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Bread: A staple food
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Bread and cereals
The fundament of a healthy diet
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Thiamine sources In the diet
Bailey A, et al, Br J Nutr 72:111-25, 1994
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The wheat grain
Nutrients lost during milling

* Nutrients lost during
milling:
— Thiamine
— Riboflavin
— Niacin
— Folic acid
— lron
— Zinc

Vitamins
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Vitamin losses during milling of wheat
flour

Percent losses
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Principles of food fortification
Codex Alimentarius

Nutrients shall be added to foods for the
purpose of:

« Restoration of nutrients lost during food processing and
milling
* Nutritional equivalence for food substitutes

* Fortification for prevention of low intake and
micronutrients deficiencs

e To foods for special nutritional purposes.
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Food fortification: Examples of highly
successful interventions
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Micronutrient

lodine
Vitamin D
Vitamin A

Vitamin B1,B2,
niacin, folic acid

Vitamin A

Food vehicle

Table salt

Milk

Margarine

Flour, corn meal,
cereals

Sugar

Country

Switzerland 1923
UK, USA 1933
Denmark 1930

USA, UK 1941
Folate: 1998

Guatemala 1974
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Health benefits of vitamins added to
flour and bread

Vitamins



General health benefits of food
fortification

*Reduces child mortality

*Enhances child growth and development
*Enhances physical and intellectual performance of
children

*Reduces maternal mortality

*Eliminates nutritional blindness, goiter and

cretinism
eReduces the risk for chronic disease In later life.
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Health benefits of B-Vitamin fortification
Vitamin B1, B2, B6, niacin, folic acid, B12

* For neurological & psychomotor development
 To improve learning and cognitive functions

e For prevention of anemia

* For prevention of birth defects (e.g. spina bifida)

* For prevention of cardiovascular disease & cancer

e To enhance immunity.

Vitamins
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Health benefits fortification

lron

To reduce iron deficiency anemia in children
and women

To reduce anemia related fatigue and lethargy
To enhance brain development and cognitive
functions

To reduce maternal mortality at birth

To enhance immunity.
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Health benefits
Vitamin A

* Prevention of nutritional blindness

* Reduction of child mortality

 Reduces maternal mortality

e For normal growth and development

 For enhancement of immunity and mucosal integrity
 Reduces severity of diarrhoe

 Reduces anemia
 Reduces fatality rate in measles

Vitamins
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Vitamin A and beta-carotene supplementation
reduces mortality in pregnant women

(NNIPPS-2 Study Nepal)

Relative risk

0.9-

0.8

0.7

0.6 -

0.5
0.4
0.3
0.2
0.1

NAVAVA VAN

placebo vit A

Dose: 7000 RE once per week

West, KP et al, XVIII IVACG Meeting

1997

beta-
carotene

vit A+bc

.

Vitamins

15



Folic acid
Health benefits

» Reduction of birth defects by 30 to 40 percent

* Lowering of plasma homocysteine - a new risk factor for
cardiovascular disease and stroke

* Reduction of total mortality (Hordaland County Study Norway):
— Lower mortality in persons with low homocysteine levels (<
9.0 micro moles per liter)
— Each increment of 5 micro mol homocysteine is associated
with a 49 % increase in mortality.

Vitamins
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Neural tube defect
Spina bifida

J
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Folic acid addition level to flour,
bread and cereals

Cereals, flour, bread Folic acid mcg/ 100 g

Bread, bakery products 95

Flour 154

Corn meal 154 - 220

Rice 154 - 308

Pasta 198 - 264

Vitamins
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Flour and bread fortfication with folic
acid reduces birth defects

Vitamins
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Declining rates of NTD’s in South Carolina
1992-1998 following the introduction of folic
acid supplementation
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http://www.cdc.gov/ncbddd/folicacid/
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Fortification concepts for flour, bread
and cereals

e 5 B-Vitamins: B1, B2, B6, Niacin, Folate

« 5 B-Vitamins plus iron

e 5 B-Vitamins, plus Vitamin A & iron

.

Vitamins

23



Fortification concepts for flour,

bread and pasta

Vitamins &
minerals
B-Vitamins

lron

Vitamin A

Calcium

Zinc

Flour

X

X

In countries
with low intake

optional

optional

Bread

X

X

In coutries with
low intake

optional

optional

optional

optional

J

Vitamins

24



Nutritive value of enriched bread vs.
white or whole wheat bread

Vitamins

% RDA per 100 gram bread (3 slices)
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Thiamin Riboflavin Niacin Iron
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Vitamin premix addition to flour

 Vitamin premixes for four enrichment

 Dosage

« Vitamin stability

Vitamins

26



ROVIFARIN F

Premix: 4 B-Vitamins plus iron

Ingredients Gram per kg Label claim per 100
premix g flour *

Thiamine 49.528
Riboflavin 36.200
Folic acid 18.100

Niacin 481.350
lron 393.323

* Addition rate: 70 grams premix per 1000 kg flour (1 MT)

J

Percent of RDA
Per 100 g flour
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20
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Modern high throughput milling
facility

Vitamins
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Vitamin dosage equipment for small
to medium size mills

@ BUHLER
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Quality control of fortified flour
Sampling device

Vitamins
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Content uniformity of fortificant in
final product
* Flowability of premix

Vitamins

» Particle size and shape

e Mixing equipment and mixing procedure

— Additition rate
— Pre-dilution of premix

e Quality control procedure
— sample size and frequency
— analytical variability

Content uniformity will improve with time and

experience
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Shelf life of flour
Factors affecting shelf life

