 
equipment. 

No spare parts ordered and no 
mechanism for quickly obtaining 
spare parts (brass gears, belts, etc)
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Feeder designed for use with a 
specific premix, which did not 
work well with other premixes 
due to different flow and packing 
properties. 

Feeder placement may need to be 
located some distance from the flour 
line so that a tube/shoot needs to be 
fabricated to carry the premix to the 
conveyor (via gravity). 

Equipment manuals may come in a 
different language than that of mill 
specialists (correct language version 
of manual must be specified).

When considering equipment, look for 
these specifications:

Automatic shut off capability. 

All surfaces in contact with the 
premix are of stainless steel or a 
non-corrosive material. 

Manually adjustable delivery control, 
calibrated from 0 to 100% of feeder 
capacity that can be mounted 
separate from feeder. 

220 volt ±10% 50/60 Hz single phase 
power. 

Agitation mechanism to prevent 
bridging or tunneling of premix in 
hopper. (blocking) 

Capable of delivering for 5hrs with 
±5% accuracy over full range through 
the use of different size screws, 
gears or belts supplied with feeder.  

Device to allow operator to easily 
check if hopper is empty or near 
empty

Premixes
Premixes - is any blend of micronutrients 
in a concentrated form (vitamins and 
minerals) used to fortify or enrich foods 
at the production plant, in this case a 
wheat flour or fats and oils refinery. 
In most cases, vitamins and minerals 
are supplied in ready to use premixes. 
Premixes are produced by large 
commercial manufacturers and can be 
purchased in specific blends that meet 
the production needs of the mill/refinery 
and the dietary needs of the country.

Fortificants-(powdered vitamins 
and minerals) 
 
Excipients- (carriers, fillers and 
free-flow agents)

Individual amounts of concentrated 
vitamins and minerals are hard to add 
to flour because they are excessively 
light or dense, or tend to clump. It 
is therefore much more convenient, 
accurate and economical than trying to 
add the individual nutrients separately.
Therefore excipients such as starch 
or malto-dextrin are often blended 
into the premix by the manufacturer 
to dilute the concentration of the 
vitamins and minerals and to keep 
good flowing properties. Where the 
nutrient Calcium is required for addition 
it is added separately due to its bulk.

Excipients may be referred to as carriers 
or fillers by the premix manufacturers. 
Addition of excipient results into lowering 
of the bulk density of the premix, therefore 
bringing it closer to the bulk density of the 
flour. This results into consistent addition 
and better blending quality of premix.

A premix is made-up of two major 
components:
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In addition to excipients, a free-flow 
agent, such as tri-calcium phosphate 
or precipitated silica (silicon dioxide) 

may be added to keep the premix from 
clumping and bridging in the hopper to 
have a continuous flow during the dosing.

The use of commercially available premixes has certain advantages. These 
include:

Consistency in addition: Some of the vitamins and minerals are very 
dense, (reduced iron) while others are very light (riboflavin). The proper 
use of excipients by commercial premix manufacturers is to mix them 
into a single ingredient that is much easier to feed and will cause fewer 
problems on the flour mill’s production line. 

Easier quality control testing:  A properly manufactured premix has 
verified levels of different vitamins and minerals that will allow testing 
of a single micronutrient to serve as an indicator for the amounts of 
the others. Most often, iron is used as the indicator nutrient (but others 
could be used as well e.g. Zinc). If a mill is blending its own premix, it 
would need to prove that the blend met required specifications. Very 
few mills have the lab facilities or staff needed to carry out such quality 
control procedures. It is much easier and less expensive for the premix 
manufacturers to carry out this task. 

Feed Rate Adjustments/Weighing: A single premix requires only one 
feed rate adjustment for continuous flow systems or one weighing 
for batch systems. This reduces labor requirements and lessens the 
chance of error. 

Premixes Addition Rates
In Kenya premixes are supplied in two 
concentrations for the following addition 
rates:
      500gm per metric ton (MT)
      250gm per metric ton (MT)

The targeted addition rate is taken into 
consideration during the formulation of the 
premix. Ideally, the addition rate is set to be 
in whole units. Smaller mills may require a 
more diluted premix that can be added at 
rates higher than 500 gm/MT. This is to 
ensure accuracy in metering the premix.
When high rates are required, the mill 
may mix the premix with flour to create 

a pre-blend that is more dilute and that 
can be added at higher addition rates. 

Feeders or dosifiers are equipment used 
to meter or measure out the premix to the 
flour/fat/oil. Most micro-feeders will be 
adjustable to achieve metering rates of 
between 100 and 500gms per metric ton.
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Premix Addition Mechanisms
There are general principles by which 
the feeders control the amount of premix 
addition to the maize flour or wheat flour. 
 
a) Gravimetric Addition: -  

Gravimetric addition involves measuring 
the weight of material to be added on 
a continuous basis. All feeders can 
be made into “loss in weight” feeders. 
The rate at which this weight drops 
with time indicates the true addition 
rate. Are typically used for dispensing 
bulk greater volume of materials.

b) Volumetric Addition: - 

Continuous 

In continuous systems the premix 
is metered continuously during the 
milling process either into the flour 
stream or into the grains just before 
milling. There are two continuous 
processes, micro-feeders and dosifiers. 

1) Micro-feeder 
Is a continuous dosing system which adds 
the premix into the flour stream at a preset 
rate. The rate of addition will depend on 
the type of premix and the flow rate of 
the flour through the system. Mixing is 
achieved by use of a screw conveyor 
installed right after the micro feeder. 
There are 3 types namely the revolving 
disc, drum/roller type and the screw type:

Revolving Disc - This older type of feeder 
uses a revolving disk equipped with a 
slide mechanism to control the rate of 
powder discharge. The disk revolves at 
a constant speed and can be run with 
either an AC or DC motor. The size of the 
hopper is usually smaller and can be a 
disadvantage for larger flour mills since 
refilling takes up more of the miller’s time. 
This type of feeder uses more mechanical 
components than the screw feeder.

