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Food-borne diseases

e pathogenic microorganisms: acute effects on human
health.

e presence of various chemical substances(chronic, and
in some cases acute) including:
 Residues of pesticides
* \Veterinary drugs,
 Unlawful food additives
 Mycotoxins,
* Biotoxins
 Radionuclides



Epidemiology of FBD :

WHO estimates that one in three people worldwide suffer from a
food-borne disease every year,

1.8 million die from severe food and waterborne diarrhea ,related
illness

Most of these illnesses are due to microorganisms and chemical
contaminants, which may occur naturally or be introduced at some
point along the food chain.

Campylobacter and Salmonella species account for over 90% of all
reported cases of bacteria related to food poisoning worldwide.

As most cases of food borne disease are not reported,



Food safety and security :
m The World Food Summit, organized by FAO in 1996,

recognized that access to safe food is in itself an element of
food security,

m The World Health Assembly Resolution on Food safety from
May 2000 stated that :

1. Everyone should have the right to an adequate supply of safe,
nutritious food |,

2. Encourages WHO member states ' to implement and keep
national and, when appropriate, regional mechanisms for food
borne disease surveillance”

3. Governments should take the necessary measures to ensure
the availability of sate food for all in order to sustain the
health and economic development of their people.



Discovery of mycotoxins

« Serious worldwide concern began in the early 1960s after

“Turkey X disease” was discovered in UK.

* More than 100,000 young turkeys on poultry farms died in the

course of a few months.

* |nvestigation of the early outbreaks showed that they were all

associated with feeds, namely Brazilian peanut meal .




Impact of Mycotoxins

» Significant economic losses are associated with their impact on
human health, animal productivity, and both domestic and
international trade.

» |t is estimated that 25% of the world's food crops, including many
basic foods, are affected by mycotoxin producing fungi.

= According to FAO estimates global losses of foodstuffs due to
mycotoxins are in the range of 1000 million tonnes per year M.

= Over $100 billion of exported commodities all over the world are
susceptible to mycotoxin contamination 2.

[ 1] FAO wesbite (http:/ /'www fao.og /food/food-safety-quality/a-z-index/mycotoxins/en /)
|2] Cardwell K. F. (z001), Food and nutrition Bulletin, 21:488-462
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Mycotoxin may cause a harmful effect to animals as well as humans such as
carcinogenic,nephrotoxicity, mutagenic, immunosuppressive, estrogenic
neurotoxicity, reproductive and developmental toxicity, hepatotoxicity and

indigestion

 Most of the countries agreed to set the limits of
mycotoxins present in food because of the effects of the

mycotoxins to human health.

 The permitted level is slightly different, which depends on
the type of food products.

* The minimum limits for mycotoxins in single ppb (part per
billion) and even below (0.05 ppb for infant foods) are
established in EU, with similar standards in China and

Japan



Methods to test

Conventional techniques:

e thin-layer chromatography (TLC),

* high-performance liquid chromatography (HPLC)
°* mass spectrometry

 enzyme-linked immunosorbent assay (ELISA)

(it has slight defects of cross-reactivity and possible false-positive or false-negative outcomes Also, those
techniques usually costly and available in a specialized research laboratory needs highly personnel trained and
laborious).

* Recently, advanced methods used to detect the presence of mycotoxins in food samples,
which show high sensitivity, low cost, simple operation, and portable on-field use

* Besides, portable and easy-to-use biosensor devices suitable for express, in-field detection of
mycotoxins.

 The development of biosensors for mycotoxins has risen sharply in the last decade with a
large number of different bio-sensing technologies application



Aflatoxins B1 and M1 (AFT B1 & M1) [15] produced by Aspergillus flavusand A.
parasiticusspecies grown on grains and cereals, spices, tree nuts.

Aflatoxin B1(AFB1) is one of the most carcinogenic substances produced by
fungi and results in inevitable contamination of food and feed at deficient
concentrations.

Four main types of aflatoxin naturally contaminate foods which are aflatoxin B1
(AFB1), G1 (AFG1) and their dihydroderivatives B2 (AFB2) and G2 (AFG2).
Others without additional metabolites known as Aflatoxin M1 and Aflatoxin
M2.

