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ABSTRACT 
 
 
Used cooking oils constitute waste which is included in the group of urban or municipal waste 
(as Other domestic/commercial waste), which have shown a huge increase in their volume of 
production in the last few decades. Catering establishments are on the increase in European 
countries, which suggests that cooking oils will also increase. Furthermore, their liquid nature 
prevents disposal in landfills, which is regulated by the corresponding EU directive. This means 
seeking alternatives for their recycling, currently based mainly on their use in animal feeds. The 
recent cases of dioxin contamination in chicken and other foods have urged EU institutions to 
promote the objective study of all aspects involved in the process, so that reasonable measures 
may be adopted to prevent further accidents, and to avoid drastic and ill conceived measures. 
This has led to the present study to assess cooking oils which, as waste from commercial food 
activities (catering industries and services), present a burden on the environment and are 
therefore currently recycled mainly for use as fatty raw materials in poultry and livestock feeds. 
 
 Consumer safety demands an assessment of how the entire food chain should be continuously 
controlled (traceability) to prevent public health risks. Traceability is a basic aspect which 
establishes the essential inter-relationship and collaboration that must exist between all the 
agents. A break in this traceability, at any of the levels, greatly increases the risk of possible 
accidents with repercussions on public health, since full control of the process is lost. With the 
above in mind, the present study makes an analysis of risks derived from all the agents involved 
in using recycled cooking oils: primary sources producing cooking oils, collectors of oils for 
recycling, recycling industry, manufacturers and importers of fats for feeds, feed manufacturers, 
livestock/poultry farms, and consumers.  
 
The main aim of this report is to assess the risk involved in the different operations included in 
the whole process under examination, and to propose main policy options relating to these aims 
that could be taken by EU institutions to improve those aspects which are currently inadequately 
covered and which do not ensure the protection of consumer health. European and Member State 
institutions should therefore respond accordingly, and establish the necessary measures for 
ensuring the protection of consumer health via food. Institutions should also make sure that there 
is suitable and sufficient information for consumers, to help them understand the risks involved 
in the food chain and to assess these risks more objectively. Adequate consumer confidence 
must be encouraged through the existence of risk control systems to prevent the occurrence of 
foreseeable accidents. Training or education should also be encouraged at all levels of the food 
chain, from the producer to the consumer, to improve attitudes and systems that will eliminate 
preventable risks. 
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OPTIONS BRIEF 
 
 
Collection of cooking oils as a waste is the starting point of a food chain having as a final point 
the consumption of animal origin foodstuffs (milk, meats, poultry and their products). Many 
agents are involved in this chain, such as producers of waste cooking oils, collectors, recyclers, 
fat industries, feedingstuffs manufacturers, farms and retailers. Authorities and consumers are 
also involved in regulation and control activities related to this food chain. Traceability all along 
this chain can only be assured by a good interaction between all these agents. Some health risks 
can derive from the use of recycled cooking oils in animal feeding, such as undesirable levels of 
contaminants, particularly PAHs, PCBs, dioxins and related substances. The analysis and 
discussion of all the risks for consumer health involved in the reintroduction of cooking oils in 
the food chain, as well as the origin of risks and possible control measures, have lead us to 
propose the following options: 
 
POLICY OPTIONS 
 
Options relating to the environmental management of cooking oils 
 
• prohibit the direct use of these cooking oils for food applications without recycling.  
• promote the keeping of statistics on the production and importation of cooking oils by the 

different Member States of the EU. 
• encourage the system of voluntary collection agreements or contracts between producers and 

collectors of cooking oils. The failure to comply with any of the quality control system 
requirements or current health regulations would lead to the termination of the contract. 

• encourage the certification of cooking oil collection companies. 
• ensure that the supply of used cooking oils is only from companies with established contracts 

(voluntary agreements) for collection by certificated collection companies. 
• establish requirements for minimum quality specifications of cooking oils delivered for 

recycling (and subsequent use in feeds). To prohibit the dilution of such waste oils with other 
fatty materials to enable them to meet the minimum specifications, or to simulate recycled 
oils. 

• education/information campaigns to improve usage in cooking, at the different 
establishments which produce waste. 

• carry out studies to understand the intake level of PAHs from food, as this appears to be the 
main cause of exposure for non-smoking consumers.  

• Studies to establish the content of PCBs, dioxins and dioxin-like compounds and PAHs 
before and after use of oils and fats in cooking of food, in order to find out to what level 
these substances form, accumulate and remain in the oil during the cooking processes. It is 
recommended that these studies be carried out in line with the origin and composition of the 
oil used. 

• promote the voluntary participation of catering companies in eco-management programmes 
or schemes (Regulation (EEC) No 1836/93). 
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Options relating to the recycling of cooking oils 
 
• regulate the procedures authorised for recycling cooking oils. 
• obligatory recycling of only cooking oils supplied by collection/transport companies with 

whom there are contracts or agreements and who are certified for this activity. 
• establish minimum quality specification requirements for recycled cooking oils which are 

delivered for use in feeds.  
• obligatory recycling of such cooking oils in plants which are physically separate from those 

used for recycling other products or waste for non-food uses (especially mineral oils). 
• promote advisory programmes, together with research centres, institutions and companies, in 

order to establish priorities for research and development in this field. 
 
Options relating to the use of recycled cooking oils in the manufacture of animal feeds 
 
• harmonisation of legislation between Member States, with regard to contamination of raw 

materials for feeds. 
• study and possible draft amendment of Directive 1999/29/EC on the undesirable substances 

and products in animal nutrition, in order to establish whether normal contamination from 
PCBs and dioxins, and also PAHs in recycled cooking oils is regulated in a realistic manner.  

• regulation for the presence of recycled cooking oils in fatty raw materials for feeds, requiring 
provision of a specification report on the quality of the fat supplied, with specific mention of 
what these recycled oils contain and in what proportion. 

• promotion of studies to determine the limit values of particular analytical parameters in 
recycled cooking oils and their blends with other fats intended for animal feed. Not only 
contaminants but also certain oil degradation products must be included. 

• revision of the toxicity thresholds and maximum quantities of PCBs and dioxins in raw 
materials for feeds. 

• ban on the use of waste cooking oils in the manufacture of fatty materials for feeds, or in the 
manufacture of feeds, without recycling.  

• regulation of the importation of recycled cooking oils or their blends, such that they meet the 
same quality and traceability requirements as those for oils produced within the EU. 

• promotion of advisory programmes, together with research centres, institutions and 
companies, in order to establish priorities in relevant research and development. 

 
Options relating to food safety and quality control 
 
• establish systematic qualitative and quantitative administrative controls, in order to establish 

clearly the activities of the companies involved in the collection, handling and 
recycling/purification of cooking oils, and also the manufacture of fats for feeds.  

• promote studies on the description and classification of cooking oils for recycling (reference 
values of various parameters). 

• promote studies on the description of recycled cooking oils (minimum quality and safety 
requirements).  

• establish names for recycled oils and their blends with other fats, for use as raw materials in 
feeds.  

• promote the implementation of integrated control systems for the whole chain of agents 
involved in the handling of these waste oils, in order to provide a simplified system which 
ensures the traceability of the whole process. 
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• promote the use of rapid analysis tests by frying and catering companies, to improve quality 
control of discarded oils. 

• toxicity studies on experimental animals to assess the degradation compounds of oils (cyclic 
monomers, dimers, secondary oxidation compounds and sterol oxides) originating during 
frying, in particular to understand the relationship between chemical structure and toxic 
effect. 

 
Options relating to consumer information and education 
 
• education/information campaigns for improving consumer knowledge on all aspects relating 

to waste oils and risks involved in their use. 
• campaigns and availability of texts for introducing these subjects in school education. 
• actions aimed at improving knowledge in this specific field, via the media. 
• establishment of rapid systems for supply of information, by EU institutions, in specific cases 

of major incidents with public health risks. 
• establishment of programmes of collaboration between the EU administration and consumer 

organisations to improve the operation of control and information systems. 
 
TECHNOLOGICAL OPTIONS 
 
Options relating to the frying process 
 
• promote the use of continuous frying systems in large catering establishments. 
• promote studies to improve discontinuous systems or to design new small-capacity 

equipment, with a view to reducing the volume of waste oil. 
• promote studies to understand the migration level of liposoluble contaminants from the food 

to the frying medium, and its level of accumulation and persistence. 
• promote studies on frying processes under commercial conditions, to assess the capability for 

forming different harmful degradation compounds. Of primary importance are studies on the 
fatty acid composition of oils used and its relationship with the use of different antioxidants. 

• promote studies on optimising certain frying conditions with regard to the formation of 
harmful degradation products, especially temperature. 

• promote technology transfer programmes, to extend as much as possible the results of 
previous studies to catering companies. 

  
Options relating to the cooking oil recycling process 
 
• promote studies on the efficacy of the purification/recycling processes currently used on 

different quality/safety parameters of the recycled oil. 
• promote studies on new recycling systems for cooking oils, which would permit greater 

elimination of liposoluble contaminants and the more harmful oil degradation compounds. 
• promote technology transfer programmes to extend as much as possible the results of 

previous studies to cooking oil recycling companies. 
• economic feasibility studies on the application of different systems for recycling these waste 

oils, to achieve minimum quality limits to be required of these products, as raw materials for 
feeds. 
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Options relating to the analytical control of these oils and feeds 
 
• promote studies to define rapid methods for extraction/purification and to determine 

contaminants in cooking oils, with a sufficient level of selectivity and sensitivity.  
• establish collaboration programmes between scientific institutions from the different Member 

States for the development of reference standards, in particular in order to determine PCBs 
and PAHs in cooking oils, and also to develop comparative exercises for standardising 
analysis methods. 

• establish collaboration programmes between scientific institutions from the different Member 
States for the development of reference standards for determining PAHs in cooking oils. 

• promote inter-laboratory studies in the different Member States of the EU, in order to have 
standard and comparable methods for determining PAHs, PCBs and dioxins and dioxin-like 
compounds in cooking oils. 

• promote studies to establish and standardise simple and rapid new methods of analysis, in 
order to assess the most significant degradation of oils during cooking, in relation to the 
safety of the product. 
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EXECUTIVE SUMMARY 
 
 
Introduction 
 
Used cooking oils constitute a waste generated from activities in the food sector (industries and 
restaurants), which has greatly increased in recent years. This requires alternatives for their 
recycling. The main use at present is in animal feed  and, in a much smaller proportion, in the 
manufacture of soaps, biodegradable (although not recyclable) lubricants or for combustion 
(recovery of energy in industrial plants).  
As a consequence, the use of recycled cooking oils in animal feed must be studied from the point 
of view of safety, particularly after the recent incidents involving dioxin contamination. Other 
toxic substances can also be present in recycled cooking oils. Accumulative and persistent 
contaminants undergo a biomagnification effect, increasing their concentration all along the food 
chain. The most important characteristics of PCBs, dioxins and dioxin-like compounds are that 
they are very liposoluble, poorly degradable and relatively volatile. For these reasons, vegetable 
fat tissues and especially animal tissues are those which permit greater accumulation of such 
substances. PAHs and other liposoluble food degradation compounds also show great 
accumulation and persistence characteristics.  
The main cause of exposure to man of these toxic compounds is the food chain (>95%). Between 
60 and 80% comes from feed or plants ingested by livestock (in the form of food of animal 
origin), and between 40 and 20% from processed foods. The exposure levels of the European 
population to PCBs, dioxins and dioxin-like compounds through diet widely exceeds the Daily 
Intake Allowance values established by the WHO (1-4 pg TEQ/kg weight/day). For this reason, 
the basic criterion of not introducing into the food chain more ingredients (for animal or human 
foodstuffs) which tend to increase these exposure levels must be adopted, including the 
introduction of methods to help reduce these levels. Among the causal factors of this high 
exposure through food, a very high proportion is attributable to animal feed, so that programmes 
for reducing the level of contamination in feeds should be introduced as a priority. Consequently, 
with regard to fats used in the manufacture of feed (including recycled cooking oils), the content 
of these contaminants must be controlled very strictly. In this respect the Commission’s Decision 
99/788/EC, on protective measures with regard to contamination by dioxins of certain products 
of porcine and poultry origin intended for human and animal consumption, includes a specific 
ban against selling products contaminated with more than a certain level of dioxins and/or PCBs, 
and also renders their destruction obligatory. For this ban, this Decision establishes limit values 
of 0.2 pg/g fat for chicken, pork, eggs and their derivatives. 
 
Other liposoluble compounds accumulating in foods are polycyclic aromatic hydrocarbons 
(PAHs). They are also a group of substances which may constitute a significant public health 
problem, and food constitutes the main cause of exposure to them for the non-smoking 
population.  
 
The origin of PAHs in foods is mainly due to the method of food preparation, particularly by 
smoking, although their origin may also be traced to pollution of the environment and deposition 
in plants. The presence of PAHs in foods is estimated in ppb (µg kg-1). Cereals and oils are the 
most contaminated, which should encourage studies on the normal content of PAHs in cooking 
oils and waste cooking oils, where they may have formed during heating to high temperature or 
else partially dispersed by volatilisation. But PAHs, being difficult to eliminate, cannot be 
realistically regulated by the same system and, for this reason, the practical management of 
limiting the presence of PAHs in cooking oils must be very different from the limitation of PCBs 
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and dioxins, whose presence in the environment may be decreased by regulating different 
practices or industrial activities. This has lead the WHO to adopt the concept of socially-
acceptable risk levels for those carcinogenic chemicals whose presence is inevitable or whose 
elimination implies disproportionate economic burdens and actions. 
 
Some products coming from oil degradation during frying and cooking can also show some 
toxicity. Many of these compounds are triacylglycerol dimers, trimers and other polymers, 
whose presence may reach up to 30% of total oil in cooking oils reused to excess. Other 
components of interest are cyclic monomers, compounds which are formed by intramolecular 
ring formation of fatty acids, free or constituting triacylglycerols. These cyclic monomers are 
present to a lesser extent, but they have higher toxicity compared with polymers, mainly due to 
their higher rates of absorption in the body. Presence in cooking oils of oxidised FAs and TGs 
(peroxides, epoxides, etc.) are less relevant, because they are minor and unstable and break down 
to produce other compounds, called secondary oxidation compounds. All these compounds have 
no harmful characteristics. Finally, mention should be made of sterol oxide formation in cooking 
oils. The study of the oxidation of cholesterol is fairly well advanced and harmful effects of these 
compounds on the body have been detected, especially related to development of atherosclerosis.  
 
The use of recycled cooking oils in formulated feed for animal production poses some risks for 
animal health and, as a consequence of bioaccumulation, for consumer health. Assessment of 
these risks and definition of safety parameters and analytical methods for their control are the 
aims of the present study. The main conclusions are given below. 
 

Policy aspects 
 
• Relating to the environmental management of cooking oils: 
 
- There is a need for information on the extent of cooking oil production, and also on its origin. 
At the moment there are no figures on the volume of these oils collected from catering or 
restaurant chains. Such lack of data does not permit to make decisions nor draw conclusions on 
the magnitude of the issue in question.  
 
 - As the collected oils have different origins, this means that they are of different qualities, and 
so a system for classifying the oils would be required, which should be based on the 
measurement of objective parameters. The quality of this waste will consequently have to be 
standardised and limits established for the maximum allowable content of all harmful substances, 
to ensure that after purification and incorporation in animal feeds, they will not give rise to 
particular levels of risk to the animals and finally the consumer.  
 
-The operations of delivery and collection of these waste oils must also be facilitated, so that the 
companies generating the oils may enter more easily into the recycling process. So disposal 
systems must be designed which are easy, do not cause new inconvenience to the companies and 
do not significantly increase their space requirements, financial burden, etc. It is especially 
important to resolve this problem in small restaurants. Despite their small size, it should be 
remembered that in many EU countries, a large number of these places prefer to, or only, cook 
by frying. 
 
-The activities and duties of waste collection agents must be clearly distinguished from those of 
treatment/recycling companies.  
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-The system should be encouraged by the signing of voluntary contracts or agreements being 
signed between establishments which produce used cooking oils and the collection companies. 
This would lead to better control of the entire process by the administration, and greater 
commitment on the part of restaurants to increase the proportion of their waste oil which is 
destined for recycling. Storage for excessively long periods before delivery to the collection 
company must also be avoided. 
 
-Any intermediate agents who may be involved in the handling, transport or storage of waste 
before recycling must be controlled and regulated under the same principles as for collection and 
recycling companies. Therefore, in the case of cooking oils, all operators who may be involved 
must be authorised and monitored, to ensure proper traceability from the origin of production of 
the waste up to the recycled product.  
-Cooking oil collection and transport companies have the most critical role in guaranteeing the 
origin and quality of the oils used. Collection companies have a difficult role, as they must 
ensure that their suppliers (catering establishments and industries) collect the waste oils 
regularly, with information on how they have been treated, and not just occasionally with little 
control over storage times and conditions. All this information is required to ensure traceability, 
and also serves as a guide for the purification process to be used. These collection companies 
must have an established quality system that will ensure the traceability, if necessary, of the end 
product. They must therefore hold the appropriate certification.  
 
- During the collection of oils, collectors must record: a) the name of the supplying company; b) 
the date and estimated quantity collected; c) particular details observed at the time of collection; 
and d) irregularities observed in the appearance of the oil. 
 
- If at any time during operations, cooking oil containers are found to be without identification or 
specifications, or questionable because of a lack of information regarding origin or quality, this 
must be recorded and the relevant state authorities notified. 
 
• Relating to the recycling of cooking oils: 
 
-Cooking oil recycling or purification companies also play a significant role in guaranteeing the 
quality and also origin of the oils they use, and so they can only process cooking oils supplied by 
certificated collection/transport companies.  
 
-Cooking oil purification or recycling companies should be obliged to establish a quality control 
system which allows for the necessary traceability of the end product obtained. They must 
therefore hold the appropriate certification.  
 
-The fatty waste generated in the process of purification or cleaning tanks and the containers 
must be disposed of in an appropriate manner, bearing in mind its contamination level. Any 
waste generated must also be recorded and used for a purpose suited to its level of 
contamination. 
 