Figure 17. - Revolving disc

Volumetric addition is similar to using a cup 
or spoon to measure out ingredients. This 
is based on the principle that the volume 
of the material being added has a set 
weight when handled in a uniform manner.  
 
The weight of the premix dispensed 
depends on its bulk density. Iron sources 
have higher bulk densities than vitamins 
and flour. The higher the density, the 
greater weight of material that is 
dispensed at the same feeder setting. 
The minimum error of measurement 
for volumetric addition is ±2%.

For wheat flour and maize flour, 
process of premix addition can either 
by continuous or batch systems.

Premix Addition Systems – Maize flour 
and Wheat flour 
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Drum or Roller type Feeder – This type 
has been used extensively. It operates 
by allowing the powder to pass between 
two revolving cylinders, as shown in 
the diagram. Either a DC or AC motor 
can power the drum or a gearbox and a 
pulley system control the rotation speed. 

Pulleys and wheels of differing diameters 
can be used to make gross adjustments 
in the feed rate capacity. There is an 
adjustable gate, which is used to make 
fine adjustments in the rate of feed. This 
design requires more parts to operate and 
has higher maintenance requirements.

Figure 18. - Drum feeder

Screw type – This is the most common 
type. Volumetric screw feeders dispense 
a set volume of premix at a constant 
rate and are powered by a variable speed 
direct current motor with a controller 
that is used for fine adjustment of the 
feed rate of the powder/fortificants.
 
The variable speed drive controls the 
number of screw revolutions per minute 
while the size of the screw controls the 
volume dispense per revolution. Larger 
hoppers can have vibrators to prevent 
bridging (see figure 22) or may require 
the addition of an agitator (see figure 20).

Better able to sustain a constant 
addition rate for a longer time 

Wider range of delivery rates 
 
Fewer mechanical parts 

Fewer repairs because they 
breaks down less often 

Less expensive to build 

Can be more sanitary 

Easier to maintain than the other 
types of feeders 

Widely available 

Advantages of a screw type micro-
feeder.
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Figure 19. - Screw feeder parts

Figure 20. - Screw feeder agitator  
and location on mill

Location of feeder on flour collection 
conveyor – for adequate mixing. At the 
front half of collection conveyor above 
the blades of the mixing screw. At least 
3 meters of conveyor length is normally 
needed to ensure adequate blending.

Another option for feeder location: If it 
would be difficult to install the feeder at the 
beginning of a conveyor, the feeder can be 
connected to the flour discharge spout of 
a plan sifter. Or at the points different flour 
streams meet to form the final flour blend.

Screw feeder located above a mixing 
conveyor

In the case of erratic flour flow – 
1) Install mixing conveyor 
2) Slave feeder output to flour flow
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Figure 21. - Potential problems with feeders

In general, one feeder is needed for each 
production line of flour to be fortified.

Locate feeders to allow adequate 
mixing with flour after point where 
premix is added. 
 
Speed controller and low level 
indicator light should be in readily 
visible, convenient and easily 
accessible location.
 
Feeder hopper should be convenient 
for filling.
 
Install voltage stabilizers whenever 
electrical voltage fluctuates more 
than ±20%. 
 
Install electrical interlock systems 
directly to either the flour collection 
conveyor motor or the mill control 
panel. 
 

Check low premix level indicator 
lights to assure hopper is operating 
correctly.
 
Feeders should be placed in a dry 
location and away from sunlight. This 
will prevent the components from any 
potential interaction with sunlight. 
Vitamin A, riboflavin and folic acid 
are sensitive to light and atmospheric 
oxygen.

2.) Dosifier
Is a continuous dosing system which 
adds the premix to the grains before 
milling in which case the milling 
performs the mixing operation.  This is 
used on a hammer mill and they can be 
used in small scale flour milling process.
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Figure 22. - Sanku device and how the unit is loaded 
on a hammer mill

Figure 23. - Sanku device process flow

Where the milling operation permits, direct addition of the premix during 
milling can be an option.

* Photos courtesy of SANKU (www.sanku.com)
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Premix addition systems - Calibration
It is important to calibrate the feeder to the 
rate of flour production in order to avoid 
over or under fortification. The feeder is 
normally equipped with a variable speed 
drive that allows for different discharge 
rates. The feeder should be calibrated so 
that at each speed setting from slowest to 
full speed the amount of material in grams 
delivered per minute can be calculated.

When to Calibrate:
        After Commissioning
        After Maintenance of Micro feeder
        New Lot of Premix or New Supplier
        After six months

Why Calibrate:
       Determine Speeds which the feeder  
       operates within acceptable variation 
 
       Results in products within        
       specification 

       Dispensing accurate amounts      
       means less losses

Calibration Process
a) Check the flour production 
rate (kg/hr) for each production line, 
even if the rate has been established. 

(weight of one bag in kg) x (number of bags per 60 minutes)   =  kg flour per  
    60                                                             minute

b) Premix Feed Rate
Determination: Next, determine 
the premix feed (discharge) rate at 
different speed settings on your feeder.

Fill hopper half full with premix to be 
added. 

Set feeder to maximum discharge. 

Run feeder for two minutes. 

Weigh the premix that has been 
discharged. 

Calculate maximum discharge per 
minute. 

Optional: Repeat at different speeds 
or percent settings. 

Graph paper or a spreadsheet 
program can be used to make a chart 
that shows the premix discharge 
rate per minute at different speed 
settings from 0 to 100% of maximum 
discharge (mill curve). This should be 
displayed near the feeder. 

