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Abstract

Mycotoxins are secondary metabolites which are synthesized by moulds colonizing plants 

in fields and during storage. They cause pathological and undesired physiological hazards 

on human and animal health. The most important contamination source of mycotoxins to 

animal are preserved forages and cereals, and contamination varies in level depending on 

the processed stages before and after harvest of raw materials.

Animals which consume contaminated feed with mycotoxins suffer from lesions in the 

mouth, excessive growth of liver and pale aspect of liver, growth of kidneys, 

immunosuppresion, dysfunction of nervous system, fragility of bones, decrease in 

pigmentation, decrease of egg production and egg weight, lower growth rate. These 

symptoms vary depending on the animal species and mycotoxins kinds. Domestic animals 

which consume feeds contaminated with mycotoxins not only get mycotoxins but also carry 

over these kinds of toxins to meat, milk and eggs altering human health in an indirect way. 

So, people are faced with the danger of mycotoxins by consuming not only plant products 

but also animal products.

This study aimed to enable the continuity of improving food safety from farm to fork by 

application of a HACCP system in order to control mycotoxin contamination  of raw 

material starting from the fields until it reaches the farm animals .
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Introduction

Mycotoxins are toxic and / or carcinogenic compounds produced by various fungal 

species that grow on various agricultural commodities. Commodities can be 

contaminated either in the field or in storage. Pre- and post-harvest strategies to 

prevent crop contamination include yearly crop rotation, irrigation in hot and dry 

weather, use of pesticides to reduce the insect population, drying crops to a safe 

moisture level, and providing protective storage. It is important to be able to detect 



Archiva Zootechnica vol. 8, 2005 15

and quantify the mycotoxin concentration in foods and feeds destined for human 

and animal consumption (Whitaker et al., 2005).

The long, global evaluation and use of HACCP in food processing plants provided 

overwhelming documentation that the HACCP system of food safety was very 

effective at controlling identified food borne hazards. The widespread success of 

HACCP led to increasing calls by regulators, politicians and consumers to use this 

remarkable tool more effectively by applying is along the entire food chain, from 

“Farm to Table”. In simple terms, the supply chain consists of seven steps: animal 

or crop production, processed product production, distribution, food service or 

retail operations and consumption. The processed product production is at the 

center of this supply chain (Sperber, 2005).

The difficulty of removing mycotoxin makes prevention the best of control. 

However, many measures have been studied in an attempt to reduce infection by 

moulds, including the development of mould resistant species, alternative 

methods of soil cultivation, drying and storage techniques and so on. Recently, a 

HACCP like approach was evaluated as a means to provide a management tool to 

reduce or eliminate the hazards caused by fungal contamination (Scudamore, 2005).

What is mycotoxin 

The term “mycotoxin” is reserved for the toxic chemical products formed by a few 

fungal species that readily colonize crops in the field or after harvest and thus pose 

a potential threat to human and animal health through the ingestion of food 

products prepared from these commodities (Scudamore, 2005). Mycotoxins are 

those secondary metabolites of fungi that have the capacity to impair food and 

feed quality and safety. Mycotoxin contamination of foods and feed materials 

frequently occurs in the field following infection of plants with particular 

pathogenic fungi or with symbiotic endophytes. Contamination may also occur 

during processing and storage of harvested products and feed whenever 

environmental conditions are appropriate for spoilage fungi (D’Mello, 2001). 

Mycotoxin can enter the human food chain directly by cereals, nuts, seeds, dried 

fruit, coffee, cocoa, spices, fruits (particularly apples), dried peas, beans, beverages, 

other plant materials, indirectly and directly by food products obtained from 

animals given contaminated feeds through residues in milk, meat, eggs and their 

derivates (Galvano et al., 2005; Scudamore, 2005). 