• Relating to the use of recycled cooking oils in the manufacture of animal feeds: 
 
-Companies which mix and sell fats as feed ingredients must be obliged to establish a quality 
control system which will ensure the necessary traceability of the end product. They must 
therefore hold the appropriate certification. In addition these companies must analyse (flow 
diagram) all the risks involved in their operations (storage of recycled cooking oils, handling, 
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mixing and transport of fatty materials supplied), as well as the operations carried out by 
previous undertakings (collectors, transporters, recyclers). 
 
-By conducting relevant analyses of the sample they supply and/or by the specifications required 
of their suppliers, companies must ensure that the product delivered meets the minimum quality 
specifications. 
 
-A Draft Directive of the European Parliament and Council on “undesirable substances and 
products in animal nutrition” is in preparation, and should be used advantageously to follow up 
some policy areas relating to recycled cooking oils which are described below, bearing in mind 
the limitations mentioned in the above sections relating to lack of sufficient knowledge for some 
aspects, which does not permit much legislation on certain subjects. 
 
• Relating to food safety and quality control: 
 
-A first means of control is the requirement for all agents in the chain (from the waste oil 
collector to manufacturers of fats for feeds) to have quality control systems, such as HACCP or 
similar. This will ensure traceability and minimum variability in obtaining standard quality and 
safety for fats intended for feeds.  
 
-The control of waste cooking oils will be based on the parameters established for the control of 
these products, and will assess the characteristics of the oils collected in relation to their state of 
degradation, the percentage of water incorporated, particles or foreign bodies from the fried food 
and possibly the presence of harmful contaminants. The results of this control will serve to 
qualify, and also classify, the oils collected and decide whether they will be recycled for use in 
feed or whether they have to be assigned to other purposes.  
 
-The control of recycled oils and their blends destined for feeds will be based on the parameters 
established for the control of these products. These parameters should be able to assess on the 
one hand, the general quality of the recycled fat or oil as a raw material for feeds, and on the 
other hand, the health risk that may be involved in its use. In this case, higher priority should 
perhaps be given to contamination and composition controls.  
 
-In this respect, the difficulties of establishing significant and reliable analytical controls at low 
cost should be taken into account. In particular, the determination of PCBs, dioxins and dioxin-
like compounds involves a technical and economic effort as well as time, which makes routine 
control difficult. 
 
• Relating to consumer information and education: 
 
-The Council Resolutions (86/C 167/01, 87/C 176/03, 89/C 294/01 and 92/C 186/01) and 
Decisions (1999/283/EC) make a special emphasis on “promoting the general safety of goods 
and services and better information on the quality of goods and services”. Very significantly, in 
the areas to be covered by these activities, it highlights the obligation to issue information on the 
potential risks of products and services.  
 
-It has also been observed that the campaigns launched by the European Consumer Centres 
(which represent the EU in the different Member States), separately or in collaboration with 
independent consumers’ organisations, are too general and superficial. There is therefore the 
need for clearer and more specific campaigns which cover only one specific subject, such as 
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cooking oils. In this case, the campaign would firstly allow consumers to be aware of the fact 
that these oils constitute an environmental burden and really are waste, so that specific systems 
must be sought for disposal or recycling with a low and controlled risk. Secondly, it would allow 
a simple approach to the food chain concept and the actual repercussions on health risks of the 
introduction of these recycled oils into feeds. Finally, it would also facilitate a better 
understanding of the global concept of contamination and the fact that all the agents, from the 
producer of the waste to the consumer, have a role to play in the recycling chain and in 
controlling the risk. The information campaign should also give training to help consumers 
understand the information issued in the press or by the authorities, on public health problems 
and accidents in this field. 
 
-The consumers’ organisations may carry out a major role in three basic areas: 1) Supervision of 
compliance with current regulations; 2) Participation in information campaigns, individually or 
in association with the EU European Consumer Centres; and 3) Promotion of activities 
increasing the culture of waste collection and recycling by companies. 
 
-In this respect, it should be noted that there appears to be a failure to implement measures which 
the Commission could take to seek improvement in this field and to cover the priorities included 
(among other legal texts) in the Council Resolution 92/C 186/01 on priorities in the 
implementation of the consumer protection policy. This text includes a section on “Consumer 
representation”, which very specifically influences “the promotion of the development of 
consumer associations” and “increased representation of consumers at all levels, with a view to 
improving dialogue between the different agents”. 
 

 
Technological aspects 

 
• Relating to the frying process: 
 
-Continuous industrial frying systems have evolved considerably over the last few decades, with 
the main advantage that the amount of waste oils discarded at the end of the production day has 
been drastically reduced. However, in catering/restaurant establishments, whether large or small, 
the use of discontinuous frying systems and different cooking practices prevents a reduction in 
waste oil effluent, which must be recycled or destroyed.  
 
-The continuous system could cause the liposoluble contaminants given off by foods into the 
fatty frying medium (in particular PCBs, dioxins and furans and PAHs) to be especially 
concentrated. The effect of their accumulation in the fatty medium should also be examined, as 
their persistence in some cases is also subject to their possible partial volatilisation. Currently 
there are insufficient studies to assess this fact. 
 
-Another important aspect is the comparative and systematic study of the formation of different 
degradation compounds, in relation to the fatty acid composition of the oil used and the other 
characteristics of the frying process. So although much data is available resulting from 
experimental studies on models of heating fats and pure fatty acids and TGs, there are no 
systematic studies of oils in commercial use of different compositions, which examine the 
isolation of possibly harmful degradation compounds. 
 
• Relating to the cooking oil recycling process: 
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-The field of technology for the purification of cooking oils is not well developed, and the work 
that has been carried out has not been adequately coordinated with commercial interests and the 
interests of society or the administration, which aim to improve consumer safety. Basically, the 
simplest purification systems consist of agitating waste cooking oils with water and then 
decanting and/or centrifuging. This very simple procedure may be highly effective for 
eliminating a large proportion of the water which accompanies these oils, and also for 
eliminating solid particles or impurities from the fried foods. However, it obviously does not 
permit proper purification of the oil, as the oil degradation compounds and liposoluble 
contaminants are retained in the recovered (recycled) oil. Nor have studies been conducted to 
assess the efficacy of these purification processes on different components of the waste cooking 
oil. It may be assumed that this purification system might be sufficient for oils with only slight 
degradation (not exceeding the limit of 25% Polar compounds), but with highly degraded oils, 
this system would not allow recycled oils to obtain rather demanding minimum quality 
specifications. 
 
-In the case of highly degraded oils, if it is felt that their production volume is high and it is 
considered necessary to recycle them for food purposes (feeds), more effective purification 
systems must be examined. An economic assessment of the application of these processes should 
also be carried out, to assess the effect on the costs of the final product as a raw material for 
feeds. 
 
-Systems have been described for cleaning vegetable raw materials for feeds, which permit a 
reduction of up to 50% of contamination from dioxins, with a view to trying to reduce the total 
burden of these contaminants brought into the food chain. Methods should also be studied for 
reducing this burden in fatty raw materials. 
 
• Relating to the analytical control of oils and feeds: 
 
-The current level of analytical methods for analysing organic microcomponents (such as PCBs, 
dioxins and furans and PAHs) is adequate for determining very small quantities of a substance in 
any sample. However, this is achieved at the cost of having to use very expensive equipment 
which at the moment is not available in many laboratories. This prevents significant progress 
being made in the use of reliable, standardised methods which can be applied in a sufficient 
number of laboratories in order to generate sufficient reliable data on the contamination present 
in cooking oils in particular, and in foods and other media in general.  
 
-Hence there are still no specific data on the presence of these contaminants in cooking oils, and 
also many existing data on contamination in all kinds of media (particularly in animal feeds) are 
in many cases debatable because of their relative significance. Above all, comparable data 
between different countries on the exposure of the population, cannot be established. 
 
-The specific determination of some oil degradation compounds, such as cyclic monomers or 
sterol oxides presents a similar problem to that discussed above for contaminants, of needing 
very long and complex procedures for isolation/purification and expensive equipment for 
determination/identification. This also leads to a lack of reliable data about their actual presence 
in feeds and foods.  
 
-The lack of standardisation, and especially reference standards, is still an important factor for 
these analytical determinations of both contaminants and the degradation microcomponents 
mentioned.  
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Part A - OPTIONS 
 
 

1. Introduction and aims 
 
Consumer concern about health, and the repercussions food has on health, is an issue of growing 
importance in EU countries. European and Member State institutions should therefore respond 
accordingly, and establish the necessary measures for ensuring the protection of consumer health 
via food. Institutions should also make sure that there is suitable and sufficient information for 
consumers, to help them understand the risks involved in the food chain and assess these risks 
more objectively. Adequate consumer confidence must be encouraged by the existence of risk 
control systems to prevent the occurrence of foreseeable accidents. Training or education should 
also be encouraged at all levels of the food chain, from the producer to the consumer, to improve 
attitudes and systems that will eliminate preventable risks. 
 
The recent cases of dioxin contamination in chicken and other foods, in high concentrations, and 
also other cases relating to waste used as raw materials in feeds, have urged EU institutions to 
promote the objective study of all aspects involved in the process, so that reasonable measures 
may be adopted to prevent further accidents, and to avoid drastic and ill conceived measures. 
This has led to the present study to assess cooking oils which, as waste from commercial food 
activities (catering industries and services), present a burden on the environment and are 
therefore currently recycled mainly for use as fatty raw materials in poultry and livestock feeds. 
This study is thus an example which permits an assessment of how the entire food chain should 
be continuously controlled (traceability) to prevent public health risks. 
 
The main aim of this report is to assess the risk involved in the different operations included in 
the process under examination, which are: 
 
• Frying of foods 
• Collection and handling of used cooking oils 
• Recycling or purification of these oils 
• Use of recycled oils in animal feeds 
• Food safety and quality control 
 
Given below are the policy options relating to these aims, to be taken by EU institutions to help 
improve those aspects which are currently covered inadequately and which do not ensure the 
protection of consumer health. 
 
• Information on production levels of these cooking oils in the different EU countries. 
• Determination of the composition (degree of degradation) and normal level of contamination 

of used cooking oils. Possible classification of such waste according to these criteria. 
• Assessment of systems for recycling and purifying used cooking oils. 
• Standardisation of the quality and safety of oils recycled for use as raw materials in feeds.  
• Establishment of requirements for the use of recycled oils as raw materials in feeds. 
• Use of quality systems throughout the entire chain, to achieve integrated risk control and 

ensure traceability. 
 
Also listed are the most significant technological options which should lead to an improvement 
in the whole system, covering such important areas as: 
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• Reduction of the production of waste frying oils (by improving frying systems). 
• Reduction of the concentration of contaminants such as PCBs, dioxins and dioxin-like 

compounds in recycled oils (by improving recycling/purification systems). 
• Improvement of rapid systems for analytical quality control of used and recycled oils. 
 
These policy Options and technological Options are divided into Sections 2 and 3, respectively, 
corresponding to the fields of the agents involved in the chain of generation and utilisation of 
used cooking oils (see flow diagram in Part B, Section 2.5). 
 
 
 

2. Policy options (for the European Parliament and Commission) 
 
2.1. Options relating to the environmental management of cooking oils 
 
Background 
 
The Commission is working hard to encourage an improvement in waste management within the 
different Member States, but it should be noted that although many recommendations are being 
issued, as yet there is little legislation. In this respect, an easy first step would be to improve the 
implementation of Article 12 of Directive 75/442/EEC on waste, which establishes that Member 
States must prepare a report every three years on the production of waste in their respective 
countries. This would provide information on the extent of cooking oil production, and also on 
their origin and the States with the highest production of such waste. At the moment there are no 
figures on the volume of these oils collected from catering or restaurant chains. The few figures 
available in EU countries are not very reliable or significant, because they are always the result 
of partial evaluations which only take account of a proportion of the total sector generating the 
waste. At the outset there is therefore a lack of data on which to base decisions or draw 
conclusions on the magnitude of the issue in question. However, in nearly all countries the 
implementation of regulations on urban waste, which include the collection of oils, is leading to 
better knowledge of the actual production volume of this cooking waste. The Waste Plans 
introduced by the Member States aim to achieve the collection of a very high percentage out of 
the total quantity produced, within a period of 5 to 10 years. 
 
Furthermore, according to the European Waste Catalogue, cooking oils are classified under 
Heading 2 (agri-foodstuffs industries) and qualified as non-hazardous waste. Consequently 
Member States are not obliged to declare data on the collection of cooking oils. It would be 
advisable for Member States to be encouraged (by Recommendations) to draw up statistics on 
the production and collection of used cooking oils, which would be easier and more effective via 
municipal authorities. This would make it possible to assess the actual flow of this waste, and at 
the same time identify and control the agents producing it, and then carry out collection 
campaigns and other relevant activities. 
 
In accordance with Section 3, Article 5, of Directive 1999/31/EC on the landfill of waste, it is 
specifically prohibited to dispose of liquid waste at any landfill. For this reason cooking oils are 
currently reused, mainly as ingredients in farm animal feeds, while other uses are minor (for 
combustion, lubricants or soaps). This preferred use in feeds reintroduces the waste into the food 
chain, so prior purification is necessary until the product meets a minimum level of quality 
characteristics (safety).  
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The main producers of this type of waste oils are the frying shop industries, catering 
establishments and small restaurants or bars. This waste could be managed for recycling, with 
guarantees of quality, by the adoption of appropriate measures. The production of domestic 
waste oils is considerably more difficult to manage, and only a programme promoted by local 
authorities could introduce a system for selective collection and reuse, although it would not be 
possible to provide a full assurance of quality. As the collected oils have different origins, this 
means that they are of different qualities, and so a system for classifying the oils would be 
required, which should be based on the measurement of objective parameters. 
 
These objective parameters relate to the harmful substances that may be present in cooking oils. 
These substances can basically be classified into two types: a) compounds originating from the 
degradation of oil (for further information see Technical File 2.2 and Part B 2.1); and b) 
liposoluble contaminants, including PCBs, dioxins and dioxin-like compounds, and also PAHs 
(for further information see Technical File 3.1. and Part B). These compounds must be limited in 
oils for toxicological reasons, especially PCBs and dioxins (see Technical File 3.1.2 and Part B 
2.2.1), although some compounds resulting from the degradation of oils have also shown some 
toxicity (see Technical File 2.3 and Part B 2.2.3). There are insufficient data to determine the 
level of extraction of contaminants from foods subjected to frying, a process which increases the 
level of these liposoluble contaminants (PCBs, dioxins and dioxin-like compounds) in the used 
oil. These data are essential for finding out whether waste oils constitute a significant carrier of 
these contaminants in feed towards their accumulation in animals for consumption. 
  
The quality of this waste will consequently have to be standardised and limits established for the 
maximum allowable content of all harmful substances, to ensure that after purification and 
incorporation in animal feeds, they will not give rise to particular levels of risk to the animals 
and finally the consumer. Part B, Section 3.4 gives a possible indication of the values of some 
parameters which would enable firstly the general quality of cooking oils to be controlled, and 
secondly the safety of their use in feeds to be assessed.  
 
Apart from efficient standardisation of this waste, which is essential for its institutional control, 
there must be an awareness of the benefit that may result from recycling these waste oils and of 
the fact that the agent (the producer of these oils) is one of the parties who can do most to 
improve the whole recycling process. This improvement in awareness and trend towards the 
collection and delivery of waste oil can only be achieved through campaigns by the 
administration (EU and Member States) aimed at such companies, informing, educating and 
emphasising the beneficial role towards society and the environment of their participation in 
recycling processes. Secondly, apart from an increase in awareness, the operations of delivery 
and collection of these waste oils must also be facilitated, so that the companies generating the 
oils may enter more easily into the recycling process. So disposal systems must be designed 
which are easy, do not cause new inconvenience to the companies and do not significantly 
increase their space requirements, financial burden, etc. It is especially important to resolve this 
problem in small restaurants. Despite their small size, it should be remembered that in many EU 
countries, a large number of these places prefer to, or only, cook by frying. 
 
As regards the organisation of the systematic and controlled collection of these oils from the 
places of production, various aspects should be discussed: 
 
- The activities and duties of waste collection agents must be clearly distinguished from those 

of treatment/recycling companies.  
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- The system should be encouraged of voluntary contracts or agreements being signed 
between establishments which produce used cooking oils and the collection companies. This 
would lead to better control of the entire process by the administration, and greater 
commitment on the part of restaurants to increase the proportion of their waste oil which is 
destined for recycling. 

- Companies dedicated to the collection and transport of these oils should separate these 
activities from those relating to other materials or waste. In particular, the collection and 
handling of fatty materials intended for animal consumption must be physically separated 
from those involving other materials for non-food use, especially mineral oils.  

 
Article 10 of Directive 75/442/EEC on waste establishes that all Member States must control any 
intermediate agents who may be involved in the handling, transport or storage of waste before 
recycling, and who will therefore also have to be regulated under the same principles as for 
collection and recycling companies proper. In the case of cooking oils therefore, all operators 
who may be involved must be authorised and monitored, to ensure proper traceability from the 
origin of production of the waste up to the recycled product. This is of fundamental importance 
in order to minimise the risks inherent to the process, and which in the past have given rise to 
accidents caused by contamination of these oils during one of the stages of handling or storage. 
In the case of frying/catering companies which supply waste oils for purification or recycling, 
the need to have established quality systems is not so critical, although there must be certain 
standard practices and some controls which ensure that the oils are not reused to excess, are not 
collected in dirty containers and are not mixed with other waste. Storage for excessively long 
periods before delivery to the collection company must also be avoided. Companies supplying 
waste cooking oils must also meet certain requirements of the Directive 93/43/EEC on hygiene, 
because they serve as producers of raw materials for the food chain. Specifically, these 
companies must be required to comply strictly with the following points: 
 
- Companies supplying waste cooking oils must store their waste oil in suitable clean containers. 
The best system is for these containers to be provided by the collection or purification company 
with whom the contract is held. 
 