Variation between highest and lowest 
should not be more than 2 %
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Figure 24. - Mill curve example for a microdoser

Feeder Operation Guidelines

Be sure feeders are calibrated and actual production rate of Mill has been 
measured.
Ensure feeder hopper contains premix.
Start mill up and let run for at least 15 minutes to reach normal production 
rate.
Start feeder at required setting as determined by the feeder calibration 
process. 
Conduct check weighing at start of Mill production run and every ONE-
TWO hours to verify correct addition rate. 
Each premix feeder should be checked routinely during production run.
Note: To add an extra quality control measure, Mills may require premix feeder  
hoppers to be filled on a regular basis and the weight of the material left in the 
premix carton recorded. 
The most important check on the production line is to ensure that the 
feeder does not run out of premix. Many feeders have a low level indicator 
that can alert the production team.
At the end of a production run, the premix feeder should be turned off 
before shutting down the mill.
Production records need to record the following: 
    a)    The lot number of the premix used
    b)    Check weights
    c)    Feeder adjustments if made
    d)   Times of check weighing

1)

2)
3)

4)

5)

6)

7)

8)

9)



41  |  FOOD FORTIFICATION HANDBOOK

Premix delivery mechanisms - continuous
There are two ways in which the premix 
once dispensed by the feeder is delivered 
into the flour stream. They are through 
a pneumatic system or by gravity: 
1) Pneumatic system, the premix 

drops into a venturi tube, that injects 
the premix into an air stream. The 
material is blown by positive pressure 
or sucked by a vacuum through a pipe 
into the flour collection conveyor.

Things to Consider:

Pneumatically conveyed flour does not provide much mixing with the premix. 
Pneumatic addition requires some investment 
The pipes used to convey the material should have a maximum number of 
sharp bends and twists 
The venturi tube should be checked occasionally to see if there is any buildup 
of the premix, and cleaned when necessary. 

Advantages of the pneumatic method
The feeder can be located at several places in the mill, allowing it to be added to 
existing mills. 

Figure 25. - Pneumatic delivery system

2) Gravity System: With this system, the feeder is placed above a flour 
conveyor. The premix is dropped directly into the flour as it flows through 
the conveyor.
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Things to Consider:
      New Mills can be designed or adapted to allow easy installation of     
      gravity feeder locations. Older Mills may be configured in ways that      
      makes installation of this type of system difficult. 

Advantages of the Gravity Feed System:
      Requires less equipment than pneumatic conveying.
      The feeder can sit directly on top of a flour collection conveyor, on a  
      platform.
      It can be installed on floor directly above the collection conveyor

Figure 26. - Gravity delivery system

Premix addition systems - Batch
 
Batch systems - The premix is measured 
out and is put into a batch of flour 
and blended with a mixing device. 
Fortifying within a batch system can be 
slower and more labor intensive than 
other methods. There are:- Inline batch 
mixers and standalone batch mixers.

The blending time will need to be 
determined using an experimental 

design that uses mixing times, sampling 
in at least 6 different locations in the 
mixer (top, middle and bottom) and 
quantitative analysis using iron as 
the marker (if iron is in the premix)
Batch systems are predominantly 
used in small scale fortification 
processes with capacities of less 
than 1 metric ton per hour of flour.



43  |  FOOD FORTIFICATION HANDBOOK

Figure 27. - Batch mixer
Courtesy of Buhler

Premix addition systems – Small Scale 
fortification

A high number of the population in rural 
areas rely on subsistence farming of 
Maize. They therefore mill their maize 
flour at local hammer mills. Small scale 
milling is usually done in 3 – 20kgs 
batches of grain to last up to 14 days. 
Small Scale fortification is 
important for the following reasons: 

1) Lack of access to fortified 
flours from large processors – due to 
reduced distribution networks, cost of 
distribution vs sales volumes, the extent 
of packaged flour distribution does 
not reach all rural based communities 

2) Subsistence agricultural 
practices – growing of maize as a 
staple is done at a non-economical 

scale. Therefore most rural communities 
consume what they have grown. 

3) Lack of dietary diversification 
– due to the low income levels, 
purchasing foods with diverse 
nutrition benefits are limiting. Hence 
reliance on staples like maize.

In small scale fortification premix 
can be added prior to milling (to 
the grain) or after milling. 

a)    Calibrated scoop/spoon to 
measure an amount proportional 
to the weight of grain, or  

b)    A sachet, containing an 
amount appropriate for a set 
weight of grain, or  

c)    A small dosifier that dispenses 
an amount proportional to the 
weight of grain flow. (refer to 
dosifier information for continuous 
premix addition)

In methods a, and b, and appropriate 
batch mixer is required to ensure proper 
dispersion of the nutrients in the bulk. 
The premixes used should be designed 
for small scale fortification. If not, 
then pre-blending / dilution should be 
carried out as the premixes are too 
concentrated for fortification to small 
amounts of flour. (refer to notes on premix 
manufacturing later in this chapter)
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Typically, inspection and maintenance of premix feeders and control 
equipment is minimal, but will vary depending on feeder type. 

Manufacturers should provide specific inspection and maintenance 
information with the machines (check on delivery). 

Instructions may need to be translated into national language if not done 
by manufacturer. 

Manufacturers can be consulted to learn what parts may wear out and 
how they can be obtained. 

A stock of high turnover spare parts should be ordered and kept on hand. 

There should be a documented preventative maintenance schedule in use 
by the factory.  

As good practice there should be a startup checklist at the beginning of 
production operations.

Maintenance of continuous systems and batch systems

Premix addition – Edible Oils/Fats 

The primary nutrients added to edible fats 
and oils are Vitamin A, D, E and K. This is 
because of their solubility in fats and oils.

Vitamin A being a nutrient of concern 
in Kenya is the mandatory nutrient as 
legislated. Though some refiners in 
addition to Vitamin A, add, Vitamin D and E.
Oil fortification consists of 
adding the appropriate nutrient 
in degassed oils at 45oC to 50oC.
The premix is added after 
refining and just before packing.