* Flour extraction rate, lipid content
e Flour moisture (water content)

e Quality of premix
— Iron, zinc compound dessicated, no crystal water

— selection of ingredients e.g. carrier

« Storage conditions (temperature, humidity)

Vitamins
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Vitamin stability in fortified flour

Vitamin Initial Storage Storage
6mts,RT 4w,45dC
Vitamin A (IU)

Vitamin E (IU)

Vitamin B6 (mQ)

Folic acid (mcg)

Source: Roche Vitamins

J
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Vitamin stability in bread made of
fortified flour

Vitamin Label claim  Content Content 5 days
after baking storage at RT
Vitamin A (1U)

Vitamin E (IU)

Vitamin B6 (mgQ)

Folic acid (mcg)

Source: Roche Vitamins

Vitamins
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Iron
Iron salts suitable for flour fortification

 Elemental iron, reduced (fine particle size)

 Iron pyrophosphate
 Iron fumarate (for biscuits, rusks & crackers)

Vitamins
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Relative bioavailability of iron compounds O
used in food fortification

Iron compound Relative Relative cost
bioavailability

Ferrous sulphate

Ferrous gluconate

Ferric orthophosphate

Ferric pyrophosphate

Hemental iron

Ferrous succinate
Ferrous fumarate
Ferric saccharate

Adapted from Hurrell R; Nutr Rev 60:7, S7-S15, 2002

Vitamins
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lIron
Dietary factors affecting iron absorption

« Enhancers of iron absorption:

— Meat (heme iron)
— Vitamin C
— Fruits and vegetables rich in Vitamin C

* Inhibitors of iron absorption:
— Cereals with a high content of phytic acid (whole
wheat, corn, millet)
— Soybeans high in phytic acid
— Tea rich in tannins and polyphenols.

Vitamins
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lron overload

 Net iron requirement per day:
— 2 mg for women,
— 1 mg for men

 RDA for iron
— 10 mg for men
— 15 mg for women

Low absorption of non-heme iron

Absorption increases in iron deficient
Individuals

Vitamins
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Contribution of fortified foods to

daily vitamin and iron intake

Vitamin / iron
Vitamin A
Vitamin C
Vitamin B1
Vitamin B2
Niacin

Vitamin B6
Folic acid
Vitamin B12
lron

Lachance, P. 1989

Percentage

Vitamins
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CONCEPT: MICRONUTRIENT EMRICHED BREAD

MICR: ENT CONTENT:

{per 200g) Yitamin A& 188RE
Yitamin B4 0,32mg
Yitamin By 0,32mg
HNiacin 6,17Tmg
Yitamin By 0,5mg
Falic Acid ddmeg

fron 3,0mg
" South African RDA for persons 10 years and alder

HEALTH CLAIMS: Added vitamins and minerals
MANUFACTURER: BB Bakeries

341 Sydney Road,
Durban, South Africa

Vitamins
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Fortif

ication Basics
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STAPLE FOOD FORTIFICATION

fiohting biclden bunger

J
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Internet
Useful addresses

« American Association of Cereal Chemists:
e Www.aaccnet.org/

« The American Institute of Baking:

o www.aibonline.org/

e Buhler Milling:

« www.buhlergroup.com/

 Roche Vitamins Inc.

e WwWW.roche-vitamins.com/

Vitamins
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Roche Vitamin Factory
Sisseln / Switzerland

Vitamins
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Thank youl!

Vitamins
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Back-up slides

Vitamins
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Strategies to eliminate micronutrient
malnutrition

Dietary diversification
*Nutrition education
*Food fortification
Dietary supplementation

Vitamins
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Micronutrient deficiencies
“The Hidden Hunger Problem”

e Vitamin A

e |[ron

e |odine

 B-vitamins: B1, B2, B6, Niacin, Folic acid, B12
e ZincC

o Calcium

Vitamins
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O
Measuring the global burden of disease

Definition of disability adjusted life years (DALY)

“Sum of life years lost due to premature
mortality and years lived with disability adjusted

for severity.”

Vitamins
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Ten leading causes of worldwide DALY’s O

Rank Disorder

1
2
3
4
5
6
I
8
9

10

Lower respiratory infections
Diarrhoeal diseases
Perinatal disorders

Unipolar major depression
Ischemic heart disease
Cerebrovascular disease
Tuberculosis

Measles

Road-traffic accidents

Congenital anomalies

DALY’s x 10°
1229
99.6
92.3
50.8
46.7
385
384
365
34.3
329

Murray, C and A Lopez, Lancet 349:1436-42,1997
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Productivity gained per program $

Vitamins

Vit A suppl
Iron fort
Vit A fort
lodine fort
Iron suppl

lodine suppl
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Levin et al, World Bank, 1991
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Costs per healthy life year gained

Vitamins

Vit A suppl

rehab for Vit A def

prenatal care S

antibiotics URI 5

0 10 20 30 40

Jamison and Mosley, World Bank, 1990
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Benefits of salt iodization

* Prevention of goiter
e prevention of hypothyroidism and lethargy
e prevention of cretinism and brain damage

Improved human performance and life
quality.

Vitamins
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Benefits of zinc fortification

e Prevention of dwarfism

* Prevention of hypogonadism and impaired
sexual development

e prevention of brain damage

o for better wound healing

« for support of the immune response

Vitamins
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Benefits of Vitamin C fortificaton

e To enhance the immune response

e to improve lung function & respiratory volume

e to enhance iron absorption (anemia prevention)
« for healthy gums and teeth

 for prevention of stomach cancer

 to reduce the risk of Helicobacter pylori

Infections

Vitamins
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