- A record must be kept of the dates when waste oil is collected and of the approximate 
quantities. 
 
- The collection containers must be kept in a separate area with controlled access, to avoid 
possible contamination. Any deterioration of the containers must also be monitored, and they 
must be replaced in good time. 
 
- When a waste oil is observed with irregular characteristics, this oil will be kept separately for 
disposal, with no possibility of it being mixed with the oil given to the collection company for 
eventual use in the manufacture of feedstuffs. 
 
Cooking oil collection and transport companies have the most critical role in guaranteeing the 
origin and quality of the oils used. Collection companies have a difficult role, as they must 
ensure that their suppliers (catering establishments and industries) collect the waste oils 
regularly, with information on how they have been treated, and not just occasionally with little 
control over storage times and conditions. All this information is required to ensure traceability, 
and also serves as a guide for the purification process to be used. These collection companies 
must have an established quality system that will ensure the traceability, if necessary, of the end 
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product. They must therefore hold the appropriate certification. Within their quality control 
system, they must ensure that the following basic measures are present: 
 
- They must make sure that the oils collected meet the minimum quality/safety requirements. 
They must record batches of oil which are rejected because they do not meet these specifications. 
 
- They must inform the appropriate authority if they find a delivered batch of cooking oil which 
does not meet the specifications (risk to public health). These batches must be clearly marked 
and physically separated from containers of cooking oils suitable for recycling. 
 
- They must establish systems for avoiding contamination hazards (with risks to public health) 
from the cooking oils they handle, caused by faulty methods of cleaning storage containers or 
transportation tanks. 
 
- They must keep records of all entries (quantities and origin) of oils collected and all despatches 
of oils supplied (quantities and destinations). 
 
- During the collection of oils, collectors must record: a) the name of the supplying company; b) 
the date and estimated quantity collected; c) particular details observed at the time of collection; 
and d) irregularities observed in the appearance of the oil. 
 
- If at any time during operations, cooking oil containers are found to be without identification or 
specifications, or questionable because of a lack of information regarding origin or quality, this 
must be recorded and notified to the relevant state authorities. 
 
Options 
 
• To prohibit the direct use of these cooking oils for food applications without recycling.  
 
• To promote the keeping of statistics on the production and importation of cooking oils by the 

different Member States of the EU. 
 
• To encourage the system of voluntary collection agreements or contracts between producers 

and collectors of cooking oils. The failure to comply with any of the quality control system 
requirements or current health regulations would lead to the termination of the contract. 

 
• To encourage the certification of cooking oil collection companies. 
 
• To regulate that the supply of used cooking oils is only from companies with established 

contracts (voluntary agreements) for collection by certificated collection companies. 
 
• To establish requirements for minimum quality specifications of cooking oils delivered for 

recycling (and subsequent use in feeds). To prohibit the dilution of such waste oils with other 
fatty materials to enable them meet the minimum specifications, or to simulate recycled oils. 

 
• Education/information campaigns to improve usage in cooking, at the different 

establishments which produce waste. 
 
• To carry out studies to understand the intake level of PAHs from food, as this appears to be 

the main cause of exposure for non-smoking consumers.  
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• Studies to establish the content of PCBs, dioxins and dioxin-like compounds and PAHs 

before and after use of oils and fats in cooking of food, in order to find out to what level 
these substances form, accumulate and remain in the oil during the cooking processes. It is 
recommended that these studies be carried out in line with the origin and composition of the 
oil used. 

 
• To promote the voluntary participation of catering companies in eco-management 

programmes or schemes (Regulation (EEC) No 1836/93). 
 
2.2. Options relating to the recycling of cooking oils 
 
Background 
 
Cooking oil recycling or purification companies also play a significant role in guaranteeing the 
quality and also origin of the oils they use, and so they can only process cooking oils supplied by 
certificated collection/transport companies. Cooking oil purification or recycling companies 
should be obliged to establish a quality control system which allows for the necessary 
traceability of the end product so obtained. They must therefore hold the appropriate 
certification. In addition these companies must analyse (flow diagram) all the risks involved in 
their operations (storage of cooking oils, purification treatments, handling, storage and transport 
of the recycled oil), as well as the operations carried out by previous undertakings (collectors, 
transporters) to ensure the quality/safety of the purified product they will be delivering. These 
companies must hold a register of all their activities, with quantity data relating to the total flow 
of fatty materials, to ensure the traceability of all oil entering the process and destined for the 
food chain or other non-food uses. They must have a suitable system for marking tanks, drums 
and other containers, so that the type of product they contain can be identified at any time and 
errors avoided that could lead to a break in tracing the end product. Any variations observed 
must be recorded with as much information as possible, the batches must be set aside and the 
relevant authorities must always be informed. 
 
The fatty waste generated in the process of purification or cleaning tanks and containers must be 
disposed of in an appropriate manner, bearing in mind its contamination level. For example, 
waste from tank cleaning, if it is of good quality, may be used in feed provided its quality/safety 
is strictly controlled (it must meet the minimum requirements of recycled oils). Any waste 
generated must also be recorded and used for a purpose suited to its level of contamination. 
 
 
Options 
 
• To regulate the procedures authorised for recycling cooking oils. 
 
• Obligatory recycling of only cooking oils supplied by collection/transport companies with 

whom there are contracts or agreements and who are certificated for this activity. 
 
• To establish minimum quality specification requirements for recycled cooking oils which are 

delivered for use in feeds.  
 
• Obligatory recycling of such cooking oils in plants which are physically separate from those 

used for recycling other products or waste for non-food uses (especially mineral oils). 
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• To promote advisory programmes, together with research centres, institutions and 

companies, in order to establish priorities for research and development in this field. 
 
 
 
 
2.3. Options relating to the use of recycled cooking oils in the manufacture of animal feeds 
 
Background 
 
The exposure levels of the European population to PCBs, dioxins and dioxin-like compounds 
through diet is very high (for further information see Technical File 3.1.3). Existing data show 
that they widely exceed the Daily Intake Allowance values established by the WHO (1-4 pg 
TEQ/kg weight/day). For this reason, the basic criterion must be adopted of not introducing into 
the food chain more ingredients (for animal or human foodstuffs) which tend to increase these 
exposure levels, but instead to introduce those which help reduce these levels. Among the causal 
factors of this high exposure through food, a very high proportion is attributable to animal feeds, 
so that programmes for reducing the level of contamination in feeds should be introduced as a 
priority. Consequently, with regard to fats used in the manufacture of feeds (including recycled 
cooking oils), the content of these contaminants must be controlled very strictly. In this respect 
the Commission’s Decision 99/788/EC, on protective measures with regard to contamination by 
dioxins of certain products of porcine and poultry origin intended for human and animal 
consumption, includes a specific ban against selling products contaminated with more than a 
certain level of dioxins and/or PCBs, and also renders their destruction obligatory. For this ban, 
this Decision establishes limit values of 0.200 pg/g fat for chicken, pork, eggs and their 
derivatives. Consequently limits for these contaminants in feeds must be established, in order to 
avoid this limit of 0.200 pg being exceeded in products intended for human consumption. These 
values must be adjusted as appropriate in the draft amendments to the Directive which regulates 
undesirable substances in animal feeds. 
 
Companies which mix and sell fats as feed ingredients must be obliged to establish a quality 
control system which will ensure the necessary traceability of the end product. They must 
therefore hold the appropriate certification. In addition these companies must analyse (flow 
diagram) all the risks involved in their operations (storage of recycled cooking oils, handling, 
mixing and transport of fatty materials supplied), as well as the operations carried out by 
previous undertakings (collectors, transporters, recyclers), to ensure the quality/safety of the end 
product they deliver. Companies must have a system for documenting quality so that all the 
necessary data for analysing variations can be recorded and appropriate measures introduced for 
correction. In particular, the companies must make sure that the following requirements are met: 
 
- By conducting relevant analyses on the sample they supply and/or by the specifications 
required of their suppliers, companies must ensure that the product delivered meets the minimum 
quality specifications. 
 
- They must keep a record of all their activities, with quantity data relating to the total flow of 
fatty materials, in order to ensure the traceability of any recycled oil which enters the process and 
is intended for the food chain or other non-food applications. 
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The importation of fats for use in feeds, with a total or partial content of recycled oils, sometimes 
escapes the controls to which fats coming from the EU are subject. This may lead to a lack of 
traceability and public health problems. Companies importing fats for feeds must hold the 
corresponding certification; the same as that required for an EU company selling fats. The 
quality control system, however, needs to be more complex, as it also has to cover the import 
stages. Moreover these companies have to comply with the other requirements stated for sales 
companies, always with the ultimate aim of ensuring that they meet the required quality/safety 
specifications and that all the necessary information to ensure the traceability of the product can 
be guaranteed. 
 
A Draft Directive of the European Parliament and Council on “undesirable substances and 
products in animal nutrition” (2000/C 89 E/14) is in preparation, and should be used to 
advantage to follow up some policy areas relating to recycled cooking oils which are described 
below, bearing in mind the limitations mentioned in the above sections relating to lack of 
sufficient knowledge on some aspects, which does not permit much legislation on certain 
subjects. 
 
 
Options 
 
• Harmonisation of legislation between Member States, with regard to contamination of raw 

materials for feeds. 
 
• Study and possible draft amendment of Directive 1999/29/EC on the undesirable substances 

and products in animal nutrition, in order to establish whether normal contamination from 
PCBs and dioxins, and also PAHs in recycled cooking oils is regulated in a realistic manner.  

 
• Regulation for the presence of recycled cooking oils in fatty raw materials for feeds, 

requiring provision of a specification report on the quality of the fat supplied, with specific 
mention of what these recycled oils contain and in what proportion. 

 
• Promotion of studies to determine the limit values of particular analytical parameters in 

recycled cooking oils and their blends with other fats intended for animal feed. Not only 
contaminants but also certain oil degradation products must be included. 

 
• Revision of the toxicity thresholds and maximum quantities of PCBs and dioxins in raw 

materials for feeds. 
 
• Ban against the use of waste cooking oils in the manufacture of fatty materials for feeds, or 

in the manufacture of feeds, without recycling.  
 
• Regulation of the importation of recycled cooking oils or their blends, such that they meet 

the same quality and traceability requirements as those for oils produced within the EU. 
 
• Promotion of advisory programmes, together with research centres, institutions and 

companies, in order to establish priorities in relevant research and development. 
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2.4. Options relating to food safety and quality control 
  
Background 
 
A first means of control, discussed in the above points, is the requirement for all agents in the 
chain (from the waste oil collector to manufacturers of fats for feeds) to have quality control 
systems, such as HACCP or similar. This will ensure traceability and minimum variability in 
obtaining standard quality and safety for fats intended for feeds. Furthermore, quality control 
must use tools for assessing the level of quality which must be required of each product in 
relation to its own characteristics. The analytical control of such oils and fats will thus be 
directed differently in the following two cases. 
 
Firstly, the control of waste cooking oils will be based on the parameters established for the 
control of these products, and will assess the characteristics of the oils collected in relation to 
their state of degradation, the percentage of water incorporated, particles or foreign bodies from 
the fried food and possibly the presence of harmful contaminants. The results of this control will 
serve to qualify, and also classify, the oils collected and decide whether they will be recycled for 
use in feed or whether they have to be assigned to other purposes (for further information, see 
Part B 3.3 and Technical File 5.1 and 5.2).  
 
Secondly, the control of recycled oils and their blends destined for feeds will be based on the 
parameters established for the control of these products. These parameters will need to be stricter 
in order to be able to assess on the one hand, the general quality of the recycled fat or oil as a raw 
material for feeds, and on the other hand, the health risk that may be involved in its use. In this 
case, higher priority should perhaps be given to contamination and composition controls than in 
the previous case, and lower priority to the overall degradation parameters, which will be more 
conclusive in the previous case (for further information, see Part B 3.3 and Technical File 5.1 
and 5.2). 
 
In this respect, the difficulties of establishing significant and reliable analytical controls at low 
cost should be taken into account. In particular, the determination of PCBs, dioxins and dioxin-
like compounds involves a technical and economic effort as well as time, which makes routine 
control difficult (for further information, see Part B 3.2 and Technical File 5.2). 
 
 
Options 
 
• To establish systematic qualitative and quantitative administrative controls, in order to 

establish clearly the activities of the companies involved in the collection, handling and 
recycling/purification of cooking oils, and also the manufacture of fats for feeds.  

 
• To promote studies on the description and classification of cooking oils for recycling 

(reference values of various parameters). 
 
• To promote studies on the description of recycled cooking oils (minimum quality and safety 

requirements).  
 
• To establish names for recycled oils and their blends with other fats, for use as raw materials 

in feeds.  
 



 

 26

• To promote the implementation of integrated control systems for the whole chain of agents 
involved in the handling of these waste oils, in order to provide a simplified system which 
ensures the traceability of the whole process. 

 
• To promote the use of rapid analysis tests by frying and catering companies, to improve 

quality control of discarded oils. 
 
• Toxicity studies on experimental animals to assess the degradation compounds of oils (cyclic 

monomers, dimers, secondary oxidation compounds and sterol oxides) originating during 
frying, in particular to understand the relationship between chemical structure and toxic 
effect. 

 
 
2.5. Options relating to consumer information and education 
 
Background 
 
The Council Resolution (86/C 167/01) approved the objective of "taking greater account of 
consumers' interests in other community policies, in particular regarding improvements to the 
quality of products”, and it also “endorsed the value of consumer education and information in 
protecting consumers' interests and enabling them to derive maximum benefit”. Subsequently, 
the Council issued other Resolutions (87/C 176/03, 89/C 294/01 and 92/C 186/01) and Decisions 
(1999/283/EC) which went into further detail in this field, with special emphasis on “promoting 
the general safety of goods and services and better information on the quality of goods and 
services”. Very significantly, in the areas to be covered by these activities, it highlights the 
obligation to issue information on the potential risks of products and services. Another of these 
resolutions also directly includes within the priorities of the policy of protection and promotion 
of the consumer’s interests, “consumer information and training on recycling programmes”, 
which will include the case of cooking oils. 
 
It has also been observed that the campaigns launched by the European Consumer Centres 
(which represent the EU in the different Member States), separately or in collaboration with 
independent consumers’ organisations, are too general and superficial. There is therefore the 
need for clearer and more specific campaigns which cover only one specific subject, such as 
cooking oils. In this case, the campaign would firstly allow consumers to be aware of the fact 
that these oils constitute an environmental burden and really are waste, so that specific systems 
must be sought for disposal or recycling with a low and controlled risk. Secondly, it would allow 
a simple approach to the food chain concept and the actual repercussions on health risks of the 
introduction of these recycled oils into feeds. Finally, it would also facilitate a better 
understanding of the global concept of contamination and the fact that all the agents, from the 
producer of the waste to the consumer, have a role to play in the recycling chain and in 
controlling the risk. The information campaign should also give training to help consumers 
understand the information issued in the press or by the authorities, on public health problems 
and accidents in this field. 
 
The consumers’ organisations may carry out a major role in three basic areas: 
 
- Supervision of compliance with current regulations, as the EU does not have responsibilities 

of inspection with regard to the environment, and it is the consumer who de facto acts as 
inspector, detecting irregularities and notifying them in the form of complaints. 
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- Participation in information campaigns, individually or in association with the EU European 
Consumer Centres, on specific subjects (such as cooking oils), in order to facilitate an 
understanding of many aspects relating to waste, the prevention of its generation and its 
recycling possibilities, and to encourage the use of recycled products, etc.  

- The role of these organisations may also be useful for encouraging the culture of waste 
collection and recycling by companies. In this respect, it should be noted that there appears to 
be a failure to implement measures which the Commission could take to seek improvement 
in this field and to cover the priorities included (among other legal texts) in the Council 
Resolution 92/C 186/01 on priorities in the implementation of the consumer protection 
policy. This text includes a section on “Consumer representation”, which very specifically 
influences “the promotion of the development of consumer associations” and “increased 
representation of consumers at all levels, with a view to improving dialogue between the 
different agents”. 

 
 
Options 
 
• Education/information campaigns for improving consumer knowledge on all aspects relating 

to waste oils and risks involved in their use. 
 
• Campaigns and availability of texts for introducing these subjects in school education. 
 
• Actions aimed at improving knowledge in this specific field, via the media. 
 
• Establishment of rapid systems for supply of information, by EU institutions, in specific 

cases of major incidents with public health risks. 
 
• Establishment of programmes of collaboration between the EU administration and consumer 

organisations to improve the operation of control and information systems. 
 
 
 

3. Technological options 
 

3.1. Options relating to the frying process 
 
Background 
 
Continuous industrial frying systems have evolved considerably over the last few decades, with 
the main advantage that the amount of waste oils discarded at the end of the production day is 
drastically reduced, since the vat is re-filled during frying of successive batches of food, which 
absorb a certain proportion of the oil in the vat. This fact is of great interest from the 
environmental point of view, because the overall amount of waste is reduced. However, in 
catering/restaurant establishments, whether large or small, the use of discontinuous frying 
systems and different cooking practices prevents a reduction in waste oil effluent, which must be 
recycled or destroyed.  
 
On the other hand, the continuous system could cause the liposoluble contaminants given off by 
foods into the fatty frying medium (in particular PCBs, dioxins and furans and PAHs) to be 
especially concentrated. The effect of their accumulation in the fatty medium should also be 
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examined, as their persistence in some cases is also subject to their possible partial volatilisation. 
Currently there are insufficient studies to assess this fact. 
 
Another important aspect is the comparative and systematic study of the formation of different 
degradation compounds, in relation to fatty acid composition of the oil used and the presence of 
different types and quantities of natural or synthesised antioxidants. So although much data is 
available resulting from experimental studies on models of heating fats and pure fatty acids and 
TGs, there are no systematic studies of oils in commercial use of different compositions, which 
examine the isolation of possibly harmful degradation compounds (see Technical File 2.3 and 
Part B 2.2.3). Moreover, there are still very few studies which evaluate the efficacy of adding 
various antioxidants to prevent the formation of the different groups of degradation products. 
There are also few systematic studies on commercial oils concerning the effect of temperature. 
 