Figure 28. - Refined oil storage tanks with 
dosing tank

o o
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In the batch fortification process the 
addition can be done through mixing 
the premix in an agitator tank (premix 
station) or recirculation the oil using 
a pump after pouring the premix into 
the batch.  The figure below shows the 
dosing and mixing process using an 

agitator.  This method helps minimize 
frothing thus reducing chances of 
oxidation. Homogeneity can be obtained 
by thorough mixing. Final vs theoretical 
concentration of the vitamins added can 
be determined through trials & testing.

(Source - “Food Fortification BASF - Flour Fortification”. Food-fortification.com. N.p., 2016.  
Web. 13 Apr. 2016)

Figure 29. - Simplified process of batch fortification of oil

Changes in Vitamin A in fortified fats/oils
Vitamin A is highly unstable due to 
oxidation; therefore there is a need to 
add anti-oxidants to the oil to reduce 
the incidences of oxidation. Oxidation 
also affects the oil reducing its quality.  
 
“To maintain Vitamin A activity, fortified 

oils need to be packaged in light-
protected, sealed containers. Replacing 
the container headspace with inert gas 
will help with the stability of both the oil 
and the vitamin A prior to the container 
being opened.”7  Where the technology is 
lacking overages are used to compensate 
for vitamin A losses during storage.

“7 – Fortification basics, Oils and margarines – DSM; https://www.dsm.com/content/dam/dsm/nip/en_US/documents/oils.pdf”

(7)
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Premix manufacturing 

Determining which vitamins and minerals 
will be added and in what amounts for 
fortified flour in a country is a complex 
process that requires the expertise of health 
specialists, nutritionists, millers, bakers 
and food manufacturers, international 
donors and the national government.

The actual specifications of the premix 
are determined by the experience of the 
premix manufacturer and the needs of 
the producer to ensure that the flour 
produced meets a regulated minimum 
standard set by the government. 

In Kenya premix manufacturers 
are regulated under the standard 
KS 2571:2014 which provides the 
requirement for supply of premixes.

Figure 30. 
- Vitamin A 
stability
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During premix manufacturing the following factors are considered:

Nutrient concentration of the different forms of fortificants: Some vitamins   
and minerals are available in multiple forms, and the concentration of            
vitamins and minerals varies among these different forms. This variation    
must be accounted for in determining how much of each nutrient to add. 

Premix addition rate and bulk density: The bulk density of the premix will  
affect the addition rate and vice versa.  

Overages: Commercial premixes may have extra amounts of fortificants to    
control for losses in nutrients throughout the fortification process.

1)

2)

3)

Ideally, the premix feeder in the mill 
should be set to operate between 20 and 
80% of the full capacity. In some cases 
millers may find that the flow of flour to be 
fortified is so slow as to require operation 
less than 20%, even when using all the 
adjustments available in screw size and 
gears changes. In that case the miller 
may want to consider making a dilution of 
the premix. (Mills running at a capacity of 
less than 1 Metric ton per hour of flour.)

A pre-blend is a diluted premix which may 
also be needed if the premix is not feeding 
uniformly or properly for some reason. 
This is also called bulking. To make a 
pre-blend, use a small manual mixer 
to mix maize flour or wheat semolina 
(granulated flour) with the premix. 
An example would be 1 part premix and 
4 parts semolina. The resultant pre-blend 
would then be used at a higher addition rate 
of the original premix (or 1000 grams/MT 
if the premix was specified at 200 g/MT).  
 
Pre-blends have a limited shelf life of 
only a couple weeks, so the amount 
produced or delivered to a mill should 
not exceed a two week supply.

Figure 31. - A manual V-mixer for small 
scale mixing
(Source- http://www.ffinetwork.org)

Premix handling - Manufacturing

Overages - Some added vitamins and 
minerals may be lost during manufacturing 
due to exposure to heat, oxygen and light. 
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Manufacturing overage; Premix manufacturers 
usually include individual premix fortificants at 
levels approximately 2% to 5% higher than listed 
on the label to ensure that the premix meets the 
label claims.

Factory overage; Mills/refineries usually add extra 
amounts of the premix or individual nutrients to 
the flour to ensure that the final fortified flour 
meets the label claims. This is done to account 
for variation in the natural level of vitamins and 
minerals in the flour and it makes up for any 
processing or storage losses.

1)

2)

Some very light or small particle size 
materials with large surface area may be 
physically removed with the dust during 
pneumatic suction. Larger particles 
may be removed during sieving. Such 
milling losses need to be factored in the 

calculation of each nutrient to include in 
the premix to meet a minimum standard 
in the final product. This compensation 
is called overage, and can be either 
manufacturing overage or factory overage.

Premix handling – Factory (Mill/Refinery) 

a)    Procurement 

Suppliers who have complied with KS 2571:2014 “Food fortification premix – 
Requirements for supply in Kenya” are listed for Premix supply in Kenya. The list is 
available at the Ministry of Health, Department of Nutrition.
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The mill’s purchasing department should keep details of the supplier on file which 
consists of the following:

The name and 
address of the 
supplier, company 
or organization.

The standard 
amount of the 
premix that is 
ordered

The name and 
phone number of the 
principal contact to 
who the order should 
be directed.

The price history of 
the premix

The name or type of 
the premix to order

The method and 
time of delivery

Sufficient stocks of premixes should always be maintained. A reordering point in 
inventory levels should be specified in the mill quality assurance plan to trigger the 
purchase order, but production schedules should also be regularly consulted.

b) Receiving Procedures
The processor should come up with 
premix receiving procedures which 
should include the following: 

     Inspect the premix boxes for any  
     damage and record results 

     Record date received and the name of  
     the person receiving. 

     Record the lot numbers, type or name   
     of product and number of boxes or  
     total weight and check against what  
     was ordered. 

     Check for a certificate of analysis  
     (CoA) and put it in a fortification file.  
     This may be on one of the boxes or  
     sent separately (fax or email). 