AFT M1 being a 4-hydroxylated metabolite of AFT B1, is found in cow and
sheep milk and milk products.



What are Mycotoxins?

Low molecular weight (small molecules) produced as
fungal Secondary metabolites that exert toxic effects
on animals and human beings.

e 300-400 compounds are recognized as mycotoxins, many
received attention as human threats

e Mold (fungi) produce mycotoxins to destroy their microbial
competitors.

* Most literature attributes mycotoxicosis to ingestion of
contaminated foods but airborne contamination is a problem
as well

Mycotoxins are associated with human disease and cause acute
and chronic effects



Fungal Infection

Can occur at any stage in crop production.
While in the field.

During harvesting.

While in silage and storage.

Spores can lay dormant for months to years,
waiting for positive conditions for
germination.




Conditions to Encourage
Fungal Growth

Relative humidity over 70%.

Temperatures over 30 degrees Celsius for a
period of a few days to a week.

Stress to the affected plant, such as drought,
flood, or insect infestation.

High moisture content of crop (20% or higher).
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Mycotoxin occurrence
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Mycotoxins in Food

« Today, 300-400 mycotoxins are known!'l.

= Aflatoxin B1 has been classified by the IARC to be a Class 1 human
carcinogen.

* A 2010 study by Liu, Y. Wu in collaboration with WHO estimated that
Aflatoxin causes between 5-30% of all liver cancer cases in the
world@l, Swepe

: North Amaerics
Southeast Asia %
Latin Amernca
%
Eastorn Medaarranaan
10%

[1] Berthifler F., Sulyok M., Krska R., Schuhmacher R., Int. J. Food Microbidl. 2007; 119:33-37.
[2] Environ Health Perspect. 2010 Jun:118(6):818-24. doi: 10.1288/ehp.0901388 Epub 2010 Feb 19



Mycotoxins in Food

» There are six agriculturally important mycotoxins : aflatoxins,
trichothecenes, fumonisins, zearalenone and ochratoxin.

Aflatoxins

Ochratoxins
Fumonisins
Trichothecenes
Zearalenone

Ergot alkaloids

Groundnut, Maize, Almond, Fig, Pistachios, Hazenut, Sunflower seed,
Sorghum, Cashew, Chestnut, Nutmeg, Rice, Chilli, Pepper, Turmeric,
Milk

Coffee, Grape, Paprika, Fig, Pepper, Barley, Nutmeg, Corn
Maize, Wheat, Rice

Wheat, Oats, Corn

Corn, Wheat, Soyabean, Rice, Barley

Rye, Barley, Wheat, Oats

References - RSAFE Int. J. Mol Sci., 2008, 9, pp2062-2090




Aflatoxins A. flavus, A. paraciticus Corn,peanuts,cottonseed,etc.

Ochratoxin A A. ochraceus, R. veridicatum,  Corn,barley,wheat, peanuts
R. cyolopium

Zearalenone Fusarium roseum, E. Corn, sorghum, wheat
moniliforme, F. nivale, E.
oxysporum

Fumonisin Fusarium Corn

Patulin A. clavatus, R. patuluns Silage, apples

Trichothecene Fusarium graminearum Cereal grains,coffee



Mycotoxin

flatoxins

Fumonisin

Ochratoxin

T-2 toxin

Major Foods

Maize, groundnuts,
figs, tree nuts
(Aflatoxin M1
(secreted by cow
after metabolism of
aflatoxin B1), milk,

milk products

Maize

Maize, cereals, coffee
beans

Cereals

Aspergillus flavus
Aspergillus
parasiticus

Fusarium
moniliforme

Penicillium
verrucosum
Aspergillus
ochraceus

Fusarium
sporotrichioides

Health effects

Hepatotoxic,
carcinogenic

Esophageal
cancer

Nephrotoxic

Alimentary
toxic, aleukia

0.5 (dog)
9.0 (mouse)

T

20-30 (rat)




Distribution of total Aflatoxins by sampling year in cereals and milling products
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Mycotoxin control - regulations

» Legislation is established in many countries worldwide.