Options 
 
• To promote the use of continuous frying systems in large catering establishments. 
 
• To promote studies to improve discontinuous systems or to design new small-capacity 

equipment, with a view to reducing the volume of waste oil. 
 
• To promote studies to understand the migration level of liposoluble contaminants from the 

food to the frying medium, and its level of accumulation and persistence. 
 
• To promote studies on frying processes under commercial conditions, to assess the capability 

for forming different harmful degradation compounds. Of primary importance are studies on 
the fatty acid composition of oils used and its relationship with the use of different 
antioxidants. 

 
• To promote studies on optimising certain frying conditions with regard to the formation of 

harmful degradation products, especially temperature. 
 
• To promote technology transfer programmes, to extend as much as possible the results of 

previous studies to catering companies. 
 
3.2. Options relating to the cooking oil recycling process 
 
Background 
 
The field of technology for the purification of cooking oils is not well developed, and the work 
that has been carried out has not been adequately coordinated with commercial interests and the 
interests of society or the administration, which aim to improve consumer safety. Basically, the 
simplest purification systems consist of agitating waste cooking oils with water and then 
decanting and/or centrifuging. This very simple procedure may be highly effective for 
eliminating a large proportion of the water which accompanies these oils, and also for 
eliminating solid particles or impurities from the fried foods. However, it obviously does not 
permit proper purification of the oil, as the oil degradation compounds and liposoluble 
contaminants are retained in the recovered (recycled) oil. Nor have studies been conducted to 
assess the efficacy of these purification processes on different components of the waste cooking 
oil. It may be assumed that this purification system might be sufficient for oils with only slight 
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degradation (not exceeding the limit of 25% PC), but with highly degraded oils, this system 
would not allow recycled oils to obtain rather demanding minimum quality specifications. 
 
In the case of highly degraded oils, if it is felt that their production volume is high and it is 
considered necessary to recycle them for food purposes (feeds), more effective purification 
systems must be examined. On the basis of procedures already used in the refining of oils and 
fats for human consumption, and also by studying different fractionating procedures based on 
selective adsorption/elution (for example changes in the PC determination procedure), more 
effective recycling processes could be established to recover more highly degraded oils. An 
economic assessment of the application of these processes should also be carried out, to assess 
the effect on the costs of the final product as a raw material for feeds. 
 
Systems have been described for cleaning vegetable raw materials for feeds, which permit a 
reduction of up to 50% of contamination from dioxins, with a view to trying to reduce the total 
burden of these contaminants brought into the food chain (UBA, 1996). Methods should also be 
studied for reducing this burden in fatty raw materials. 
 
 
Options 
 
• To promote studies on the efficacy of the purification/recycling processes currently used on 

different quality/safety parameters of the recycled oil. 
 
• To promote studies on new recycling systems for cooking oils, which would permit greater 

elimination of liposoluble contaminants and the more harmful oil degradation compounds. 
 
• To promote technology transfer programmes to extend as much as possible the results of 

previous studies to cooking oil recycling companies. 
 
• Economic feasibility studies on the application of different systems for recycling these waste 

oils, to achieve minimum quality limits to be required of these products, as raw materials for 
feeds. 

 
 
3.3. Options relating to the analytical control of these oils and feeds 
 
Background 
 
The current level of analytical methods for analysing organic microcomponents (such as PCBs, 
dioxins and furans and PAHs) is adequate for determining very small quantities of a substance in 
any sample. However, this is achieved at the cost of having to use very expensive equipment 
which at the moment is not available in many laboratories. This prevents significant progress 
being made in the use of reliable, standardised methods which can be applied in a sufficient 
number of laboratories in order to generate sufficient reliable data on the contamination present 
in cooking oils in particular, and in foods and other media in general. Moreover, the necessary 
procedures for isolating and concentrating these contaminants prior to their analysis are too 
complex. This means that only laboratories with highly developed techniques and which have 
the necessary expensive equipment can carry out such analyses. 
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Hence there are still no specific data on the presence of these contaminants in cooking oils, and 
also many existing data on contamination in all kinds of media (from the soil and water, to 
samples of animal and human foods) are in many cases debatable because of their relative 
significance. Above all, comparable data between different countries on the exposure of the 
population, cannot be established. 
 
With regard to determining the compounds formed by the degradation of oil during cooking, 
methods have progressed considerably during the last few years and it is already becoming 
possible to determine very specific fractions which may present a higher risk (see Technical File 
5.21 and Part B 3.21). However, the specific determination of some compounds, such as cyclic 
monomers or sterol oxides present a similar problem to that discussed above for contaminants, of 
needing very long and complex procedures for isolation/purification and expensive equipment 
for determination/identification (usually (GC/MS).  
 
The lack of standardisation, and especially reference standards, is still an important factor for 
these analytical determinations of both contaminants and the degradation microcomponents 
mentioned. The CEN (European Standards Committee) has some reference standards for the 
determination of dioxins, but there are still none for PCBs. In addition, reference standards for 
cooking oils covering PAHs, PCBs and dioxins and dioxin-like compounds must be available to 
encourage the generation of reliable data on contamination from these raw materials. 
 
 
Options 
 
• To promote studies to define rapid methods for extraction/purification and to determine 

contaminants in cooking oils, with a sufficient level of selectivity and sensitivity.  
 
• To establish collaboration programmes between scientific institutions from the different 

Member States for the development of reference standards, in particular in order to determine 
PCBs and PAHs in cooking oils, and also to develop comparative exercises for standardising 
analysis methods. 

 
• To establish collaboration programmes between scientific institutions from the different 

Member States for the development of reference standards for determining PAHs in cooking 
oils. 

 
• To promote inter-laboratory studies in the different Member States of the EU, in order to 

have standard and comparable methods for determining PAHs, PCBs and dioxins and dioxin-
like compounds in cooking oils. 

 
• To promote studies to establish and standardise simple and rapid new methods of analysis, in 

order to assess the most significant degradation of oils during cooking, in relation to the 
safety of the product. 
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4. Future development areas in this field 
 
• The study of alternative non-food applications of waste cooking oils, such as the manufacture 

of soaps, use as biodegradable lubricants, combustion for recovery of energy or obtaining 
biofuels. This use should not entail further emission of contaminants into the environment. 

 
• Study of new procedures for the purification of cooking oils, with a high capacity for 

elimination of contaminants. 
 
• Information/education campaigns in frying and catering companies to improve practices and 

conditions used in cooking processes. 
 
• To establish collaboration programmes with non-Community countries to assess the levels of 

contamination in cooking oils, and joint programmes for examining a reduction of 
contamination in these oils. 

 
 

 
 
 



 

 32

 
 
 
 
 
 
 

Study: 
 
 

Recycled cooking oils:  
Assessment of risks for public health 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Part B 
ARGUMENTS and EVIDENCE 

 
 
 
 
 
 
 
 
 
 

relative to the STOA Project Nº  EP/IV/A/STOA/99/ENVI/01



 

 33

Part B - ARGUMENTS and EVIDENCE  
 
1. Cooking oils 
 
 1.1. Origin and classification 
  

1.2. Identification of the agents involved 
   

1.2.1. Producers 
  1.2.2. Collection/Reception agents 
  1.2.3. Authorities 
  1.2.4. Consumers 
 
2. Recycled cooking oils 
 
 2.1. Degradation compounds in oils subjected to frying 
 
 2.2. Harmful substances in frying oils, before and after recycling 
  2.2.1. Dioxins and PCBs 
  2.2.2. PAHs 
  2.2.3. Degradation products of oils 
 
 2.3. Risk groups 
 
  2.3.1. Workers 
  2.3.2. Consumers 
   
 2.4. Determination of risks 
 
  2.4.1. Risks to the environment 
 
   2.4.1.1. Waste handling 
   
  2.4.2. Risks to animal health 
 
  2.4.3. Risks to human health 
 
 2.5. Identification of the agents involved 
 
  2.5.1. Primary sources 

2.5.2. Collectors of oils 
2.5.3. Recycling/purification industry 

  2.5.4. Fat importing industry 
2.5.5. Industrial sales of fats for feeds 

  2.5.6. Feed manufacturers 
  2.5.7. Livestock/poultry farms 
  2.5.8. Consumers 
 
 
 



 

 34

 
3. Standardisation and quality control of cooking oils and recycled oils  
 
 3.1. Chemical and physical quality parameters 
 
  3.1.1. Control of collected cooking oils 
  3.1.2. Control of recycled oils 
  3.1.3. Control of fat blends for feeds 
 
 3.2. Control of contamination 
 

3.3. Control systems 
 
 3.4. Reference values and standards  
 
  3.4.1. Oil degradation compounds 
  3.4.2. Contaminants 
 
 
 
 
 
 
 



 

 35

Part B – ARGUMENTS AND EVIDENCE 
 
 

1. COOKING OILS 
 
This first section discusses the main aspects involved in the overall process of managing cooking 
oil waste, generated as a result of the activities of different enterprises in the food sector 
(industrial and restaurants). Used cooking oils constitute waste which is included in the group of 
urban or municipal waste (as Other domestic/commercial waste). According to OECD Europe 
data, such urban waste increased in total volume from 330 to 420 kg per capita between 1980 
and 1995. Waste cooking oils naturally form only a small part of this total figure for waste, but 
the global figures show the huge rise which has occurred in the production of waste and hence 
the need to consider recycling. Moreover, catering establishments are on the increase in 
European countries, which suggests that cooking oils will also increase. Furthermore, their liquid 
nature prevents their disposal in landfills, which is regulated by the corresponding EU directive. 
This means seeking alternatives for their recycling; currently based mainly on their use in animal 
feeds and, in a much smaller proportion, attempts have been made to utilise them for the 
manufacture of soaps, biodegradable (although not recyclable) lubricants or for combustion 
(recovery of energy in industrial plants). They may also have a future in obtaining biofuels, as 
already have other vegetable oils. 
 

1.1.Origin and classification 
 
With regard to the origin of these oils, three types of activities with distinctive characteristics 
may be noted: 
 
- Frying industries. Many companies use continuous frying systems, with continuous 

replenishment and rejection of a very small volume of oil. Therefore only small- or medium-
sized enterprises should be considered, which use discontinuous systems where significant 
quantities of reused oil are produced as waste to be disposed of every day. It is a type of 
activity which is easy to control as regards disposal of these cooking oils. 

- Large catering or community restaurant enterprises. These produce the largest proportion of 
reused oil waste. They are also centres which are easy to control as regards production of 
waste oil. In addition, many are chains with a large number of establishments in the same 
town, which facilitates their control. 

- Small restaurants or bars. These also produce a fair proportion of the total cooking oil waste, 
although their individual production volume is much smaller than that from large catering 
companies or chains. In these establishments, the recycling culture is less common (varies 
according to country) and should be especially encouraged by means of official campaigns 
directed towards these establishments. 

 
These different characteristics affect the introduction of a system for collecting and classifying 
used cooking oils. In principle, the administrations of the different countries aim to control 
production and collection in the first two cases, and foresee greater difficulty in the third case. 
With regard to the classification of waste, it is difficult to discuss how this should be done. The 
main issue, which is of decisive importance, is that the collected oils may vary greatly in terms 
of composition and level of degradation, depending on the type of cooking or frying to which 
they have been subjected and the amount of reuse or abuse. In theory, it would be interesting to 
be able to separate or classify collected oils according to the level of degradation factor, as this 
would facilitate the optimisation of subsequent recycling operations. In practice, it is difficult to 
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classify waste oils separately according to their level of degradation, as the collection process 
will certainly mix different qualities. Despite this, it could be attempted by taking account of 
their origin, or by establishing limit values for some analytical parameters which would permit 
classification according to degradation. 
 
 

1.2. Identification of the agents involved 
 
The management of any kind of waste requires the reliable and organised participation of all the 
agents involved in the chain, from the companies generating the waste, to the consumers. In the 
case of used cooking oils, these agents will be: a) the companies producing the waste; b) the 
collectors; c) the recycling companies; d) the administrative authorities (EU and Member States); 
e) consumers. The role performed by each of these agents in the process of managing waste oil is 
briefly discussed below. 
 
1.2.1.Producers 
 
The agents producing this type of waste are basically the three types identified in Section 1.1. In 
other words, industries which manufacture fried products, large catering companies and small 
restaurants. It has already been stated that because of the distinctive characteristics of these three 
agents, the analysis of the generation of cooking oil waste differs greatly in the three cases. 
However, mention should be made of some common aspects, aimed at creating an awareness in 
the producer of this waste, which will improve the whole process. It is of fundamental 
importance to eliminate totally the erroneous notion that these oils are just like any other waste, 
and to make it understood that consequently it is no small matter to dump it in drains or other 
non-authorised refuse points.  
 
1.2.2.Collection/Reception Agents 
 
Directive 75/442 on waste, the only directive which regulates cooking oils but in a non-specific 
manner (in other words together with the rest of non-hazardous waste), establishes the obligation 
for all Member States to control companies responsible for the collection and handling or 
treatment of this waste. In accordance with this legal regulation, all operators collecting or 
treating cooking oils must obtain a permit from their country's authorities, specifying the type 
and quantity of waste to be treated, any necessary technical requirements, precautions to be 
taken, and the information to be made available at the request of the competent authority (origin, 
destination and treatment of waste and the type and quantity of such waste). 
 
With regard to the organisation of the systematic and controlled collection of these oils from the 
places of production, different aspects should be mentioned: 
 
- The activities and obligations of waste collectors should be clearly separated from those of 

treatment/recycling companies.  
- The system of voluntary contracts or agreements between establishments producing used 

cooking oils and collection companies should be encouraged. This would lead to better 
control of the entire process by the authority, and greater commitment on the part of food 
establishments to increase the amount of their waste oil destined for recycling. 

- Companies dedicated to recycling must separate these activities from those involving the 
recycling of other materials, where the same company recycles other waste. Most 
importantly, plants dedicated to recycling fatty materials intended for animal consumption 
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must be clearly separated from those dedicated to recycling materials for non-food uses, 
especially mineral oils.  

 
Article 10 of Directive 75/442 on waste stipulates that all the Member States must control any 
intermediate agents who may be involved in the handling, transport or storage of waste, before 
its recycling, and who must therefore also be regulated under the same principles. In the case of 
cooking oils, therefore, all operators who are involved must be authorised and controlled, to 
ensure the required traceability from the origin of the waste production to the recycled product. 
This is important in order to minimise the risks involved in the process, which in the past have 
given rise to accidents from contamination of these oils during one of the stages of handling or 
storage. 
 
1.2.3.Authorities 
 
The main actions to be taken by the EU administration and Member States and, in some cases, 
local authorities, cover the following areas: 
 
Legislation. a) Improvement in control of the management of waste cooking oil, for the reason 
that it is considered non-hazardous waste and therefore does not receive the attention due to a 
type of waste that can present public health problems, as has been demonstrated; b) Issue 
regulations concerning the description and quality control of cooking oils, for them to be 
recycled or rejected, or in order to establish a classification for them; c) Regulation of the 
recycling processes and establishment of minimum quality standards for recycled products. 
 
Control. The administration (Member States) must control the strict compliance with regulations 
concerning waste in the case of cooking oils, and avoid their being used directly as raw materials 
for feeds or other non-food processing operations. Recycling ensures that there is some 
purification, and the fact that certain minimum quality levels are required for recycled oil means 
that the risk entailed in its use can be assessed, as cannot be ensured with a non-recycled oil. The 
ambiguity between byproduct and waste which often abounds in this field should be avoided, as 
it already encourages non-recycled oil to be considered as a raw material, with many of these oils 
being able to escape essential control. Control systems along the entire chain should be 
established, involving the waste producer, collector and companies handling and/or recycling 
these waste oils. 
 
Education in schools. The best prevention tool is always education and this must start at school 
age, when the concept and awareness of the need to minimise waste emissions into the 
environment and, if appropriate, recycling, can be introduced. Special importance during 
education must be given to waste which has repercussions on animal and human health. The 
Commission will have to promote campaigns and facilitate the availability of texts to introduce 
these subjects in schools. 
 
Consumer information and education. The Council Resolution (86/C 167/01) approved the 
objective of "taking greater account of consumers' interests in other community policies, in 
particular regarding improvements to the quality of products”, and it also “endorsed the value of 
consumer education and information in protecting consumers' interests and enabling them to 
derive maximum benefit”. Subsequently, the Council issued further Resolutions (87/C 176/03, 
89/C 294/01 and 92/C 186/01) and Decisions (1999/283) which deal with this field in depth, 
with special emphasis on “promoting the general safety of goods and services and better 
information on the quality of goods and services”. Very significantly, in the areas covered by 
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these activities, the obligation is highlighted to disclose information on the potential risks of the 
products and services. Another of these resolutions also directly includes within the priorities of 
the policy of protection and promotion of the consumer’s interests, “consumer information and 
training on recycling programmes”, which will include the case of cooking oils. 
 
It has also been observed that the campaigns launched by European Consumer Centres (which 
represent the EU in the different Member States), in isolation or in collaboration with 
independent consumer organisations, are too general and superficial. Consequently there is a 
need for clearer and more concrete campaigns, which cover a single specific subject such as 
cooking oils. In this case, the campaign would firstly enable the consumer to be aware that these 
oils constitute an environmental burden and are genuine waste, so that specific systems must be 
sought to dispose of or recycle it with a low and assessed risk. Secondly, it would provide 
consumers with a straightforward approach to the concept of the food chain and the actual 
repercussions on the risk to their health of introducing these recycled oils into feeds. And finally, 
it would also facilitate a better understanding of the global concept of contamination, and of the 
fact that all agents, from the waste producer to the consumer, have a role to play in the recycling 
chain and in controlling risk. The information campaign should give training to help the 
consumer understand information published in the press or by the authorities on relevant 
problems and public health incidents. 
 