The toxigenic fungi involved in the human and animal food chains belong mainly 

to five genera: Aspergillus, Fusarium, Claviceps, Stachybotrys and Penicillium 

(Anonymous, 2003a; Sweeney and Dobson, 1998; Santin, 2005). Environmental 

conditions are extremely important in pre-harvest mycotoxin contamination of 

grain and oilseed crops (Anonymous, 2003a). It has been shown factors affecting 

mycotoxin occurrence in the food and feed chain in Figure 1 (Anonymous 2003a; 

adapted from Pestka and Casale 1989).
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Under field conditions, stress and subsequently reduced vigor often predispose 

plants to infestation and colonization by toxigenic fungi. Some fungal strains are 

capable of producing more than one mycotoxin and also a single mycotoxin is 

produced by more than one fungus. In some cases one species produces multiple 

mycotoxins (Devegowda and Murty, 2005; Santin, 2005). In stored grain, toxigenic 

fungal contamination, and mycotoxin production result from a complex interaction 

between moisture, temperature, substrate aeration, oxygen (O2) and carbon dioxide 

(CO2) concentration, inoculum concentrations, microbial interactions, mechanical 

damage, fungal abundance and insect infestation (Ominski et al. 1994; Anonymous, 

2003a; Santin, 2005). 

Moisture content and ambient temperature are key determinants of fungal 

colonization and mycotoxin production. It is conventional to subdivide toxigenic 

fungi into “field” (or plant-pathogenic) and “storage” (saprophytic/spoilage) 

organisms (D’Mello, 2001; Santin, 2005). Field fungi are those that invade the seeds 

while the crop is still in the field and require high moisture conditions (20-21 %). 

These include species of Claviceps, Neoitphodium, Fusarium, Alternaria, Cladosporium, 

Diplodia, Gibberella and Helminthosporium. Storage fungi (also called storage 

moulds) are those that invade grains or seeds during storage. These need less 

moisture than field fungi (13-18 %) and usually do not present any serious problem 

before harvest and they were those that could grow at moisture contents in 

equilibrium with relative humidity of 70 to 90% where no free water was present. 

Storage fungi include species Aspergillus and Penicillium (Anonymous, 2003a; 

D’Mello, 2001; Santin, 2005). Fungi grow at temperatures between 20

0

C and 30

0

C. It 

is important to note that if the grain is at high temperature at harvest, it can 

maintain high temperature for several days or week after harvest unless the 

storage facility has cooling equipment (Santin, 2005).

Avoiding mycotoxin accumulation in stored grains and oilseeds depends primarily 

on moisture control. If the product is too dry to allow fungal growth and it is kept 

dry, no further deterioration will occur. However, if there is insect or rodent 

activity, moisture migration, condensation, or water leaks, fungal growth that 

could lead to mycotoxin contamination will occur. Most of the contamination in 

storage comes from infections that began in the field (Anonymous 2003a).

During harvest, it is important to properly adjust combines to prevent excess 

damage to kernels, which may predispose them to infection during storage. 

Furthermore, as the highest levels of mycotoxins often are associated with broken 

and insect-damaged kernels (Munkvold and Desjardins 1997; Malone et al. 1998b; 

Anonymous 2003a). Careful adjustment of the combine may eliminate these

contaminated kernels in the field, with minimum loss of sound kernels (Sauer et al. 

1992; Widstrom 1996; Munkvold and Desjardins 1997; Anonymous 2003a).

Insects and mites make a significant contribution to mould growth through 

physical damage of grain, which predispose mould invasion of the exposed 
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endosperm. The metabolic activity of insects and mites causes an increase in both 

moisture content and temperature of the infested grain, which is favourable for 

fungal development. Insects and mites can also carry mould spores; and their 

faecal material is an additional substrate for mould growth (Santin, 2005). 

Figure 1. Factors affecting mycotoxin occurrence in the food and feed chain 

(Anonymous 2003a; adapted from Pestka and Casale 1989)

After harvest, the seed is still a live organism and continues the metabolic process 

of respiration. The intensity of the respiratory process depends on the temperature 

and humidity of the grain. An increase in temperature can increase respiration rate 

2-to 3-fold, but stops when the high temperature destroys the enzymes needed for 

respiration. On the other hand, when stored grain is dry (e.g. 11-13 % moisture for 

corn), respiration is reduced (Santin, 2005). The final safe moisture content depends 

on the crop and the climatic conditions where the commodity is stored. Care also 

should be taken to clean storage bins and auger pits and to maintain clean trucks, 

trailers, and combines, to minimize future contamination of the crop (Widstrom 

1996; Anonymous 2003a). 