In Asia/Oceania, 26 countries have specific mycotoxin regulations.

mycotoxins

pro Emmmmm V1V cotoxins regulated in food in Asia/Occeania

AGA
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Reference - Worldwide regulations for mycotoxins in food and feed in 2003




Mycotoxin regulations

In Europe, ~ 99% of the 39 countries have specific mycotoxin regulations.

sSTE Mycotoxins regulated in food in Europe
FUMB1 By (o magp
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Reference - Worldwide regulations for mycotoxins in food and feed in 2003



Mycotoxin regulations

Regulated levels of mycotoxins differ from nation to nation.

—
|
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Reference - Worldwide regulations for mycotoxins in food and feed in 2003



Mycotoxin regulations

<+ Codex Standard 193-1995
Maximum limits exisis for Total Aflatoxins, Aflatoxin M1,
Ochratoxin A and Patulin.
Codex standards (Maximum limits) on 14 types of
foodstuffs

* EU Legislations on mycotoxins in foodstuffs
Regulatory standards (Maximum limits) on 62 types of
foodstuffs

Reference - JRC Technical Notes, Mycotoxin Factsheet, 20n



Commission Regulations (EC) No. 1881/2006
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Mycotoxin regulations

s+ Legislation established on regulatory limits of mycotoxins in
ASEAN countries.

Z earalenone
Deoxyn va lenol

Fumomisins

Patulin

Ochratoxin A

Aflatoxin Ma

Aflatoxins B& G

< 1 2 3 45 5 6 7



Mycotoxin regulations

<+ Regulated levels of mycotoxins differ from nation to nation.

Indonesia Fresh apple, canned apple, apple soug /kg
extract, nectar, alcoholic drinks
Apple puree 25 ug/kg

Apple puree for infants and children 10 ug/kg

Malaysia Apple juice (includes apple juice as so ng/kg
ingredients in other beverages)

Singapore Juices 10 ug/kg

Vietnam Fruit and fruit juices so ug/kg
Concentrated fruit juices and all so ug/kg

product derived from themS>



Mycotoxin Health Hazards

Generally lower risk in well developed countries due
to improved standards of living.

High intake of affected product, wusually in
conjunction with |limited amounts of other food
sources.

Greatest threat comes from long term exposure due

to eating spoiled food or meat from animals fed
contaminated feed.




Mycotoxin Effects on Animals

Feed refusal.

Impaired animal health, resulting in reduced
production of eggs, milk, weight gain, etc.

Metabolites are passed through the milk in
cheese, dry milk, and

vogurt.
Disease.
Death in animals.

http://www.thecattlesite.com/articles/contents/09-02-24Mytotoxin.gif



Regulatory Control

In 1965, the Food and Drug Administration (FDA) set the
first mycotoxin limit of 20 parts per billion (ppb) for
aflatoxin in all foods and feed.

But, this toxin can appear at varying levels of food
production, so multiple testing at different points in the
food chain is necessary.

Using ELISA (enzyme-linked immunosorbent assay)
technology, testing can be done cheaper and faster than
previously.

The FDA does not do the testing, various other agencies do,

such as the Grain Inspection Packers and Stockyards
Administration; but, toxic levels must be reported to the

FDA.



Toxin-Producing Organism Classes

»  Toxins: substances produced during metabolism and growth
of certain microorganisms and some plant and animal
species

>rimary factor — pathogenicity

 Viruses (e.g. cytotoxins, lysins)

» Bacteria (e.g. endo and exotoxins)

* Fungi (e.g. mycotoxins)

*  Protozoa (endotoxin, phospholipase, protease)

» Algae (microcystins, ...... )

» Plants (alkaloids, tannins, cyanogenic glycosides)
» Higher Animals (fish, insects, snakes, frogs)
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»2,183 samples retrieved from EFSA
chemical occurrence database on 15 Mar 13.

»Samples collected between 2007-2012.
» Analytical data on Aflatoxins (B, B1, G, G1).

»Samples include cereal and milling
products, processed cereal products.

»Sampling carried out in 16 European
countries.
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