     Record all of this information on       

a “Premix inspection form”. (Refer to  
handbook appendix 2) 

     Ensure the supply of premix is 
accompanied by a “Certificate of 
Analysis or Quality or Conformity” (CoA/
CoQ/CoC). Check the contents of one 
box of each lot received to see if the 
appearance is normal. It is recommended 
that a first-expiry, first-out (FEFO) system 
of stock rotation be employed since the 
vitamins in the fortificant premix have 
a limited shelf life. Unopened packages 
of premixes containing Vitamin A have 
an effective shelf life of six months in 
warm climates. The shelf life of premixes 
containing minerals and only B vitamins 
(no Vitamin A) is up to one year if 
unopened.
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c)    Product information data Sheet  
 
This document should be kept on file 
at the mill/refinery and made available 
to all operating and quality control 
personnel. This document is also called 
the material safety data sheet (MSDS). 

The name of the premix 

The name and contact  
information of the manufacturer 

The intended use of the premix 

The ingredient composition 
of the premix –usually in 
descending order 

The food grade status of the 
ingredients used,  

The recommended addition 
rate of the premix to flour or 
fats and oils and the levels of 
micronutrients added at that 
rate 

The minimum assay standards 
for the premix, and maximum 
assay standards if any exist 

Storage and handling 
instructions  

Allowable storage periods or 
shelf life of premix 

Occupational Safety hazards 

Side effects 
First Aid Measures
Recommended PPE
Transport precautions
Environmental concerns
Disposal Methods

a)

b)

c)

d)

 
e)

f)

g)

h)  

i)

j)

k)
l)
m) 
n)
o)
p)

d)    Certificate for Premix
The CoA/CoQ/CoC is the official 
documentation of premix quality, and 
should include:

Chemical assay of the premix batch 
for each nutrient contained (except 
for vitamin B12 if present, whose level 
can be verified by audit rather than 
actual assay).  

It may indicate the minimum and 
assay standards for that premix as 
reference. 

Batch or lot number 

Date of manufacture and expiration 
date or “use by” 

GMO or allergen status

e)     Compatibility with other additives- 
Some flour mills add small amounts 
of bleaching agents and improvers to 
flour, such as enzymes and oxidants. 
Even though it might be tempting 
to add improvers and fortificants 
with the same feeder, this is NOT 
recommended, for the following reasons:

Quality is compromised as addition 
of fortificant should be constant but 
improver addition rates are adjusted 
to meet specifications. 

Shelf life of vitamins may be altered if 
combined with improvers in a highly 
concentrated mix in the feeder. 

Some fortificants can react with 
benzoyl peroxide and degrade the 
nutritional value of the premix.

Information provided in the MSDS 
should include: 
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Figure 32. - Example of carton storage
(Courtesy of DSM)

f)     Segregation of premixes & other 
additives during storage 
It is helpful to segregate boxes of 
premix and improvers. This could be 
done with color coding or clear labeling. 
Also there should be clear separation 
and isolation of expired product.

g)     Storage 

Vitamins in the premix have a 
limited shelf life and over time their 
biological effectiveness is reduced. 
Typically premixes are packed in 
a polyethylene bag inside a heavy, 
cardboard box.  

Once a bag of premix is opened, 
exposure to light, air and high 
temperatures should be minimized 
to prevent product degradation. 
 
Keep to supplier recommended 
storage conditions. 
 
Access to the storage facility must 
be controlled. 
 
Cartons should be stored raised off 
the floor for example on pallets. 

Within the store the premix on 
cartons should 18inches away from 
walls, to allow cleaning access. 

Pest access needs to be controlled 
to avoid contamination of the 
product. 

Materials used to construct the 
store should easy to clean, and non-
absorbing. 

There should be drains that remove 
excess water from the store
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.....................................

COST OF FOOD FORTIFICATION 
– MAIZE and WHEAT FLOUR

CHAPTER 5.

The purpose of cost analysis is to estimate the increase in cost, per metric ton/kg, 
due to fortification. 

Basic pricing in fortification of maize flour, wheat flour or edible fats and oils need to 
take into account the following:

1.)     Capital investments including premix addition equipment, mixing equipment  
          (auger) and any additional laboratory equipment and subsequent depreciation.
2.)     The premix
3.)     Running costs e g. Laboratory consumables, power costs
4.)     External testing for validation

Additional costs when starting to fortify  Recurrent costs 

Production line training  

Quality control  

Premix ordering and handling,  

New package labels 

Marketing costs for the new product 
to wholesalers and major flour 
product producers (bakers, etc). 

Costs of premix  

Added production line costs related 
to premix addition eg electrical power 

Added costs of additional quality 
control tests

* Disclaimer: All cost information represented in this section is general 
and should be used with caution. Actual costs may vary by as much as 
30% and are dependent on manufacturer, location, amount ordered, etc

“
”
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MAIZE FLOUR BASIC PRICING – 24MT/Day 

Assumptions
1)     Milling 24 metric tons per day
2)     Cost of Micro-doser is Kshs 400,000
3)     Depreciation of Micro-doser is 5 years
4)     Cost of premix is Kshs 400 per metric ton
5)     Internal testing, 4 times a day, using iCheck Chroma for Iron, with existing   
         laboratory personnel – Kshs 1,500 per test.
6)     External testingb , every quarter, costs Kshs 1000 per test (done in duplicate)

Item                                       Cost/Metric ton (Kshs)           Cost per Kg (Kshs)

Micro-doser 
depreciation

1

2

3

4

Premix cost

Internal testing

External testing

11.1

400

2.6

0.9

0.01

0.40

0.01

0.001

TOTAL 414.6 0.41

Table 7. - 24 Metric ton/day flour fortification costs 
(based on 2016 data)

MAIZE FLOUR BASIC PRICING – 3MT/Day 

Assumptions
1.)     Milling 3 metric tons per day
2.)     Cost of a dosifier is Kshs 250,000
3.)     Depreciation of dosifier is 5 years
4.)     Cost of premix is Kshs 400 per metric ton
5.)     External testingd , every 6 months, costs Kshs1000 per test (done in duplicate)