In general, pre-harvest control of mould growth is somewhat compromised by the 

inability of man to control the climate, since both insufficient and excessive rainfall 
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during critical phases of crop development can lead to mould contamination, 

spoilage of grain and mycotoxin production. However, the post harvest handling 

of grain present many more opportunities for controlling mould growth and its 

consequences. Careful drying of grains and good storage management should 

minimize post-harvest fungal growth and therefore, mycotoxin production 

(Anonymous 2003a; Santin, 2005).

Mycotoxins cause a diverse range of symptoms because they are structurally often 

very different from each other. Acute effects in humans require high 

concentrations to be present when eaten, and such incidents are usually restricted 

to the less developed parts of the world where resources for control are limited. 

Acute mycotoxicosis outbreaks are rare events in modern animal production, 

however, low mycotoxin doses (often below detection level) are responsible for 

reduced efficiency of production and increased susceptibility to infections disease 

(Santin, 2005; Scudamore, 2005; Surai and Dvorska, 2005). Chronic effects are a 

concern for the long-term health of the human population making low levels of 

mycotoxins important of food. Some of the most common mycotoxins are 

carcinogenic and genotoxic, and can target organs such as liver, kidney or the 

immune system. In addition, some mycotoxins act as neurotoxins while others act 

by interfering with cellular protein synthesis, producing skin sensitivity and 

extreme immunodeficiency (Santin, 2005; Scudamore, 2005). Three main 

mechanisms of mycotoxin toxicity include stimulation of lipid peroxidation, 

membrane disruption, apostatis (cell death) and inhibition of DNA, RNA and 

protein synthesis. In this regard, immunotoxicity is considered to be the most 

common consequence of major mycotoxicosis (Surai and Dvorska, 2005). It has long 

been recognized by veterinary clinicians that immuno-suppression occurs in 

livestock ingesting mycotoxins at levels below those that cause overt toxicity. 

Mycotoxin-induced immuno-suppression can be observed as depressed T or B 

lymphocyte activity, suppressed antibody production and impaired 

macrophage/neutrophil effector functions (Oswald et al., 2005). 

Mycotoxin hazards and HACCP application

The impact of mycotoxins in human food chain is an important issue worldwide. 

In general, consumers perceive less risk from mycotoxins than from other food 

related threats such as pesticides, additives, heavy metals and microbial agents. 

The real danger of mycotoxins is potentially very high, which is why they have 

been called “hidden killers”. Mycotoxins are highly undesirable substances that 

should not be present in food and for which a zero tolerance would be ideal. 

However, even good agricultural, storage and processing practices cannot 

completely prevent contamination; and it is impossible to achieve a truly 

mycotoxin-free food chain (Galvano et al., 2005).
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The risk of contamination by mycotoxins is an important food safety concern for 

grains and other field crops. Food contaminated with mycotoxins, can cause illness 

and are associated with increased cancer risk. In addition to direct risks to humans 

from consumption of mycotoxin-contaminated grains, there are indirect health 

risks to those who consume animal products containing residues of carcinogenic 

mycotoxins. Mycotoxins can be detected in meat, milk and eggs from animals that 

have consumed feed ingredients containing mycotoxins, and many countries have 

tolerance standards for mycotoxin residues in milk and meat products. Another 

concern related to the consumption of mycotoxin-contaminated feed by livestock is 

the potential for economic losses from animal health and productivity problems 

(Dohlman, 2005).

The Hazard Analysis Critical Control Point (HACCP) system is a scientific 

approach to quality control. The Pillsburry Company encountered this dilemma in 

the 1960s in its attempts to fulfill several food production contracts with the US 

Army and the National Aeronautics and Space Administation (NASA) (Sperber, 

2005). HACCP is a management system in which food safety is addressed through 

the analysis and control of biological, chemical, and physical hazards from raw 

material production, procurement and handling to manufacturing, distribution 

and consumption of the finished product. HACCP is designed for use in all 

segments of the food industry from growing, harvesting, processing, 

manufacturing, distributing, and merchandising to preparing food for 

consumption (Anonymous, 1997; Anonymous, 2005a). 