Relations with the media. By different means (including the European Consumer Centres and the 
administrations responsible for Agriculture, Food and Public Health of the Member States), 
actions should be implemented to encourage and ensure reliability and understanding of news on 
this subject issued in the media. These actions should aim firstly to improve knowledge of this 
specific subject by the said media, and secondly to provide clear and comprehensible 
information promptly, in particular cases of serious accidents with a risk to public health, so as to 
prevent distorted information which could cause unjustified public alarm. 
 
1.2.4.Consumers 
 
The awareness of consumers (individually and as consumer organisations) of the problem of 
increased waste generation and the need to reduce its production and/or encourage its recycling 
has increased significantly over the last few years. However, a lack of information, the recent 
occurrence of serious public health problems and insufficient clarity in the explanation of the 
causes of those accidents, have led to a rejection by consumers of recycling or the use of waste 
for animal feed. Nevertheless, it should be borne in mind that consumers will easily accept the 
use of recycled paper or packaging because they do not associate this with a direct risk to their 
health, whereas they do not easily accept the introduction of recycled products into the food 
chain, associating this directly with a possible risk to their health. The case of cooking oils as 
waste which can be recycled for animal feed falls within these parameters, and therefore requires 
very careful and well planned justification of its use. This must be explained carefully, to 
establish consumer confidence in a strictly controlled process where all raw materials used must 
meet quality parameters within established limits; likewise that any problems that do arise will 
always have an accidental rather than a systematic cause, which will of course need to be 
examined with appropriate measures taken to prevent further cases in the future.  
 
Consumer organisations can carry out an important role in three basic fields:  
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- Supervision of compliance with current regulations; the EU not having responsibilities of 
inspection with regard to the environment, it being the consumer who de facto acts as 
inspector, detecting variations and reporting them in the form of complaints. 

- Participation in information campaigns, individually or in association with the EU European 
Consumer Centres, on specific subjects (such as cooking oils), in order to facilitate an 
understanding of the many aspects relating to waste, preventing its generation, its recycling 
possibilities, and to encourage the use of recycled products, etc.  

- The role of these organisations may also be helpful to encourage the culture of waste 
collection and recycling by companies. In this respect, it should be mentioned that there 
appears to be a failure to implement measures which the Commission could take to seek 
improvement in this field and to cover the priorities included (among other legal texts) in the 
Council Resolution 92/C 186/01 on priorities in the implementation of the consumer 
protection policy. This text includes a section on “Representation of consumers”, which 
directly influences “fostering the development of consumer associations” and “stronger 
representation of consumers at all levels in order to improve dialogue between various 
economic operators”. 

 
Conclusions 
 
The following summary may be given of the main conclusions of this first section of the report, 
relating to the management of cooking oils as waste in accordance with the main strategies put 
forward by the EU concerning waste management.  
 
- Firstly, the prevention principle indicates that the production of any waste must be reduced 

or even eliminated. In the case of cooking oils, action can be taken in this direction by 
encouraging the use of continuous frying systems (where oil is continuously added and only 
a little used oil is discarded), which permits maximum re-utilisation of the oil and reduce its 
degradation as much as possible. The design of fryers (especially those of small capacity) 
must be studied, to improve these characteristics of the process. 

- Secondly, the responsibility of the waste producer indicates that an agent who generates a 
particular waste which constitutes a burden on the environment, has to pay the cost of its 
actions. In this respect, if the management for collection of these cooking oils for subsequent 
recycling is facilitated and organised, dumping activities that affect the environment can be 
to some extent avoided. 

- Thirdly, the principle of caution indicates that all potential problems that might result from 
this waste generation must be anticipated. In this respect, it is necessary to know as 
accurately as possible all data relating to waste composition, its behaviour in the environment 
after dumping, recycling possibilities, and risks to animal and human health. In the case of 
cooking oils, the following sections of this report aim to provide the known data on this type 
of waste, and discuss the important unknown information which is required for the future. 

- Lastly, the principle of proximity indicates that the waste must be disposed of as close as 
possible to its origin. This principle is important so as to avoid those problems which could 
arise more easily because of handling, transport to other countries, etc. The concept of 
traceability is central to this issue and all activities which impede or impair traceability must 
be avoided. In the case of cooking oils, it is clear that their unnecessary movements must be 
avoided as it increases the risk of accidental contamination. If appropriate (and if authorised), 
movement of products should only be permitted which have already been recycled and are 
circulating in accordance with quality specifications as fatty raw materials.  
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The Community strategy on waste management also stresses other important points, namely: a) 
the need to seek diversified methods of disposal and recycling for each type of waste; b) increase 
in controls; c) improvement in waste management tools (regulatory and economic); d) 
production of reliable statistics on waste production; e) implementation of waste management 
plans; and f) supervision of compliance with legislation. It should be mentioned that at the 
moment none of these aspects are well advanced with regard to cooking oils and their role as 
waste for recycling. 

2. RECYCLED COOKING OILS 
 
 

2.1. Degradation compounds in oils subjected to frying 
 
Frying is a very complex process, involving several reactions which affect the components of the 
fatty material used as a frying medium, both the triglycerides (TGs) (the main components) and 
the components of the unsaponifiable fraction (sterols, tocopherols, carotenes and other 
pigments, etc.). A greatly simplified summary is given below of these processes and the main 
reaction products. 
 
By means of oxidation reactions, brought about by the formation of free radicals or by a direct 
reaction between molecules, and also by the decomposition of primary oxidation components, 
different components are formed which may be grouped as follows: 
 
• Fixed oxidation compounds (oxidised TGs, epoxides, etc.) 
• Volatiles (hexanal, pentane, 2,4-decadienal, pentanol, etc.) 
• Oxidised oligomers  
• Sterol oxides 
 
By reactions involving the hydrolysis of triglycerides, large quantities of the following are 
formed: 
 
• Free fatty acids 
• Diglycerides 
• Monoglycerides 
 
By reactions involving the polymerisation of triglycerides, the following are formed: 
 
• Non-polar dimers 
• Other non-polar oligomers 
 
These products of degradation generated in cooking oils have unfavourable effects on sensory 
quality, and in some cases also have harmful effects on the consumer’s health, above certain 
concentrations. Among these degradation products only some are worthy of mention, because of 
their structural characteristics and harmful effects on the body. For example therefore, hydrolysis 
derivatives, in other words free fatty acids and mono- and diglycerides, are not very significant 
in this respect, and it is only noteworthy that in general their rates of oxidation and reaction are 
greater than those of the original triglycerides, hence their general degradation is facilitated. 
Volatile oxidation compounds have a major repercussion from the sensory point of view and are 
responsible for the rancid smell and any undesirable flavours and tastes of used cooking oils and 
products fried in them. On the other hand, their very volatile nature reduces their significance as 
compounds which are potentially harmful to the body, as their concentration in the oil will 
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always be low. Fixed oxidation compounds derived from fatty acids are nearly always 
intermediate reaction products. Hydroperoxides are the most typical and plentiful and their 
structure is determined by the mixture of fatty acids (especially polyunsaturated) present in the 
cooking oil. These peroxides are the starting point for the formation of several free radicals, 
oxidised and non oxidised, which are highly reactive and take part in several reactions 
(formation of dimers, cyclic monomers, carbonylic compounds, alcohols, hydrocarbons, etc.). 
The unstable nature of free radicals and hydroperoxides at frying temperature means that they 
are not significant in themselves as harmful compounds, and only their importance as reaction 
intermediaries should be considered. Fatty acids or oxidised triglycerides, which may occur in 
various structural forms, are difficult to isolate and identify individually, so their combined 
content is usually considered. In principle, their presence should be viewed as unfavourable in 
terms of health, because the possible absorption in the intestine of oxidised acids has been 
reported, and they could therefore take part in oxidation reactions involving lipoproteins and the 
cellular membrane. 
 
Cyclic monomers of fatty acids 
 
One of the main products brought about by the intense heat from frying is the ring formation of 
fatty acid molecules. However, the complex composition of an oil (high number of different fatty 
acids), and also the difficulty of identification, has meant that studies of this aspect is still at an 
intermediate stage. Nevertheless there are already many papers which identify a large set of 
cyclic monomers of fatty acids in different oils which are heated or subjected to frying. As 
vegetable oils are the most commonly used for frying, these may be classified into two basic 
groups, those which contain polyunsaturated fatty acid n-6 (linoleic acid, C18:2) as the main 
unsaturated acid (olive, sunflower and corn); and those which contain appreciable proportions of 
polyunsaturated fatty acid n-3 (linolenic acid, C18:3), although mixed with large quantities of 
linoleic acid (rapeseed, soya). As linolenic acid is more reactive, recommendations for oils 
intended for frying indicate that a 2% content of linolenic acid should not be exceeded, in order 
to ensure adequate stability during frying. In view of this greater reactivity of linolenic acid, and 
also the structural differences between linoleic acid and linolenic acid, the cyclic monomers 
which form in these oils depend for their structure on the respective contents of both fatty acids 
in the oil. As already mentioned, the characterisation of the structures of these cyclic monomers 
is very laborious and requires successive stages of isolation, hydrogenation and/or molecular 
cleavage, and identification, using techniques such as chromatography, mass spectrometry and 
infrared spectrophotometry with Fourier transform. In this way it has now been possible to 
characterise some typical components in heated oils (see Technical file 2.2). These structures are 
always penta- or hexacyclic, and frequently contain a double bond. 
 

Figure 1 - Chemical structures of some penta- and hexa-cyclic monomers of fatty acids 
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  CH3-CH2-CH2-CH2-CH2-CH2-    -CH2-CH2-CH2-CH2-CH2-CH2-COOH 
 
 
 
Because of the complexity of structural definition, there are disagreements among different 
analysts when establishing the final structures of these components. The analytical procedures 
for quantity determination in a heated oil are complex, and include isolation and concentration 
(for the formation of adducts with urea or by HPLC) and determination by GC/MS. Thus the 
reproducibility of the results is not good and validation and standardisation of procedures are still 
required. In spite of this, some figures on the total content of cyclic monomers in heated oils 
have been given, and these range from 0.2 to 4.6%. 
 
Dimers and polymers of triglycerides 
 
This group of degradation compounds present in frying oils is the largest in terms of quantity and 
its formation is also catalysed by the high temperatures of the process, owing to the fact that the 
formation of free radicals of fatty acids and triglycerides is much greater at high temperature, so 
that the bimolecular decomposition of lipidic peroxides is increased.  
 
 2 ROOH     RO· + H2O + ·OOR 
 ROO· + RH  R· + ROOH 
 
Moreover polymerisation reactions at high temperature can also follow directly from 
triglycerides, without the intervention of free radicals. Consequently, there may be a very high 
diversity of resulting polymerisation products. Thus, as may be inferred from these mechanisms 
of origin, the dimers, trimers and other polymers that form may be of two types, depending on 
whether oxidised or non-oxidised radicals are combined. Thus these compounds are classified 
into two basic groups, depending on whether or not oxidised groups are present: a) apolar dimers 
and polymers (non-oxidised); and b) polar dimers and polymers (oxidised). 
 
  
 

Figure 2 - Chemical structure of some  fatty acid  dimers  
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    X - CH - CH  CH - CH2 - Y 
 
[X = -(CH2)4 - CH3 ]     CH2    [Y = -(CH2)7 - COOH]  
 
 
 
 
 
Non-polar dimers 
 
Studies on experimental models, using mixtures of methyl oleate and methyl linoleate (the main 
unsaturated fatty acids in most oils) and also the isolation of components from heated vegetable 
oils, have led to the conclusion that intermolecular bicyclic and tricyclic structures with the 
virtual absence of monocyclic structures are the main characteristics of these reaction products. 
Dehydrodimers formed by means of the Diels-Alder reaction have also been identified. The 
quantification of these apolar dimers (by GC or molecular exclusion HPLC) shows, with total 
certainty, that these are the most abundant degradation compounds in frying or heated oils (10-
30%).  
 
Polar dimers 
 
Contrary to the previous case, and because their mechanisms and starting compounds are more 
variable, the structures of these oxidised dimers are still not well known. Because of this 
complexity of origin, and also the diversity of possible reactions, it is a family with more 
numerous components. Studies on models which start from peroxides of methyl linoleate appear 
to confirm the radical origin of this formation of polar dimers, but the mechanisms still appear to 
be too complex for a full explanation. Tests conducted on oils at frying temperature with aeration 
have led to the conclusion that hydroxylated, carbonylated and peroxidated derivatives, with C-C 
bonds between monomers, form. 
 
Oligomers 
 
The structural characterisation of the main polymers is very difficult, thus studies which clarify 
them are still not very advanced, and appreciable work has only been done on their 
determination together. Studies on the trimers fraction have shown that their average molecular 
weight is around 860, with an average of 3.5 double bonds per molecule and a higher proportion 
of oxygen than in dimers. As regards the total polymeric fraction in oil subjected to heating 
(200°C), several studies have shown a molecular weight interval of between 692 and 1790, 
which suggests a possible mixture from trimers to pentamers. As regards the concentration that 
may be found of these components, it is highly dependent on the fatty acid composition of the oil 
used and the frying conditions. Various authors give values obtained from actual samples of 
discarded cooking oils, showing percentage values of polar compounds of between 5.8 and 
57.7%, in which the total percentage of polymers was from 1.7 to 35%. This emphasises the 
importance of polymers as the major constituents, with differences between the degradation 
products in cooking oils. 
 
Oxidised sterols 
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The study of oxidised derivatives of cholesterol has been receiving considerable attention during 
the last few years, as a possible significant effect on some diseases seems to have been observed, 
especially on the formation of atheroma plaques, and also a cytotoxic effect (Guardiola et al., 
1996). The examination of the oxidation of phytosterols and the possible harmful effects of their 
oxidised derivatives is much more recent, and as yet only a few studies have been carried out. 
However, because of the presence of phytosterols in all vegetable oils used as a frying medium, 
and also the presence of cholesterol in certain products subjected to frying, with its resulting 
solution in the medium, it is important to highlight the oxidation processes that all sterols 
subjected to the high temperatures of the process may undergo. Some studies have determined a 
series of oxide derivatives of cholesterol in heated fats and oils, among which alpha and beta-
epoxides, alpha and beta 7-hydroxysterols, ketosterols and triols predominate. Data have also 
been reported on the phytosterol oxide content. However, many studies have been carried out on 
models with pure reference standards of sterols or their esters, a process which differs from real 
frying. Nevertheless, data are beginning to emerge on the sterol oxide content in fried products, 
especially fried potatoes. These values are between 2 and 110 mg sterol oxides/kg fat, considered 
individually, with total oxysterol figures of over 200 mg/kg fat. 
 
 

 
Figure 3 - Chemical  structure of main cholesterol oxidation products present in foods 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2. Harmful substances in frying oils, before and after recycling 
 
To examine the risks to public health that may result from the use of recycled cooking oils, 
reference should be made to POPs (Persistent Organic Pollutants). POPs are grouped according 
to a common characteristic, which is their persistence in the environment for a much longer time 
than that established for their use. Among these, mention may be made of dioxins and 
compounds known as “dioxin-like”, PCBs: polychlorinated biphenyls, some used in industry and 
others being “by-products”, originating in technological/industrial processes. PAHs will also be 
studied, which are generated as byproducts in the combustion of organic material. 

O 
HO 

colesterol-5α,6α-epóxido

HO
O

colesterol-5β,6β-epóxido

HO

OH

25-hidroxicolesterol

HO 

OH HO 

colestantriol

HO OH

7α-hidroxicolesterol

HO OH

7β-hidroxicolesterol

HO O

7-cetocolesterol



 

 45

 
2.2.1. Dioxins and PCBs 
 
Polychlorinated biphenyls or PCBs are a subgroup of polychlorinated hydrocarbons, and may 
contain from 1 to 10 chlorine atoms. The class includes PCBs, dioxins and furans. The name 
dioxins covers polychlorinated dibenzo-p-dioxins (PCCDDs) and polychlorodibenzofurans 
(PCDFs), a family of polychlorinated tricyclic aromatic compounds. All these have chemical 
characteristics which determine their presence in fatty foods: they are apolar, chemically stable 
and lipophilic, a characteristic which means that they dissolve in fatty compounds and are not 
very soluble in water. The fact that they are lipophilic compounds means that they accumulate in 
the fatty fraction of foods and the human body. This high lipophilia leads to an increase in the 
bioconcentration of these compounds in fatty foods which, combined with their persistence in 
the environment and their resistance to biological degradation - some substances have an average 
life of more than six months - leads to a biomagnification of their effect through the food chain. 
This biomagnification is amplified in organisms at the top of the food chain, i.e. man. Another 
important characteristic of these compounds is their semi-volatility. This property gives them a 
degree of mobility in the atmosphere, which means that they can be present in appreciable 
quantities in the atmosphere and can be transported rapidly over long distances. Among dioxins 
there is a total of about 75 different kinds of PCDDs, among which the most studied and the 
most interesting because of its high toxicity is 2,3,7,8 –tetrachlorodibenzo-p-dioxin (2,3,7,8 –
TCDD or TCDD). 
 
Dioxins are released into the environment in very small quantities, from combustion processes 
and also from a series of industrial activities and chemical processes. Dioxins are not produced 
intentionally. There are three sources where dioxins originate: 
 
• Industrial and chemical sources 
• Combustion and heating 
• Environmental reserves 
 
A) The industrial and chemical sources are mainly: via the production of organochlorinated 

compounds of commercial interest (PCBs or chlorophenols); in the manufacture of paper 
pulp (bleaching the pulp, especially if using chlorine gas); timber industry (application of 
preservatives such as chlorophenols) and finally the soaps and detergents industry (of greater 
interest for PCDFs). 

 
B) Combustion and heating: urban incineration plants (solid urban waste, industrial waste, 

hospital waste); metal production (recycling of iron and steel); pyrolysis of 
organochlorinated products (PCBs); widespread sources (domestic heating systems); natural 
combustion: forest fires and fires of volcanic origin; various kinds of accidents (domestic 
fires and fires involving wood, PCBs, tyres). 
 

C) Reserves: soil contamination, sediments and effluent. 
 