Notes
a – Micro-doser costs vary from Kshs100,000 to Kshs1.5Million depending on complexity
b – External laboratory test vary depending on number of nutrients analyzed. 
c – refers to the Sanku dosifier
d - External laboratory test vary depending on number of nutrients analyzed 

(a)

(b)

(c)

(d)
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Item                                       Cost/Metric ton (Kshs)           Cost per Kg (Kshs)

Dosifier depreciation 55.6 0.06

Premix cost 400 0.40

External testing 0.225 0.001

1

2

3

TOTAL 455.8 0.46

Table 8. - 3Metric tons/day flour fortification
 (based on 2016 data)

FATS AND OILS BASIC PRICING – 50 MT/Day
Assumptions
1.)     Capital costs include a premix tank, pumps and piping, iCheck Chroma test kit   
          -  Kshs1,300,000
2.)     Depreciation of equipment is 5 years
3.)     Cost of premix is Kshs 415 per metric ton (Vitamin A 1Mill IU/gm)
4.)     Internal testing, 2 times a day, using iCheck Chroma for Vitamin A, with existing  
          Laboratory personnel – Kshs 1200
5.)     External testing, every month, costs Kshs1000 per test (done in duplicate)
6.)     Other costs – training of personnel

Item                                       Cost/Metric ton (Kshs)           Cost per Kg (Kshs)

Equipment depreciation 17.3 0.02

Premix cost 415 0.41

Internal test

External testing

48

0.63

0.05

0.001

1

2

3

4

TOTAL 480.93 0.48

Table 9. - Vegetable oil fortification costs (metric ton / day)
(based on 2016 data)
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Premix Costs 

The major recurring cost of flour, fats 
and oils fortification is in the vitamin/
mineral premix added to the flour/

oil on the production line. Different 
vitamins and minerals have different 
costs, as do different forms of some 
vitamins and minerals, so premix 
cost varies based on the ingredients.

Premix Cost per Kg of Premix (Kshs)  
in 2016 

Cost per MT of product(Kshs)  
in 2016

800

1000

5000

400

500

415

MAIZE 

WHEAT 

Vitamin A 

Table 10. - Premix costs in Kenya. 
 
These will vary from one supplier to another. For Vitamin A refers to 1milllion IU/gm 
concentration

Laboratory Expenses
Most mills use well established qualitative testing methods, eg iron spot check 
test. External facilities can be used to validate the internal test methods. Cost of 
laboratory is negligible if already established. 
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.....................................

QUALITY ASSURANCE IN  
PROCESSING AND FOOD  
FORTIFICATION

CHAPTER 6.

Importance of QA/QC:
Production of fortified fours and 
edible fats & oil products require 
additional Quality Assurance/Quality 
Control (QA/QC) measures over what 
the processor is accustomed to 
with regular, non-fortified products. 
 
Manufacturers who fortify food 
products need to accept and practice 
these additional QA/QC requirements 
because they will come under closer 
scrutiny by both their customers 
and government regulators to make 
sure that the product is conforming 
to the fortification requirements. 

The application of QA and food 
safety principles to Food Fortification 
is necessary because we owe the 
consumer a wholesome product that 
delivers what is offered on the label.

Quality: The composite of material 
attributes, including performance features 
and characteristics of a product or service, 
needed to satisfy a customer’s given need. 

Quality Assurance (QA): A planned and 
systematic pattern of all actions necessary 
to provide confidence that adequate 
technical requirements are established, 

that products and services conform to 
established technical requirements, and 
that satisfactory performance is achieved. 

Quality Control (QC): The overall 
system of technical activities whose 
purpose is to measure and control 
the quality of a product or service 
so that it adheres to specifications 
that meet the needs of its users. 

Indicator nutrient: The use of a single 
nutrient in flour as an index of all the 
micronutrients added by a fortification 
premix. Given that the indicator 
nutrient is within specification, it 
follows that all the other micronutrients 
should be as well, provided that 
the fortification premix is correct. 

Spot/Grab samples: A sample taken 
at a single point in the process.

Food Safety: Concept that food will 
not cause harm to the consumer 
when it is prepared and/or eaten 
according to its intended use. 

Internal quality control: Quality control 
and Assurance practices conducted 
by producers, importers and packers.

External quality control: The inspection 
and auditing activities carried out at 
production centers (for factories and 
packers) and importation custom 
sites usually by regulatory bodies.
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QA/QC Objectives:
1)     To conform to government 
         regulations or customer  
         specifications
2)     To control costs
3)     To assure product safety
4)     To satisfy customer expectations
5)     To avoid regulatory action or bad  
         publicity for non-conformance
6)     To deliver what is offered on the  
         label

How to achieve the objectives
Through Good Manufacturing Practices 
and correct fortification premix being 
adequately and uniformly added to 
the correct flour, oil or fat and not in 
excessive amounts as to cause safety, 
product quality or cost problems.  

Fifty years of experience has proven 
that fortification is very safe and has 
minimal risks that are easily controlled 
by established quality assurance and 
control procedures. 

Establishments shall develop, document 
and implement an internal quality system 
that will ensure the products will comply 
with the relevant national standards and/
or regulation. 
 
These should cover:

a)     Premixes
1)     Receipt of all premix/fortificants.
2)     Movement of premix/fortificants to  
         and from store (FEFO).
3)     Dispatches made to the production.
4)     Storage conditions of premix/     
         fortificants.

b)     Production  Site
1)     Compliance to the stipulated     
         hygiene conditions.

The production/quality control team shall 
verify the accuracy of the flow diagrams by 
on-site checking and records maintained.