One strategy to lower the health risks and the economic costs associated with 

mycotoxins is to increase awareness among food producers and handlers of 

practices which would minimize mycotoxin contamination, and to encourage the 

adoption of process-based guidelines such as good agricultural practices (GAPs) or 

good manufacturing practices (GMPs) (Dohlman, 2005). In its 34th session held in 

March 2002, a Codex Committee on Food Additives and Contaminants (CCFAC) 

report recommended that GAPs and GMPs be used to establish formal hazard 

analysis and critical control point (HACCP) food safety systems to identify, 

monitor, and control mycotoxin risks all along the food production chain 

(Anonymous, 1993). 

HACCP, is a process control system related to food and feed safety. HACCP can be 

divided up into 12 steps which are described in the Codex Alimentarius. A 

HACCP system can be set up and used in combination with other quality systems. 

The way in which HACCP is described in the Codex Alimentarius has provided 

the standard for this manual. The HACCP plan comprises the following twelve 

steps (Anonymous, 2003b):

1. Assemble the HACCP team: The HACCP team takes care of the setting up, 

implementation and maintenance of the HACCP system in the company 

(Anonymous, 2003b).
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2. Formulate end product specifications: End product specifications and (if 

necessary) raw materials specifications are drawn up or obtained (Anonymous, 

2003b).

3. Identify intended use: The intended use of the product is laid down in end 

product specifications (Anonymous, 2003b).

4. Construct process diagrams: The production processes are shown in process 

steps in diagram form (Anonymous, 2003b).

5. Confirmation of process diagrams: Process diagrams must be checked in practice 

after they have been formulated (Anonymous, 2003b).

6. Identify hazards: The hazards which may be possibly expected are identified on 

the basis of the process diagrams and end product specifications.

7. Critical control point identification: The risk is assessed for every possible 

hazard to be expected (risk assessment). The type of control measure which can be 

used to reduce the risk is then established. The designation of CCPs itself requires 

careful consideration. Remember that HACCP is concerned with safety, not 

quality, so controls that do not impinge on safety are not CCPs for the purposes of 

HACCP. In addition, CCPs must always have a quantifiable element that is 

measurable in real time, so that critical limits (Principle 3) can be applied to them. 

In practice, the designation of CCPs is normally aided by the use of "decision trees" 

(Anonymous, 2005a). An example of a decision tree, is given below in Figure 2 

(Anonymous, 2003b).

8. Establish target values and  critical limits for each critical control points. A 

critical limit is the maximum or minimum value to which a physical, biological, or 

chemical hazard must be controlled at a critical control point to prevent, eliminate, 

or reduce to an acceptable level (Anonymous 2005b). In the case of mycotoxins, they 

will include the permissible moisture and temperature targets for safe storage of 

grain.

9. Monitoring of CCP’s: Monitoring of process parameters is carried out in order to 

be able to determine whether the CCP is controlled. Monitoring needs to be both 

precise and rapid, and this is especially true of the cereal supply chain, which often 

operates on a very fast, "just in time" basis. mycotoxin analysis itself can seldom be 

used as a means of monitoring for HACCP purposes because of the time delay in 

obtaining a result. Only the semi-quantitative rapid test kits are potentially useful 

in a monitoring role. In practice, for grain quality, monitoring can also be carried 

out by direct observation, e.g. assessment of the degree of moulding or damage, 

which may be an important criterion in both the pre- and post-harvest situations. 

Effective monitoring of grain commodities involves obtaining truly representative 

samples from large bulk stores. This is an important issue within the industry 

(Anonymous, 2005a).