The occurrence of dioxins and dioxin-like compounds in cooking oils prior to recycling appears 
to be more the result of accidental contamination by mixing with other products than of chemical 
reactions that may have taken place. It should also be borne in mind that since dioxins and 
dioxin-like compounds are lipidic compounds, frying and cooking the oils will act as a means of 
concentrating these compounds which, being lipophilic and semi-volatile, concentrate in the 
cooking oil. Consequently the cooking oil could contain higher concentrations than the original 
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oil if bioconcentration takes place. One of the points that ought to be examined is whether frying 
really does act as a means of bioconcentration for dioxin and dioxin-like compounds. If this were 
the case, maximum limits should be established for authorising the recycling process. The 
appearance of dioxins in recycled cooking oil also seems to be the result of accidental 
contamination, rather than due to the recycling process to which these oils are subjected for 
subsequent use in feeds. Contamination before the recycling process may be due to incorrect 
handling of the oil to be recycled. These oils may be collected from the so-called “cleansing 
points”; points where domestic waste is left, together with other types of waste such as fuel 
waste, mineral oil waste, etc. for recycling. The chance mixing of these different oils may lead to 
accidental contamination of the domestic oil for recycling. Another source of these oils is 
communal kitchens. 
 
 
Toxicity 
 
Dioxins and PCBs have similar biological effects, the only difference being their severity. 
Consequently the so-called Toxic Equivalence Factor (TEF) and International Toxic Equivalent 
(I-TEQ) have been introduced. The TEQ is a measurement of the relative toxicity of each type of 
compound in relation to the TCDD, to which the value 1.0 is assigned. The I-TEQ factor is 
calculated by multiplying the concentration of each individual compound in the mixture by its 
corresponding TEF, then summing the results to obtain the overall I-TEQ.  
 
Animal experiments have shown that the toxic effects of dioxins and dioxin-like compounds are 
independent of the method of exposure (oral, cutaneous, parenteral) and the type of exposure, 
acute or chronic. 
 
The most notable effects in experimental animals are:  
 
1) Anorexia and reduction of the muscle weight and adipose tissue (“wasting syndrome”). 

Death in certain cases. 
2) Thymic atrophy, characterised by a reduction of lymphocytes in the cortex of the thymus. In 

growing animals, they are associated with immunosuppression. 
3) Hepatotoxicity. Increase in SGOT and SGPT. 
4) Immunotoxicity: May be immunosuppressors or immunoactivators. 
5) Reproductive toxicity. 
6) Embryofoetal toxicity and toxicity during development. 
7) Teratogenesis. 
8) Carcinogenesis. TCDD is a powerful carcinogen in rats, mice and hamsters. 
9) Mutagenesis. Various studies suggest that TCDD is not genotoxic and that dioxins in general 

should not be considered as agents which are directly mutagenic. 
 
In the absence of definitive epidemiological studies, the following has been demonstrated in 
animals: 
 
1) They are carcinogenic at very low levels of exposure. 
2) They show a cancer-promoting activity and there is evidence of an initiating activity. 
3) They do not appear to have an exposure threshold.  
 
 
Conclusions relating to dioxins and PCBs 
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• Determination of the content before and after use as cooking oils. Determination of the effect 

of bioconcentration in oil after cooking.  
• Would the solution of alternative production of biofuels result in more being discharged into 

the atmosphere? There are studies which suggest this idea. 
• Would more compounds be originated in the recycling process? 

 
 
2.2.2. PAHs 
 
Polycyclic aromatic hydrocarbons comprise a large class of components which are found in the 
environment. Some are not carcinogenic, but act as synergic agents. PAHs are found in water, 
air, soil and also foods. PAHs may originate from different sources such as tobacco smoke, 
petroleum distillates and carbon derivatives; among all the sources, those involving combustion 
predominate. In foods, they may be found in significant quantities in traditional smoked 
products, barbecued food and different types of packaging. 
 
PAHs consist of different benzene units fused to each other, giving very varied compounds 
ranging from those with very low molecular weights to those with large molecules. 
 
Not all PAHs have a biological activity (carcinogenic potential), and the latter may also vary 
between the different isomers. PAHs enter the human body by inhalation and ingestion, and are 
subsequently distributed to different organs via phospholipids or by forming complexes with 
serum albuminates. Enzymatic oxidation then takes place, mainly in the liver, followed by 
hydrolysis to dihydrodiols. These compounds form adducts with proteins and nucleic acids. It is 
believed that DNA adducts are the initiators of cellular mutation and possible malignancy. 
 
From the epidemiological point of view, food contamination by PAHs is the main route of 
exposure to PAHs for non-smokers. Although the two routes are clearly not comparable, it must 
be understood that ingestion of PAHs via food is worthy of interest and greater investigation. 
 
PAHs are compounds which are thermally stable in many combustion reactions, however, they 
react with oxidants such as ozone, singlet oxygen and hydroxyl radicals. A study should 
therefore be encouraged to determine the amount of PAHs which result in oils used for cooking 
or frying, although it should be borne in mind that hydroxyl radicals are present in cooking oils, 
so these compounds could be present in different forms, in other words as PAH molecules or as 
compounds resulting from the reaction of PAHs with oxidising compounds. This would naturally 
add considerable complexity to the problem. It would also be interesting to know the initial 
contamination in oils for consumption since, as has already been noted for dioxins and PCBs, the 
initial concentrations of contaminants are biomagnified in the final product and their 
concentration could increase in the latter. Also the type of oil may determine the concentration of 
PAHs, thus coconut oil contains high starting quantities of PAHs, as it is common practice to dry 
copra in direct smoke. This practice represents the main source of PAHs in coconut oil, even 
though in the oil refining process the PAH levels are reduced by their retention in activated 
charcoal.  
 
Conclusions relating to PAHs 
 
• The PAH content should be studied before and after using the oil. 
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• Studies should be according to the oil's origin: coconut, sunflower, palm, olive. Oils 
habitually consumed in the European Union. Sterol levels in these oils. Origin and system for 
obtaining them. 

• Could they have reacted with the free radicals originating in the frying/cooking process? 
• If so, how would these compounds behave in the recycling process. What type of recycling 

would be suitable for subsequent use as feed, bearing in mind these questions? 
• Can cooking oils be recycled without PAHs being emitted into the atmosphere? 
• Would it be appropriate to use them as an alternative energy source. Biofuels? 
 
2.2.3. Degradation products of oils 
 
With regard to the harmful effects of the degradation products of cooking oils, caution is called 
for, as the very complexity of the degradation products generated and their dependence on the 
treatment conditions make it difficult to specify clearly to what extent each of these compounds 
participates in the harmful physiological effects which are observed in experimental studies on 
different animal species. Thus, when referring to oils from frying/cooking and their risk to 
health, we are referring to oils which are repeatedly reused and even abused, which means that 
they should be rejected on health grounds. In this respect, it should be mentioned that there is a 
standard for limiting this abuse or reuse, with a single parameter of limiting values, which is the 
total percentage of polar compounds in the oil used. When the level of these compounds reaches 
25%, the oil must be discarded before reuse in cooking or frying processes, and therefore this is 
the point where it becomes a waste item to be recycled or disposed of. 
 
Toxicological studies conducted on these discarded oils, after frying processes, appear to 
indicate unfavourable effects on different animal species, although only when the oil contains 
high concentrations of degradation compounds. There are excellent reviews which offer a 
general overview of these aspects, of which the following are noteworthy: Addis (1986, 1991), 
Viola and Bianchi (1988), Cuesta et al. (1988), Clark and Serbia (1991), Márquez-Ruiz and 
Dobarganes (1996) and  Mahungu et al. (1999). More specifically, the possible harmful effects 
that may arise must be considered in relation to the consumption of these oils by animals, and 
also to whether they reach human consumption under particular conditions and concentrations. 
 
Many toxicity studies on degradation compounds in cooking oils draw conclusions which should 
be regarded with caution, because of the use of isolated fractions of polymers or polar 
compounds at high concentrations, or because the use of oils heated in extreme conditions does 
not represent the frying processes to a significant degree. However, there are already a large 
number of studies, conducted mainly on rats, which provide information on the metabolism, with 
some of these chemicals (cyclic monomers, dimers and other polymers), and also any specific 
toxicological effects. 
 
Cyclic monomers of fatty acids 
 
Iwaoka and Perkins (1978), using cyclic monomers of methyl linoleate with radioactive markers 
(0.0075 to 0.1500% in the diet), showed that these monomers are absorbed and metabolised 
fairly quickly, with about 60% being excreted in the urine in the first 12 hours. A significant 
proportion (15%) is also eliminated in the form of CO2. The lower level of elimination of this 
gas compared with the controls was logical, since the β-oxidation of the fatty acid chains ceases 
when the ring is reached. It was also observed that the elimination of pentagonal cyclic 
monomers is lower, which favours their accumulation in the tissues and renders them more toxic 
than hexagonal monomers. Among the effects observed, at any of the dietetic doses of these 
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cyclic monomers administered, it should be noted that a reduction of lipogenesis in the liver (for 
all diets) was observed, and an increase of  lipogenesis in the adipose tissue (in this case, only for 
diets with 10% protein). Protein in the diet appears to act as a protection against the toxicity of 
these compounds, as it was observed that diets low in protein favour the appearance of such 
effects. Among these effects, the only significant one appears to be retarded growth and an 
increase in hepatic volume (fatty liver). 
 
Other studies have shown that cyclic monomers are absorbed well and become incorporated in 
different tissues, in rats and also in heart cell cultures. Thus Ribot et al. (1992) and Sébédio and 
Chardigny (1996) showed that the type of ring (hexagonal or pentagonal) and the configuration 
(cis or trans) are factors which differentiate their metabolic behaviour. Hexagonal monomers 
appear to accumulate less than pentagonals, especially the trans forms. A different incorporation 
in membrane phospholipids of the two types of rings has been observed (pentagonals more than 
hexagonals), which leads to a difference in behaviour (e.g. in the sensitivity of α-  and β-
adrenergic receptors). 
 
Effects of ingestion of these monomers on hepatic enzymatic activity have also been observed. 
Thus the inclusion of commercial cooking oils in feeds, in addition to causing an increase in 
hepatic protein, also significantly increased the activity of detoxifying enzymes such as NADP-
cytochrome P450 reductase. An increase in glycolysis, with an increase in acetylCoA in cytosol, 
has also been observed, which may explain the appearance of fatty liver in animals fed on 
cooking oils. However, it should be taken into account that these effects may also be due to other 
degradation compounds of the oils.  
 
Dimers and other polymers 
 
The main studies carried out to assess the toxicity of the polymeric fraction of oils subjected to 
frying suffer from the same failing, which is a lack of specificity or poor definition of the 
mixture of degradation compounds present in the fraction studied. In general, the effects 
observed are not very marked, because of the low absorption of polymers in the digestion. There 
are very interesting papers which quantify the absorption of some of these compounds. For 
example, administration by gastric intubation in rats and the taking of lymph samples after 48 
hours, showed that 40% of these compounds passed into the lymph (Perkins et al., 1970). The 
fractionation of these components in lymph has resulted in the presence of up to 103 different 
components. Combe et al. (1981), also using lymph measurements, showed that around 4% of 
the total polymerised fatty acids, 53% of the total monomeric oxidised fatty acids and 96% of the 
total cyclic monomers of fatty acids were absorbed, from mixtures of these compounds isolated 
from cooking oils or synthesised in the laboratory. This shows the low absorption of polymers, 
compared with other monomeric degradation components, characteristic of cooking oils. Other 
studies (Márquez-Ruiz et al., 1992b) note that non-polar dimers show less absorption than polar 
dimers, which would confirm the theory that it is an effect resulting from lower intestinal 
absorption. 
 
The high proportions of these dimers and polymers incorporated in experimental feeds cause a 
decrease in overall digestibility, with poor absorption of nutrients and the occurrence of 
diarrhoea. However, these studies are open to criticism as they incorporate unrealistic 
proportions of these compounds in the animal diet (up to 20%). In fact, studies conducted with 
reasonable doses (up to 5% non-cyclic dehydrodimers) show that neither the effects of reduced 
growth nor of fatty liver arise (Perkins and Taubold, 1978). The consumption of the feed is also 
normal, which indicates that the animals do not reject it as a feed. The levels of these compounds 
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found in faeces and those eliminated by respiration enabled an absorption of less than 10% to be 
established for these dimers. This appears to confirm that the presence of quantities that may be 
considered usual in a cooking oil, rejected for human consumption, will not lead to significant 
harmful effects, mainly because of its low absorption. 
 
Effect of commercial cooking oils 
 
However, a distinction must be made between these tests which use isolated and purified 
compounds, often from thermo-oxidised oils from actual studies on cooking oils, as the 
compounds generated in the latter oils are not precisely the same as those generated in an oil 
heated without the presence of food in it. On the one hand, the food causes other reactions which 
are involved in the composition of the degraded fraction and which should be considered, and on 
the other hand, it has been shown that the heated oils used in toxicity studies on animals give 
much more marked effects than commercial cooking oils. This therefore suggests a different 
presence of degradation compounds. The traditional tests of Billek et al. (1978) which assessed 
the effect on rats of ingested cooking oils in feed (up to 20% of total polar compounds), and also 
the isolated fraction of polar compounds and the non-polar fraction, showed that the isolated 
fraction of polar compounds was the only one to give significant effects, consisting of a 
reduction in the animal’s weight and a larger liver and kidney volume. The effects of the entire 
cooking oil were only slight in this respect and subsided when a diet without this oil was 
restored. However such negative results must be seen in perspective when it is borne in mind that 
the ingestion of degradation compounds was extremely high in relation to the animal’s weight. 
 
More recent studies on cooking oils have shown a small effect on the growth of the animal and 
on liver volume, and also other biological parameters such as the lipidic composition of the 
plasma, heart and liver. Some authors have observed a certain correlation between the percentage 
of cooking oil incorporated in the diet and an increase in the TBA index (secondary oxidation 
compounds) in the liver, and also a decrease in the plasma tocopherol (Giani et al., 1985; Izaki et 
al., 1984). In addition, some studies have shown the effects on the hepatic enzymatic activity of 
the microsome fraction, such as the oxidation systems of the fatty acid chains (cytochrome P450, 
UDP-glucuronyl-transferase, glutation-S-transferase). Some of these effects have been attributed 
to very high levels of carbonyl compounds. An interesting observation is the high excretion of 
endogenous sterols and cholesterol, which increases. This increase is in line with the increase in 
the incorporation of cooking oil in feeds (Márquez-Ruiz et al., 1992b). An interesting study 
would be to assess the effect of a cooking oil before and after its purification; this would provide 
data that would serve to approximate what would happen with a recycled cooking oil. Perkins 
and Lamboni (1998) administered to different lots of rats a diet with a non-degraded control oil, 
another with oil subjected to frying and a third with the cooking oil treated with aluminium 
silicate (to adsorb the polar components). All diets contained 15% added oil. The differences 
were significant between the cooking oil and the treated cooking oil, with the latter showing a 
lower capacity for effecting the hepatic enzymatic metabolism, which suggests a lower presence 
of harmful compounds after the purification treatment. 
 
However, a thorough analysis of existing studies shows that there are the following omissions, 
and therefore animal studies should be aimed to examine the criteria below:  
 
- Relationship between structure/chemical function of the degradation compound to be 

assessed and types of effects. Studies on components. 
- Tests on practical doses (in accordance with criteria for formulation of feeds for animal 

production). 
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- Practical periods of administration (the animal’s whole lifespan, for example in the case of 
poultry). 

- Fatty acid composition of the fat or oil in diet. 
- Alpha-tocopherol content in diet, and also antioxidants. 
- Degree of oxidation of the oil or fat in diet. 
 
It would thus be possible to understand the effect of different levels of incorporation of cooking 
oils in different diets, to be able to establish definite toxicity figures, and on the basis of these 
figures, and to limit ingestion with more accurate knowledge of the risk. 
 
 

2.3. Risk groups 
 
The human body is exposed to contamination from these compounds through food and 
occupational and environmental accidents, including those resulting from domestic activity. As 
these compounds are liposoluble, they accumulate in organic lipids and finally in the body, thus 
their concentration increases gradually over the years. In other words the body is exposed not 
only to a single acute action, but also a chronic action of bioaccumulation of these compounds 
over the years.  
 
 
2.3.1. Workers  
 
To assess this point correctly, it is necessary to define the recycling process to which cooking 
oils may be subjected for subsequent sale.  
 
In the case in question, the risk groups are mainly people who handle oils for recycling. If these 
compounds were present in the oils collected for recycling, the staff involved in the recycling 
process would be a vulnerable group because of the semi-volatility of these compounds, which 
could be expected to pass easily into the atmosphere of the work place. The accidental 
contamination of cooking oils by dioxins and PCBs could affect handlers of fats processed from 
recycled cooking oils, if these oils are subjected to high temperatures which generate semi-
volatile compounds. In the case of PAHs, it is necessary to determine whether or not they have 
reacted with oxidising compounds present in the cooking oil, what type of compounds result, in 
what chemical form, what quantities are produced and what risks they entail, in other words how 
would the recycling process affect these compounds. 
 
2.3.2. Consumers 
 
The potential risk to the consumer could be summarised as follows: 
 
• Because there is a process of bioaccumulation/bioconcentration of these products, there is a 

potential risk, to which have to be added those that could arise due to an accident or chance 
contamination of cooking oils to be or already recycled. 

 
• It is necessary to determine what the cooking oil recycling process consists of, to be able to 

understand exactly the potential risk of recycled cooking oils. 
 
• Owing to the variable origin of the oils that may be recycled: restaurants, fast-food 

establishments, community and institutional kitchens, which may have different places of 
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use, the lack of specific collection systems or cleansing points in cities, official means of 
authorisation to industries collecting these oils, the recycling of cooking oils from different 
sources, mixing of cooking oil fats recycled into feeds, and feeds that can be distributed to 
large or small poultry or livestock farms, it is clear that in a process which is so complex, it is 
very easy for traceability to be completely lost at one of these points, implying an increase in 
the risk for the final consumer of the product. 