Receipt Inspection

Storage of Fortificant

Dilution and 
processing

Confirmation of 
the Technical 
Specifications

Figure 33. - QA/QC Control points

2)     Calibration of the equipment.
3)     Inspection /verification of dosage.
4)     Production log (Time and date of 
production, amount of product produced, 
amount of premix used and product/
premix ration and the name/officer 
responsible)

c)     Flow diagrams, process steps
1)     The sequence and interaction of all  
         steps in the operations.
2)     Any outsourced processes and  
        subcontracted is shown.
3)     Where raw materials, ingredients  
and intermediate products enter the  
flow.
4)     Where reworking and recycling take  
         place, and
5)     Where end products, intermediate 
products, by-products and waste are 
released or removed.
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Commercial Retinyl Palmitate
Retinyl palmitate is an ingredient composed of palmitic acid and retinol (Vitamin A). 
Two concentrations available: 
a) 1.7Million IU/g 
b) 1 Million IU/g
Addition rate depends of concentration of fortificant

Using 1.0Mil IU/g = 300,300μg/g retinol
=300mg retinol per gram of fortificant
Target 15mg/Kg = 15,000mg/ton = 
50g of fortificant retinyl palmitate per ton

Vitamin A –Units
      1 Retinol Equivalent (RE) = 3.33 IU
      IU = International Units
     1RE = 1μg retinol = 6 μg beta-carotene
     1RE = 1μg retinol = 12 μg other  pro-vitamins

Production records
The Production department should keep updated and adequately filed records of:
      The calculations done for premix addition,
      Amount of product produced 
      Amount of fortificant used 
      Description of actions taken during production to keep the fortification process 
performing as expected

External QA/QC
This process involves inspections/audit by a “third” eye who is not familiar with the 
current process, and therefore can offer advice to the client on changes beneficial to 
the process.

Fortificant  (g/MT oil) = [Average Vit. Content in oil (mg/kg) / Vit. A content in 
fortificant (g/kg) ] x 1000

Determining Quantity of Fortificant (Vitamin A example) 
If the required average content of vitamin A is 35 mg/kg (3.5 mg/100 g), and the 
fortificant has a vitamin A content of 510 g/kg, the amount of fortificant to use per 
metric ton of oil is:
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Reasons for External QA/QC
a)    Establishments producing 
fortified food products shall be visited 
for inspection with intent to ensure 
compliance to regulatory limits as 
established. 

b)    This visit shall be carried out at 
least once in three (3) months and more 
frequent where the laboratory test result 
consistently fails to comply with the 
regulatory limits. 

c)    During the inspection the inspector 
is expected to confirm:

The implementation of the 
documented food production/safety 
system. 

All the records required are generated 
and documented according to the    
establishment’s policy.

Site Audits
Audits of the factory is carried out by 
Kenya Bureau of Standards 

Areas to assess: 

Checklist of technical audit and 
inspection visit of factories 
Aspects covered in the audit:-
      Cleaning and sanitation 
      Personnel
      Written procedures
      Fortificant management
      Fortification process
      Finished product

Quality assurance of the fortificant 
compound receipt, storage and 
delivery  

Quality assurance of the fortification 
process. 

Quality control of fortified product.

Actions following assessment:
The actions will vary from advice on 
areas requiring improvement, warnings, 
to legal actions as follows:
a)    When the non-compliance is minor, 
technical advice will be provided and 
follow-up done. 

b)    When major non-compliance is found 
during a visit, a letter will be sent to the 
factory stating the issues identified and 
the need to correct the issue(s) 

c)    If the factory has not taken any 
action to solve the problem or if there is 
proof that incompliance is intentional, 
action should be taken against the 
factory - warning or legal action such as 
a fine. 

d)    Certificate renewal for compliance

Refer to Audit report Sample in Appendix 7.

Sampling plan- flours
The following is a procedure for picking 
a sampling of flour for testing of the 
mineral - Iron

Take 500g samples of flour every 
hour, and check using the iron-spot 
test that the micronutrient premix is 
being delivered.  

Prepare composite flour sample 
by mixing all the hourly samples 
of the shift. Label it with the date, 
hours of shift, and batch numbers if 
applicable. Send the shift composite 
sample to the laboratory.
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     Select randomly two daily-composite 
samples and send to an external 
reference laboratory for the quantitative 
determination of iron and vitamin A. The 
frequency of this analysis will depend on 
factory tonnage as follows:

If production is less than 20 MT per  
day, take 2 samples every 6 months.
For production 20-50 MT, test 2           
samples every 3 months and 
For production above 50 MT, test 2 
composite samples every month

(i)

(ii)

(iii)

Sampling plan- Oils
Fortificant: At least once a month, 
take two 30g samples from the 
cans and send them to an external 
laboratory to confirm the vitamin A. 
    
Product: Prepare a composite sample 
by collecting 200 mL of oil every hour, 
and placing in an opaque 2-Ltr container. 
 
Semi-quantitative analysis should 
be done hourly for each sample. 

In the laboratory, mix well and take 
50g to use for the determination 
of retinol concentration using the 
“Semi-quantitative method for 
determining retinol in fortified oil”. 8

Analytical testing
Samples should be tested to verify 
that it has been properly fortified. 
Three types of testing are possible:

8 – Guamuch, Monica, Phillip Makhumula, and Omar Dary. “Food Control Manuals - Laboratory 
Methods For Fortified Foods - Part II”. Ecsahc.org. N.p., 2016. Web. 13 Apr. 2016.

a) Qualitative tests: Show simply the 
presence or absence of an added 
micronutrient. An example is the black 
light (uv light) test for riboflavin. This 
type of test is used to see if a flour 
sample has been fortified or not.  

b) Semi quantitative tests: Gives a 
rough indication of the level of an added 
nutrient. Examples are the iron spot test 
and a color test recently developed for 
vitamin A in flour. This type of test tells 
whether the level added is low, normal or 
high.  For example the iron spot test 

c) Quantitative tests: Gives an actual 
value for the level of micronutrient 
in the sample. Quantitative tests 
generally measure total content or 
both the natural and added levels. 

Iron spot test
The iron spot test is universally 
used by Millers to check whether 
flour has been properly fortified. 