10. Determine corrective actions: Determine which corrective actions will be taken 

if the critical limits are exceeded. Corrective actions must be designed to bring the 
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CCP back under control as quickly as possible. There must also be procedures in 

place to handle material that may be affected by the loss of control. In the case of 

mycotoxin contamination, material suspected to be subject to control failure (e.g. as 

a result of storage at an inappropriate moisture content) will be segregated 

pending mycotoxin analysis. This is an example of an area where rapid mycotoxin 

assay kits play an important role. Subsequent treatment will then depend on the 

severity of contamination, and may include discarding, down-grading or re-

processing. The corrective action applied to the process will depend on the nature 

of the failure, and may include equipment repairs or changes to storage or drying 

conditions (Anonymous, 2005a).

11. Establish procedures for verifying the HACCP system is working as intended: 

The use of supplementary information to check whether the HACCP system is 

(still) working effectively. Verification ensures the HACCP plan is adequate, that 

is, working as intended. Verification procedures may include such activities as 

review of HACCP plans, CCP records, critical limits and microbial sampling and 

analysis. Validation ensures that the plans do what they were designed to do; that 

is, they are successful in ensuring the production of safe product (Anonymous, 

2005b).

12. Establish record keeping procedures: The necessary documentation must be 

drawn up and/or the current documentation must be supplemented. The HACCP 

regulation requires that all plants maintain certain documents, including its hazard 

analysis and written HACCP plan, and records documenting the monitoring of 

critical control points, critical limits, verification activities, and the handling of 

processing deviations (Anonymous 2005b). In the case of HACCP for mycotoxins, 

this is another area where mycotoxin analysis itself will be required. If mycotoxin 

levels are found to be above the required levels, then immediate action is required 

to identify the step(s) where adequate control is not being maintained. This may 

involve the introduction of new CCPs, or amending critical limits for existing CCPs 

(Anonymous, 2005a).

The application of HACCP system in feed factories for feed and food 

safety 

The physical, chemical and microbiological properties of the feed produced in the 

feed factories have a great importance in the quality of feed, the health of the 

animals which consume this feed and also the quality and safety of the food 

products obtained from them. The prevent the diseases which effect the 

performance of the livestock an maintain the safety of the product; feed factories 

should have critical control and control points according to HACCP system. This is 

one of the most important stages of process in maintaining the safety of food from 

farm to table. In this study, it is aimed the describe whether feed raw material and 

feed additive materials used are potential hazards sources in mycotoxin input. The 
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HACCP system is used to applicate for mycotoxins controls.

It is also essential to use the HACCP system in order to determine hazard analysis 

in feed factories give to the explanations and comments on this matter. In table 1, 

the commodity flow diagram (CFD) of a feed factory which produces feed for 

broiler is displayed as an example. In table 2, the HACCP plan against mycotoxin 

hazard in the process from harvest to poultry house is displayed. 

Figure 2. Critical Control Point decision tree animal feed sector (Anonymous 2003b)

Results and recommendations

Fungal growth in cereals and grain in field as well as stored grain causes 

nutritional  and physical losses and can produce mycotoxins that can be highly 

toxic in animal and humans. The economic impact on animal performance due to 

fungal growth can be immense. Because of this, the maintaining the nutritional 
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values of cereals and grains and in avoiding mycotoxin contamination of animal 

feeds (Santin, 2005). For controlling the myctoxins in the field, in the harvesting, 

during the storage period and until it reaches the farm the reproduction and 

formation of mycotoxin in feed raw material should be prevented using HACCP 

system. In addition to that using mycotoxin bindings like clay binders or yeast cell 

wall derived modified glucomannan for good production and economy, is another 

application advised. Related to this, it has been reached to the conclusion that to 

reduce and / or to remove the mycotoxin risk, in feed factories with product –

mycotoxin based HACCP system. 