 
 

2.4. Determination of risks 
 
Cooking oils are a waste which, after recycling, has been used in the manufacture of feeds. The 
possible risks come from the handling to which they may be subjected, including the systems of 
collection, transport and storage, and also the recycling process proper. Being a waste, it is a 
product which is not suitable for human consumption and with regard to its use as a product for 
animal feeds, reference is made to Council Directive 1999/29/EC on this subject. The use of so-
called “technical fats” has been observed, such as the so-called “yellow grease” fat imported 
from the USA for the manufacture of feed, which could contain cooking oils recycled in the 
USA. It is also necessary to control foods imported from non-member countries (especially 
poultry products from south-east Asia), in order to find out the origin of the feeds fed to the 
animals and obtain more information on them, so as to achieve accurate traceability and 
determine the possible risks to the consumer. 
 
Mention should also be made of the difficulties that exist in estimating the quantity of cooking 
oils which are currently handled in the EU. Although there are production estimates for certain 
countries, most EU countries do not have data concerning this production. These figures are 
necessary in order to be able to estimate the risks to the environment, animal health or 
consumers. 
 
2.4.1. Risks to the environment 
 
Recycled oils used as raw materials in feeds do not constitute consideration as a burden on the 
environment, with the exception of the change in faecal composition that they may cause. Other 
uses of these recycled oils (such as lubricants, in the manufacture of soaps, for the manufacture 
of biofuels, etc.) present more specific characteristics of environmental risk, resulting especially 
from the semi-volatile nature of dioxins, PCBs and other hazardous substances they may contain. 
However, in principle, in normal oils a low level of contamination is to be expected. 
 
The emission of compounds such as dioxins and dioxin-like compounds, PCBs and PAHs, 
entails a risk to the environment. In our case, it may be that the critical point in the exploitation 
of cooking oils for subsequent use is the recycling process. However, in view of the scant 
knowledge that exists, further information needs to be obtained on the procedure for recycling 
cooking oils for subsequent use, and the risks to the environment involved in this process need to 
be assessed. As some authors indicate that the recycling or use of waste oils could generate 
dioxins and dioxin-like compounds, it would be advisable to obtain further information on this 
point. 
 
2.4.1.1. Waste handling 
 
Reports have indicated that the treatment of waste oils can generate dioxins and dioxin-like 
compounds. This is perhaps one of the points which should be clarified, as discussed above, in 
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order to be able to assess correctly the determination of the potential risks. One of the aims 
would be to reduce the discharge of dioxins into the atmosphere. 
 
2.4.2. Risks to animal health 
 
There are various studies on the incorporation of cooking oils in feeds and the toxic effects 
observed. The effects resulting from the presence of degradation compounds of the oils have 
already been discussed in sub-section 2.2.3, and are mainly a reduction in overall digestibility 
and reduced growth of the animals, and liver disorder (fatty liver and metabolism disorders), 
although these are not very significant when reasonable doses of these oils are used. With regard 
to contaminants, the toxicity data on dioxins are already known in some animal species such as 
poultry, for which they constitute the so-called oedema factor, and therefore the determination of 
dioxins in fats for feeds is already a fairly well established control parameter. 
 
More specifically with regard to the highest risk compounds, which are dioxins and dioxin-like 
compounds, the accumulated data on contamination observed in plants, and consequently feeds 
for animals for consumption, are quite significant. Data have been reported on contamination in 
vegetation near iron and steel works of 106 pg I-TEQ/g dry matter, where the normal content in 
grass is estimated at values of 0.7. A study conducted in Germany on a large number of samples 
of raw materials for feeds showed significantly, but not excessively, high concentrations of 
PCDD/PCDFs. It was also observed that washing some of these materials reduced their 
contamination (UBA, 1996).  
 
The exposure of some animals, especially fish, is significantly higher than normal, and in 
addition aquatic organisms are excellent accumulators in their fatty tissues: 9-700 pg I-TEQ/g 
fat. Among animals which are fattened for human consumption, exposure to these contaminants 
and the accumulation of the latter depends largely on their feeds, as this is the primary source. 
Consequently, as mentioned above, particular attention must be given to the contamination of 
raw materials intended for the manufacture of feeds, and also to the quality of pasture and water, 
when extensive systems of animal production are used. Report Dioxin contamination of 
feedingstuffs and their ciontribution to the contamination of foods delivered by the Scientific 
Committee On Animal Nutrition - European Commission (November 2000) give extensive 
information on the degree of dioxin contamination in feed materials for animal diets. Fish oils 
and animal fats are the first contributors, considering their levels of contamination and their rate 
of inclusion as diet ingredients. Mean values reflecting the average situation give a whole dioxin 
burden comprised between 0.1 and 0.3 ng dioxin/kg diet, except for diets containing European 
fish oils (1.8 ng/kg diet). 
 
As stated in Directive 1999/29/EU  “ …whereas it is impossible to exclude totally the presence 
of the substances and products in question; whereas it is important that their content in 
feedingstuffs should be reduced in order to prevent undesirable and harmful effects;…” 
Recycled cooking oils can be used provided the oils, and the maximum permitted levels of 
dangerous substances in these oils, are assessed correctly.  
 
2.4.3. Risks to human health 
 
As discussed in more detail in the Technical File (sub-section 3.1.3), exposure from food is the 
main cause, and moreover a much higher contamination from PCDD/PCDFs is demonstrated in 
foods of animal origin than in vegetables. Thus studies conducted in Europe revealed that fruits 
and vegetables are the least contaminated products, and processed foods of exclusively vegetable 
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origin showed values of between 0.3 and 6.6 pg I-TEQ/g dry matter. Meats showed values of up 
to 7.4, and poultry values of up to 160 pg/g fat. For fish, the values are up to 982 pg/g fat, 
although with very wide variations in concentrations (UBA, 1996). The data on PCB 
contamination collected in some European countries show similar levels to PCDD/PCDFs as a 
whole. Bearing in mind these values, a study conducted in Sweden in 1990 showed that the total 
daily ingestion of dioxins for an individual (exposure from food) may be established as 1.8-2.5 
pg I-TEQ/kg body weight/day, of PCBs as 2.3 pg, obtaining total exposure values (dioxins + 
PCBs) of 4.1-4.8 pg I-TEQ/kg weight/day, which is above WHO recommendations.  
 
The degree of dioxin and PCBs contamination of animal diets is the most important factor 
determining contamination in foods from animal origin. Transfer rates from feedingstuffs to 
foods of animal origin depends on the degree and position of chlorination. This should be taken 
into account for risk assessment. Some authors have studied the PCDDs/PCDFs and PCBs 
transfer factors from some feeding materials (grass or citrus pulp) to food (milk), and 2,3,7,8-
TCDD and 1,2,3,7,8-PeCDD showed the most higher values (0.33 to 0.58). Other compounds of 
these families showed much lower values. However, transfer efficiencies differ according to the 
type of food. So, for the transfer from soil to eggs, a large number of congeners show high values 
(1,2,3,7,8-PeCDD 1,2,3,7,8-PeCDF, 2,3,7,8-TCDD, 2,3,7,8-TCDF, 1,2,3,4,7,8-HxCDD, and 
1,2,3,6,7,8-HxCDD), between 1.2 and 4.4 g dry matter/g lipid (Report Dioxin contamination of 
feedingstuffs and their ciontribution to the contamination of foods, Scientific Committee On 
Animal Nutrition - European Commission, November 2000).  
 
 
As stated in the Technical File (sub-section 3.1.3.), the human body also accumulates these 
contaminants, so that a mother can pass significant quantities to the foetus, and in particular 
through milk (as a route of elimination from the body) and a breast-fed baby may be exposed to 
very high concentrations of dioxins and PCBs. Studies on levels in maternal milk in Europe 
show that the concentrations found suggest a daily intake in the breast-fed baby of 40 to 140 
times the maximum tolerable ingestion limit established by the WHO. 
 
The effects of POPs have been studied in the laboratory, usually separately for each compound. 
However when exposure occurs in either animals or man, this is to various compounds and not 
only to one. The compounds are not isolated which means that the final results of their effect 
cannot be simplified because their "effect is combined"; these substances can interact with each 
other and with compounds of the organism, which can lead to antagonistic or synergic effects. 
Despite the complexity of the problems associated with POPs, the data on accidental or 
occupational exposure indicate that high exposure causes both types of toxicity, acute and 
chronic, at the same time. As they are lipophilic substances, they are retained in the body fat and 
are released gradually over a period of time. In the case of dioxins and dioxin-like compounds, 
acute accidental or occupational exposure can cause skin injuries, such as chloracne, and appears 
to increase the prevalence of cancer. Initially, the influence of foreign substances in the body 
leads to changes at molecular level. At this level they can activate the organism’s defences, 
although these are soon overcome and the effects of the foreign material pass to the cells, from 
where the tissues and organs are affected. In the case of man, the effects relating to exposure to 
dioxins are associated with hepatotoxicity, immunotoxicity and carcinogenesis, together with an 
increase in the prevalence of and mortality from diabetes and cardiovascular diseases. In children 
exposed to toxicity from dioxins, the effects of deterioration in neuronal development and 
behaviour (especially learning) have been reported, and there are also changes in thyroid 
hormone levels .  
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2.5. Identification of the agents involved 

 
Fat is the main source of energy in feeds for farm animals. The fatty substances used in the 
manufacture of feeds may be from the recycling of waste cooking oils, or may be by-products 
from abattoirs or byproducts of oils intended for human consumption. The fats may be processed 
in the EU or imported from non-member countries, as is the case of “yellow grease” imported 
from the USA. All these fatty products must meet the specifications of quality and safety for 
both humans and animals, and for the environment. However, the control to which these 
products are subjected simply involves determination of the acidity index (AI), which only 
establishes the percentage of free fatty acids in the fat, a figures which affects its digestibility, 
and, in some cases, the percentages of the different types of fatty acids are determined. On the 
market there are also the so-called “technical fats”:  “fats for feeds which are blends of fats of 
any origin, including animal and vegetable fats, domestic or imported oleins (acid fats), recycled 
fats and distillation products. These fats are formulated on the basis of technical criteria such as 
unsaturation, acidity index, etc. Their composition therefore varies depending on what is 
available on the market and the destination species” (FEDNA standards - Fundación española 
para el desarrollo de la Nutrición Animal [Spanish Foundation for the Development of Animal 
Nutrition]). In accordance with the above, it is clear that the so-called “technical greases” are not 
a standardised product, and their use would lead to risks due to this very lack of product 
standardisation. It is also clear that there would be enormous difficulty in determining the 
traceability of the end product.  
 
Traceability is a basic aspect which establishes the essential inter-relationship and collaboration 
that must exist between all the agents. A break in this traceability, at any of the levels, greatly 
increases the risk of possible accidents with repercussions on public health, since full control of 
the process is prevented. With the above in mind, the agents involved in using recycled cooking 
oils are: 
 
• Primary sources: Industrial kitchens / Catering / Cooking oils / Domestic oils or fats 
• Collectors of oils for recycling 
• Recycling industry  
• Fat importing industry 
• Industrial sales of fats for feeds 
• Feed manufacturers 
• Livestock/Poultry farms 
• Consumers 
 
Figure 4 shows the interconnection between the different agents involved. 
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Figure 4 – Connection between the different agents involved in the utilisation chain of recycled 

cooking oils in feeds 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.5.1. Primary sources: Industrial kitchens/Catering, Cooking oils, Domestic oils or fats 
 
Firstly, kitchen/catering/cooking oils are understood to be a waste from various cooking 
processes and not a raw material, a term used in some reports. The use of waste cooking oils in 
the manufacture of feeds must be seen in its wider perspective, which is that of the food chain 
and its final consumption by man. Therefore, unless strict regulations are specified in treating 
waste for subsequent reuse, it should not be used as feed ingredients, as they are lipophilic 
products and, depending on the recycling process, many compounds can accumulate in the fatty 
fraction of the feed and in the animals, before reaching man. The catering/cooking industry and 
industrial kitchens must ensure that food leftovers are removed, and that other types of oils 
(industrial) are not mixed with it. 
 
2.5.2. Collectors of oils for recycling 
 
These companies include all those which collect and in some cases process (called purification 
companies) fatty substances of different origins, from abattoir byproducts to cooking oils, 
including waste rounds, such as the so-called “cleansing points” of cities, which collect various 
domestic waste. These companies have a crucial role in this process, because the quality and 
safety of the oils in their subsequent applications are dependent on them, especially in the case of 

Catering, large kitchens Fat-importing industry 

Collection companies 

Industrial blending / sales of 
fats 

Recycling industry 
Abattoir waste 

Feed manufacturers 

livestock/poultry farms 

consumers



 

 57

chance contamination. Only these companies can ensure the traceability of the oil in the feed and 
account for its origin. Moreover they have to monitor the origin of their products: the oil must 
have been collected directly from the kitchens, whereas collection from the so-called cleansing 
points would entail more risks in its subsequent use. In any case these companies should record 
the origin, dates, characteristics and particular details of the oils collected. The tanks used in the 
transport system and storage must be clean, and it must be ensured that they are not used for 
transporting other types of fatty waste (industrial). 
 
2.5.3 Recycling/purification industry 
 
The recycling/purification industry may in some cases be identical to the collection industry. 
Waste cooking oils may be purified physically or chemically; a description of the procedure is 
not available, so the risks involved in the process, and the quality and safety of the end product, 
cannot be assessed. The purification/recycling method should be standardised, because it is 
apparent that a chemical method would entail more environmental risks whilst perhaps a 
physical method might not be sufficient to ensure the quality and safety of the end product. 
 
This industry also has a crucial role in ensuring the quality and safety of recycled cooking oils. 
On the other hand, to ensure the quality and safety of the oils implies control and the use of 
parameters which enable this assurance to be provided. As oils of other origins (industrial) which 
are not suitable for use as ingredients in feeds are probably present in the same recycling plant, 
the storage tanks, recycling lines and final storage of these products must be separate. Naturally 
some parameters should be determined to assess the quality and risk entailed in the use of these 
oils. It is therefore necessary to establish a quality and safety control to be able to sell these 
products. 
 
2.5.4. Fat importing industry 
 
Considerable quantities of fatty substances come directly or indirectly from non-member 
countries, outside EU borders. It is possible to import catering/cooking/industrial kitchen oils for 
recycling; recycled oils, mixed or technical fats: “yellow grease”, as well as fats of other origins: 
abattoirs, byproducts from the refining of oils for consumption, etc. Clearly the origins these 
products may differ greatly, as also their intrinsic original quality, so it is very difficult in these 
cases to answer for the traceability of the product and ensure its quality and safety for the end 
consumer.  
 
The industry which imports fats, waste cooking oils and blended fats should not only guarantee 
the traceability of its products, but also ensure that there are no risks to animal and human health, 
or risks of contamination to the environment. These guarantees would imply monitoring and 
standardising products and control methods, which at the moment do not exist. These companies 
should accompany their samples with a quality and safety specifications sheet (in accordance 
with parameters to be regulated on the basis of the criteria discussed in Section 3 of this study). 
 
2.5.5. Industrial sales of fats for feeds 
 
The fat sales industry may or may not be identical with one of the above. This industry sells what 
can already be called “raw material”, a fatty raw material, directly to feed-manufacturers and 
even poultry or livestock farms, i.e. the processed fats for inclusion as an ingredient in feed. In 
view of the above, it is obviously very difficult at this point to ensure the traceability of the fat in 
question, and also the quality and risks entailed in its use as a raw material in feeds. An industry 
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which only sells fats must have adequate means of control and analysis to ensure the quality and 
risks involved in the sale of its product, and it must also have the quality systems which provide 
a complete documentation of the entire sales process. This, together with the required 
documentation ensuring traceability prior to purchase, will constitute an essential tool for 
maintaining traceability. These companies must accompany their samples with a quality and 
safety specifications sheet (in accordance with parameters which should be regulated on the basis 
of the criteria discussed in Section 3 of this study). 
 
2.5.6. Feed manufacturers 
 
Feed manufacturers use the fat sold as a raw material for manufacturing feeds. As they assess 
this raw material from a strictly nutritional point of view, they do not usually carry out 
comprehensive analytical checks, and such checks are limited to determining the Acidity Index 
or in some cases the percentage of fatty acids. Naturally the feed manufacturer demands a 
product quality and safety which must be provided by the industries described in the above 
section. This information has emerged from meetings held with feed manufacturers’ 
associations. The saving obtained by using recycled cooking oils is not large, which means that if 
they are not used, the feed and so obviously the end product are only slightly more expensive. If 
the use of recycled cooking oils as raw materials is accepted, the feed manufacturer must 
demand that a quality specifications sheet be provided for the fat supplied, which specifically 
states what the recycled oils contain. 
 
These companies must accompany their samples with a quality and safety specifications sheet (in 
accordance with parameters which should be regulated on the basis of the criteria discussed in 
Section 3 of this study).  
 
2.5.7. Livestock and/or poultry farms 
 
The farmer is the final link in the chain before the consumer; in some instances the feed 
manufacturer may be the same as the farmer, in the case of large livestock farms. This is not the 
case with the small farmer. The control that can be carried out on this final link of the chain is 
small, except that guarantees can be required of the feed manufacturers, and the latter in turn 
may demand control from the fatty materials processors. 
 
2.5.8. Consumers 
 
The use of waste cooking oils entails a risk, unless specific controls are carried out at each point 
on the food chain. The saving that may be achieved by using these fats in the end product is not 
significant, if this saving does not also provide with it control of quality, risks to health and 
environmental contamination. Consumers prefer a safe and traceable product, even if this means 
a slight increase in the product's final cost. 
 
Conclusions 
 
From an examination of the agents involved in treating edible waste oils up to their subsequent 
sale and incorporation as a fatty raw material in feed and its subsequent consumption, the 
following is clear: 
 
1. It is a waste which must be recycled, and is in no case a raw material. 
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2. The poor definition of the purification/recycling process does not allow either the quality or 
the risks to animal and human health entailed in the subsequent use of purified/recycled fat to 
be assured. 