Food 
sample 
results

Fe (ppm)
Figure 34. - Iron spot test results

(8)
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It is a simple, inexpensive, semi-
quantitative procedure that should be 
run on fortified flour on a regular basis, 
typically every 2 or 4hours for a large 
Mill and once a day for a small Mill. 

The iron spot test can also indicate 
whether the iron being added is reduced, 
elemental iron (structural), or a salt 
(ferrous sulfate or ferrous fumarate salts), 
in case the Mill is adding both types. 
 
While this test is only for iron, it can be 
assumed that if the iron is correct, the other 
added micronutrients will be correct as well 
since they are added as a single premix.

Figure 35. - Particles of iron in a tested 
sample

Rapid Tests
Test kits have been developed for the 
exact and fast determination of vitamin 
A in fortified edible oil. Also available are 
test kits for Iron, Zinc and Iodine. 

 Precise - Within less than 1 minute 
determines the exact level of the nutrient. 
(Time dependent of nutrient being 
assessed.) 
Portable -Test kit is portable and can be 
used without any laboratory equipment.
Simple and fast.  
 
The analysis takes just three easy steps: 
a)   Injection, 
b)   Reaction, and 
c)   Measurement. 

Figure 36. - iCheck Chroma kit for Vitamin 
A testing in oils
(Source - http://www.bioanalyt.com)

Refer to appendix 8 for more links to 
tests.
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Situation            Possible causes          Possible actions

One nutrient is consistently 
high or low but the others 
are okay.

High variability (CV) of 
all nutrients but their 
relationship to each other 
stays relatively constant.

Low thiamin (Vit. B1) but 
other nutrients okay.

Low riboflavin or folic acid 
but other nutrients okay.

Low iron but other nutrients 
okay 

Low vitamin A but other 
nutrients okay.

Over or under dosing

• Wrong premix 
formulation,
• High analytical bias on 
the problem nutrient.

This is indicative of high 
process variability rather 
than analytical error.

Thiaminase enzyme in 
maize meal, High pH (>8)

Exposure to ultraviolet 
light.

• Low natural iron levels,
• Magnetic separation,
• Pneumatic separation

Vitamin A separation, 
Poor quality vitamin A.

Micro feeder malfunction

• Reformulate premix,
• Check accuracy of 
method

Check for causes of 
process variability such 
as erratic flour flow 
rate, high frequency of 
chokes and pneumatic 
separation.

Use different source of 
maize.

Protect flour and 
samples from light 
exposure.

• Reformulate premix,
• Use non-magnetic iron,
• Add premix at different 
point.

• Reconfigure point of 
addition,
• Use premix with better 
quality vitamin A.

Calibrate micro feeder

Troubleshooting flour fortification 

Table 11. - Troubleshooting grid
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GLOSSARY

Food Fortification: is the practice of deliberately increasing the content of an 
essential micronutrient, i.e. vitamins and minerals (including trace elements) in a 
food, so as to improve the nutritional quality of the food supply and provide a public 
health benefit with minimal risk to health. 

Micronutrients: Micronutrients are essential food factors needed in small quantities 
by the body that enable the body to produce enzymes, hormones and other 
substances essential for proper growth and development. As tiny as the amounts are, 
however, the consequences of their absence are severe 

High extraction Flours: The yield of flour obtained from wheat in the Milling process. A 
100% extraction (high extraction) is whole meal flour containing all of the grain; lower 
extraction rates are the whiter flours from which progressively more of the bran and 
germ (and thus B vitamins and iron) are excluded, down to a figure of 72% extraction, 
which is normal white flour. 

Malnutrition: Malnutrition is the condition that develops when the body does not get 
the right amount of the vitamins, minerals, and other nutrients it needs to maintain 
healthy tissues and organ function. 

Macronutrients are nutrients that provide calories or energy. Nutrients are substances 
needed for growth, metabolism, and for other body functions. The 3 main macro 
nutrients are carbohydrates, proteins and fats/oils 

Mass Food Fortification - consists of the addition of micronutrients to edible products 
that are commonly consumed by the general public, such as cereals, oils and 
vegetable fats, milk, sugar, and condiments.  

Market-driven Food Fortification - refers to voluntary practices of the food industry to 
increase the nutrient content and added value of a highly processed product with the 
purpose of attracting consumers and increasing sales 
 
Nutrient: Substance in food that provides structural or functional components or 
energy to the body.
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Premix: is any blend of micronutrients in a concentrated form (vitamins and minerals) 
used to fortify or enrich foods at the production plant, in this case a wheat flour or 
maize flour mill. 

Rancidity: deterioration in fats and oils resulting in an unpleasant flavour and smell.
Targeted Food Fortification - is the practice of adding sufficient amounts of 
micronutrients to provide large proportions of the daily needs through foods designed 
for specific population subgroups, such as complementary foods for infants, foods for 
institutional programs such as those aimed at pre-school and school-aged children 
and foods used under emergency situations. 

Vitamins are organic components in food that are needed in very small amounts for 
growth and for maintaining good health.

Dosing Machine – equipment that measures or meters a set quantity of liquid or solid 
continuously into bulk product.
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Fortification basics, Oils and margarines – DSM; https://
www.dsm.com/content/dam/dsm/nip/en_US/documents/
oils.pdf
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Appendix 1 - Fortificant Inventory Log (Sample)

Appendix 2 – Premix Inspection Form (Sample)
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Appendix 3 – Production Log (Sample)

Appendix 4 – Weekly Food Fortification Equipment Check 
(Sample)
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Appendix 5 – Oils; Production and Quality Log (Sample)

Appendix 6 – Feeder flow control for Flour (Sample)
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Appendix 7 – Audit report (Sample)

Appendix 8 – Principles of Analysis procedures

Reference can be made to the following website for analysis methods:-
http://www.ecsahc.org/downloads/ (Food Controls Manuals)
•    Manual for internal monitoring of Fortified Maize flour
•    Manual for internal monitoring of Fortified Wheat Flour
•    Manual for internal monitoring of Oil Fortified with Vitamin A