Table 1: The crow flow diagram of feed factory which produced broiler feed

Number Stage

1 Farm, at field maturity

2 Farm, at harvest

3 Post-Harvest Storage

4 Raw Material Entry to Feed Factory

5 Raw Material Storage

6 Feed Mill

7 Storage of Semi-product 

8 Dosing 

9 Mixer

10 Feed Additives 

11 Liquid Dosage - Acidification

12 Pellet Feeding Storage-Bin

13 Pellet Press

14 Cooler

15 End-Product Feed Storage 

16 Bulk Feed Storage

17 Loading

18 Transport

19 Poultry House
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Table 2: HACCP Plan against Mycotoxin Hazard in feed factory which produces feed for broiler from Harvest to Poultry House

Monitoring

Stage

Critical 

Control 

Point (CCP)

Hazard Critical limit Preventive Action

What-

Paramete

r

How-

Method

Frequency

Who is-

responsible

Corrective Action Records Verification

Farm, at 

field 

maturity

Good 

Agricultural 

Practice -

GAP

Mold 

infestation 

with 

subsequent 

mycotoxin 

information

Non The use of fungus or pest 

resistant cultivars. 

Appropriate land 

preparation; crop rotation, 

trash removal, correct 

ploughing and fertilizer 

application. 

The control of insect and 

other pest damage (since 

this can encourage fungal 

infection). 

The prevention of drought 

and weed stress. 

The use of fungisid

Good Agricultural Practice 

(GAP )

Mold 

infestation

With Eyes During the 

farm 

production 

process

Control by 

Agronomist, 

mycologist and 

plant 

pathologists

Harvesting at appropriate moisture 

content and stage of maturity. 

Appropriate handling and storage 

immediately after harvest

Primary 

Production 

Tracing Form

The 

observation 

results of 

Agronomist, 

mycologist and 

plant 

pathologists

Farm, at 

harvest

CCP Increase in 

mycotoxin 

formation

Having a max 8-

12.5 % level of 

critical moisture 

although varying 

according to the 

product.

Critical limit 

could be 

rejection of cobs 

showing mould 

damage over 

>10% of the 

surface.

The right harvesting time 

and selection of harvesting 

method

Rapid cooling of harvested 

products

Good Agricultural Practice 

(GAP)

Moisture 

%

Damage 

%

Moisture 

device

With eyes

In all fields 

of 

harvesting

Control by 

Agronomist, 

mycologist and 

plant 

pathologists

Separating the raw material from 

the defected ones. 

Decreasing the moisture level % 10 

of the raw materials which have a 

high level of moisture.

The cleaning and disinfection of the 

equipment which will be used for 

harvesting (high pressure air, high 

pressure water, vacuum cleaning 

etc.).

Harvesting 

circumstance 

control 

analyzing 

form

The analysis 

results of farm 

raw material
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Raw 

material 

Control

CCP Increase of 

mycotoxin 

levels 

20 ppb 

aflatoxin

150 ppb T2 

toxin

20 ppb 

ochratoxin

Warning of the supplier ppb ELISA and 

UV

Every 

party

Raw material  

control personnel

Rejection of raw material Raw material 

the analysis 

form

Analysis results

Mixer CCP Increase of 

mycotoxin 

levels

Releated to 

mixer 

cleaning 

mycotoxin 

levels

Controlling mixer cleaning and 

way of  frequency

ppb ELISA and 

UV

Before 

every 

mixing 

process

Feed Quality 

assistant

Changing the time and method of 

cleaning 

Cleaning and 

disinfection       

register form

Cleaning the 

analysis results

Cooler CCP Increase of 

mycotoxin 

levels

The heat of 

feed should 

be at most 5 

0C more than 

environment  

heat

Increasing the emptying time 

of the cooler.

Decreasing the capacity of 

pellet.

Controlling the heat levels of 

the cooler

0C Thermomet

er

Daily Foremen Mixing with cold feed, keeping a 

backup cooler

Cooler heat  

follow form

Measuring the 

heat during 

cooling process

Poultry 

house

CCP Increase of 

mycotoxin 

levels

Temperature

Cleaning

The control of  the cleaning of

feeding silo.

Controlling the heat and air 

conditioning of feeding silo.

Feeding system and cleaning 

control.

Insect and rodent control

0C

ppb

Thermomet

er

ELISA Before every 

entering of 

livestock

Livestock keeper Live activity  

form

Cleaning and 

disinfection 

results