 
3. The poor definition of the purification/recycling process does not permit environment quality 

of the process to be assured. 
 
4. Its use would depend on all the agents involved in the food chain from its collection to the 

livestock farm being able to prove the traceability, quality and safety of the recycled cooking 
oils. 

 
5. The above point is difficult to achieve because the process, and the products and blends used 

up to the point when the fat is obtained as a raw material and feed ingredient, are not clear. 
 
6. The lack of definition, insufficient standardisation of the raw material, the confusion brought 

about by names such as technical fats. These do not give an assurance of quality, nor of risks 
in the case of its use, and obviously there is an almost complete lack of product traceability. 

 
7. If the use of recycled cooking oils as a raw material is accepted, the feed manufacturer must 

demand a specifications sheet on the quality of the fat supplied, which specifically mentions 
that it contains recycled oils. 

 
8. The inclusion in the food chain of agents such as fat importing industries, the lack of 

definition of these imports and the blends that can subsequently be made with all these fatty 
materials, imply the almost complete lack of product traceability. 

 
9. Consumers want an end product whose quality is clear in all respects, with accurate 

traceability, even if the cost of the end product is slightly higher.  
 
10. If these oils are not used in the manufacture of fats for feeds in the EU, this same quality 

should be demanded of importers of poultry and livestock products from non-member 
countries, such as south-east Asia. 
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3. STANDARDISATION AND QUALITY CONTROL OF COOKING OILS AND 
RECYCLED OILS 

 
 
Control of deterioration or degradation 
 
Section 2.1 discussed the main changes that take place in oils subjected to frying and which have 
significant repercussions on the alterations in their physical properties and chemical 
composition. The problem of contamination should also be considered, as this can also introduce 
new compounds into the oil, with harmful characteristics for animal and human health. Therefore 
the controls to be established for these oils will aim to assess the most significant changes and/or 
those which present the greatest risk to health. Finally, mention will be made of those controls 
which, combining these two aspects of interest, are of greatest analytical assistance in routine 
inspections. 
 
As already noted in Section 2.1, the analytical parameter universally considered most by 
legislation, for the rejection of cooking oils, is the total percentage of polar compounds (% PC). 
Other chemical and physical properties undergo considerable changes in their values, due to the 
reactions which occur in the oil during frying. These include the refraction index, colour, 
viscosity, dielectric constant, iodine index, TBA or anisidine index and total carbonylic 
compounds. However, not all are quick and simple to apply and offer close correlations with the 
PC percentage, for any type of oils and fats. Nevertheless, the variability in the behaviour of all 
these physical and chemical parameters, according to the type of oil used (percentage of 
polyunsaturated fatty acids, antioxidants and prooxidants are factors which determine stability) 
and the frying conditions (time, temperature and type of fryer) must not be overlooked. The 
effect of the oil’s composition on these parameters is broad, although some appear to be more 
uniform in their response, such as the percentage of polar compounds or dielectric constant. 
 
Control of contamination 
 
The control of possible contamination of these oils by PCBs, dioxins and dioxin-like compounds, 
and also PAHs, should not be understood as a routine periodic control, because a priori it is to be 
hoped that they are only present in trace concentrations, in line with criteria for the total level of 
environmental contamination by these substances. However, since the process whereby these 
substances accumulate to varying degrees using in these oils has not been thoroughly researched, 
it would currently be desirable to control using statistical criteria, samples of these oils from 
different sources, and to assess the levels that might be normal for these contaminants and, in the 
light of these results, to decide what type and frequency of control would be most appropriate. 
 
 

3.1. Chemical and physical quality parameters 
 
When controlling these products, two types of oils should be considered separately, where the 
control will have a different significance: a) waste cooking oils; and b) recycled oils and their 
blends, which constitute raw materials for foods. 
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3.1.1. Control of collected cooking oils 
 
- Impurities 
 
This parameter is neither very specific nor significant, and its determination is not very important 
in terms of health, but is interesting in so far as recycling is concerned, because the proportion of 
solid impurities which accompany the oil affects the recycling treatment. 
 
- percentage water (AOAC 926.12) 
 
The water content is a parameter that may vary greatly depending on the type of cooking 
treatment to which the oil has been subjected. Thus oils may range from those with low 
moisture, to those which have a large volume content. This parameter is also important for the 
purposes of the subsequent recycling treatment and the results to be obtained from it. 
 
- percentage polar compounds (AOCS Cd 20-91, IUPAC 2.507,ISO 8420, AOAC 982.27 ) 
 
This consists of fractionation in an adsorption column (controlled humidity silica gel = 5%), and 
follows the principle that all degradation components formed during frying (DGs, MGs, free 
fatty acids, oxidised TGs, secondary oxidation compounds, TG dimers and polymers, cyclic 
monomers, oxidised dimers and polymers, etc.) are more polar than intact TGs. Thus, once the 
fat or oil to be tested has been adsorbed, it is eluted with an apolar solvent (hexane/ethyl ether 
87:13 or petroleum ether/ethyl ether 87:13) and the remaining TGs separated from the column. 
The residue is obtained by evaporation, weighed and subtracted from the initial weight of fat, to 
find the percentage polar compounds retained. This method has few requirements in terms of 
instruments, but is slow and must be carried out carefully in order to obtain reproducible results. 
Its reliability can only be ensured for values of >8-10% polar compounds. A collaborative study 
between 19 laboratories (Waltking and Wessels, 1981), which led to the official method proposal 
by the IUPAC, showed percent CV values between 4.3 and 3.5 for values of polar compounds 
between 8 and 25%. 
 
- Oxidation indices 
 
The Peroxides index (AOAC 965.33) is not very important; it should be practically zero because 
the high temperatures catalyse their destruction, generating other derivative compounds. 
However, in the case of samples of cooking oils whose storage may be variable and not properly 
controlled, there may be high values of this index in samples which have been subjected to 
inappropriate handling and/or storage before or after collection. Therefore, their value in a 
cooking oil could be a good indicator of such treatment. 
 
The determination of secondary oxidation indices is more interesting, because the destruction of 
peroxides described above leads to an increase in their concentration in the cooking oil. The p-
anisidine index or total carbonyls index are an example of determinations which are of interest in 
this field, and are discussed in greater detail below (Section 3.1.2). 
 
- Acidity index (AOAC 940.28) 
 
As already discussed, hydrolytic processes have a considerable effect on the fat or oil subjected 
to frying. Thus the assessment of free acidity is a parameter which has some significance. 
Although the evolution (increase) in the acidity index values in frying fats shows some 
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correlation with other indices, especially the smoke point, in practice however there is not a close 
correlation with those parameters which indicate total degradation (percentage polar compounds, 
dielectric constant). It should be noted that an acceptable correlation is only observed for 
industrial frying using controlled oils, depending largely on the acidity of the original oil, the 
frying conditions, the type of fried food, etc. As regulations in some countries state maximum 
values for frying oils, in these cases it will be a parameter requiring determination, even if only 
as an additional indicator of degradation. 
 
- Rapid tests 
 
It is obviously useful to have simple and quick tests, which can be applied without the frying 
operators needing much knowledge or training in analyses. However,  the use of these tests also 
entails significant risks resulting precisely from this lack of knowledge and analytical 
understanding on the part of the staff who will be carrying out the test at the fryer in a kitchen, 
the small producer/processor of fried food or within the large food industry. For this reason, 
incorrect use or interpretation of the results is a risk to be assumed, but must be controlled as 
much as possible. Critical factors that must be controlled are the frequency of performance of the 
tests, obtaining results which are always comparable (and not subject to doubt), use of the same 
type of test, appropriate storage of reagents and recording and assessing variation in behaviour of 
the tests, because in general they demonstrate relatively low accuracy and precision. However, 
what is most important is to achieve some correlation with overall degradation measurements 
(mainly the percentage PC), as their usefulness is to find the point when the oil in the fryer must 
be discarded, and not an exact quantitative measurement of the degree of degradation. Finally, it 
is important from time to time to compare the test in the laboratory with other assessment 
parameters, such as the acidity index, iodine index or polar compounds, to check that there is a 
correlation with the measurement. The use of these tests is a tool that should be used much more 
extensively in cooking/catering establishments, as it would enable them to improve their 
practices by having more objective knowledge of the state of their oils. There is a wide variety of 
tests, with very different analytical behaviour and diverse characteristics of reproducibility, cost, 
equipment requirements and technical knowledge. The existing types of rapid tests are classified 
as follows: 
 
- Carbonyl compounds tests. These use typical reagents of the carbonyl group. The most 

representative is the so-called Fritest, one of the most traditional tests, although not very 
selective, as it uses a scale of three colours, the intermediate colour being that which usually 
indicates the point of rejection of the oil (approx. 25% PC). 

- Oxidised compounds tests. These use redox indicators, which therefore react in relation to the 
concentration of total oxidised compounds. The most characteristic representatives of this 
group are the Oxifrit and RAU test, which use a scale of four points, with the third usually 
being the rejection point.  

- Free acidity tests. These use acid-base indicators, which change colour depending on the pH, 
in a more or less selective manner. A first type is the method using indicator strips, which 
carry an adsorbent with the indicator (e.g. bromocresol green). This type is also not very 
selective, with few points on the colour scale. Rather more accurate and selective are the tube 
tests, such as Very-Fri-FFA 500, which has a larger colour scale, and which is also 
accompanied by approximate equivalences in percentage of free acidity for each point.  

- Alkaline soap tests. A traditional test of this type is the Veri-Fri-TAM 150 or the ACM test 
(Blumenthal et al., 1985); this uses bromophenol blue in acetone/water as a reagent, which is 
agitated with the hot oil and the colour of the bottom transparent layer is compared with a 
scale of 5 points, for each of which an equivalence in ppm of sodium oleate is given.  
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- Polar compounds test. Very recently, a new type of quick test has been introduced, based on 
the use of a reagent sensitive to most polar compounds originating in oil (polymers, oxidised 
TGs, free fatty acids, MGs, DGs, etc.). This test, the TPM Veri-Fry Pro (Xu, 1999), uses a 
charged dye encapsulated in a gelatinous matrix, which interacts with the different 
degradation polar compounds; the intensity of the colour produced is proportional to the 
concentration of dye which interacts. The measurement is made by spectrophotometer at 490 
nm, compared with a control tube containing only the oil. The correlation of this test with the 
classical method of percentage PC is high (0.9 to 0.97), although studies still need to be 
conducted using a greater diversity of conditions and oil types. 

 
As the type of measurement made is different, so the correlations of the results of these tests with 
those of other traditional methods varies. The available studies (Al-Kahtani, 1991) suggest, very 
generally, that tests sensitive to carbonyls and oxidised products (Oxifrit test, RUA-test and Fri-
test) correlate well with each other, but their correlations with the percentage PC or dielectric 
constant measurement are only relatively good, and depend very largely on the type of oil and 
the original food. The acidity tests (Very-Fri-FFA 500) have relatively strong correlations with 
the previous tests and with the percentage PC and dielectric constant, but also depend on the fat, 
frying conditions and type of food. On the other hand, they correlate rather poorly with alkaline 
material tests (soaps). These tests (ACM test and Veri-Fry-TAM 150) in turn show mediocre 
correlations with the measurement of percentage PC and dielectric constant. 
 
3.1.2. Control of recycled oils 
 
In this situation, bearing in mind that they have already passed through a recycling process and 
that they must meet a set of quality characteristics as raw materials for feeds, from the nutritional 
and safety point of view, the basic parameter of most interest is not percentage of polar 
compounds, which is too generic, but the percentage of fatty acids or oxidised triglycerides. This 
parameter will give a more accurate picture of the total fraction of unchanged triglycerides. The 
calculation by difference in relation to the weight of oil will indicate the oxidised fraction plus 
the unsaponifiable matter it contains. This parameter will make it possible to calculate on the one 
hand, the energy value the fat will give to the feed, and on the other the possible dilution that 
may have occurred to the frying oil with other waste from the vegetable oil industry (refining, 
fatty acid distillation, etc.) which is rich in unsaponifiable matter. 
 
- Percentage Fatty acids insoluble in petroleum ether  (IUPAC II.D.12) 
 
Frying fat is saponified (alcoholic KOH), and acidified with alcoholic HCI to obtain free fatty 
acids, which are extracted with petroleum ether. As oxidised fatty acids are insoluble in 
petroleum ether, the remaining insoluble fraction, washed and weighed, will correspond. It is 
only an approximate measurement with average precision, but its simplicity makes it useful for 
routine control purposes. 
 
- Percentage non-elutable materials (AOAC 977.17) 
 
The original, relatively simple, method is based on adding a known weight of triglyceride as an 
internal standard to a known weight of fat, preparing methyl esters of fatty acids (according to 
the standardised method for determining the fatty acid composition) and injecting them into the 
chromatograph. By comparing the area obtained for the internal standard with the sum of the 
total areas, a value for the total eluted fatty acids will be obtained, which should correspond to 
the total weight of fat. As lower values are obtained, it is assumed that the difference 
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corresponds to the polar degradation compounds which are not eluted in the chromatographic 
column. This difference is quantified as percentage non-elutable matter, in accordance with the 
formula 
 

 
       [Awi  · (Wwi + W/ Wwi ) - A]   
percentage non-elutable matter =                                                          · 100 
       Awi · [(Wwi + W/ Wwi ) - 1]   
 
 
where: Awi = area of internal standard; A = sum of total areas of the chromatogram; Wwi = weight of internal 
standard; W = weight of the fat 
 
A collaborative study (Waltking, 1975), in which this method was compared with the 
determination of polymers by exclusion gel chromatography, showed that the values of non-
elutable material are higher than those of polymers in a cooking oil, with the difference greatly 
increasing with the degree of use of the oil. This suggests that it is the best indicator of overall 
degradation of cooking oil. The precision of the tested method was very good, although rather 
dependent on the preparation of the methyl esters and the injection in the chromatograph. This 
type of determination is very helpful in cooking oils for monitoring their degradation, as we can 
find out more specifically how the (especially unsaturated) fatty acids are affected, providing 
more complete information than the simple figure of the total percentage PC. 
 
- Percentage total dimers and polymers (AOCS Cd 22-91, IUPAC 2.508, AOAC 993.25) 
 
For the specific determination of dimers and other polymers of TGs, the method which has 
become most widely used is the CLAE on stages of molecular exclusion. Under the conditions of 
the method standardised and recommended by the IUPAC, a band is obtained which contains all 
the polymers of all the types present in the cooking fat, both oxidised and non oxidised. The TG 
cyclic monomers, and also oxidised TGs, are collected in the same band as the unaltered TGs. 
Finally, when the cooking oil shows an advanced state of degradation, the bands corresponding 
to the DGs, MGs and free fatty acids then appear. The most commonly used detector is the 
refractometer on account of its universal functionality. The alternative use of the 
spectrophotometer (234 nm) is not recommended, as non-oxidised polymers do not exhibit 
conjugated double bonds, so their absorption is virtually nil. The columns used are 30 cm x 0.77 
cm i.d., filled with 5 micron polystyrene/divinylbenzene gel. The mobile phase used is 
tetrahydrofuran. The method shows good precision for a polymer content of 5% or over (CV = 
5%), although it is rather worse for lower values (CV= 25% for a 2% content), according to data 
from IUPAC comparative tests. The method has been proven to be valid from a content of 3% 
polymers in the sample. 
 
- Determination of different degraded types 
 
A more selective method is that proposed by Pérez-Camino et al. (1990), which determines the 
total oxidised forms of triglycerides without hydrolysis. The procedure comprises a first phase of 
separation in silica gel column, identical to that for obtaining polar compounds. In a second 
phase, the fraction corresponding to these polar compounds is subjected to CLAE on molecular 
exclusion columns, in order to isolate and quantify, very specifically, the band corresponding to 
the so-called oxidised triglycerides, which combines all the forms derived from primary and 
secondary oxidation of the triglyceride molecules. At the same time, the method has the 
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advantage that other bands can be quantified in parallel, corresponding to other polar degradation 
products (mainly free fatty acids, DGs and triglyceride dimers). However the current trend is to 
prefer determination in the form of methyl esters of fatty acids, instead of oxidised TGs without 
hydrolysis, because in the form of free fatty acids the number of different chemical types that can 
be obtained is reduced, and it is possible to assess more easily and accurately the total non-
oxidised fatty acid chains and the total oxidised chains. 
 
- Percentage unsaponifiable fraction (AOAC 933.08) 
 
The percentage unsaponifiable fraction in a raw oil or fat represents the sum of non-glyceride 
components, in other words hydrocarbons, aliphatic and terpenic alcohols, sterols, tocopherols, 
pigments, etc. This proportion varies depending on the oil or fat (2.5 to 6%, with some 
exceptions with a higher content of up to 9%) and in general they are compounds of polar nature 
which are therefore added to other polar compounds in the cooking oils used when the 
percentage of polar compounds is determined. Hence the importance of considering the 
unsaponifiable content in these oils, as they do not represent the degraded fraction as do the other 
components of the polar compounds fraction. 
 
Furthermore, some fatty materials used in feeds are especially rich in unsaponifiable compounds 
(distillation and/or refining waste), so abnormally high values of the percentage unsaponifiable 
fraction in an oil or fat for feeds which contains recycled cooking oils, could be due to possible 
blends with these fatty materials. For this reason, the determination of the percentage 
unsaponifiable matter in technical fats for feeds could be doubly useful as a control. 
 
Finally, the possible accidental mixture with mineral oils could also be a good index, as all these 
form part of the unsaponifiable fraction, considerably increasing the normal values of a recycled 
cooking oil or any other fatty food matter. A more specific test for the qualitative detection and 
quantitative determination of mineral oils in oils and fats is AOAC 945.102. 
 
- Oxidation indices 
 
The application of the Peroxides index is of little significance, as in frying their destruction is 
catalysed by the high temperature. It is only of interest for checking incorrect handling or storage 
of the oil, which would raise the oxidation indices value, as noted in Section 3.1.1 above. On the 
other hand, the usual indices for measuring secondary oxidation are of great interest in the 
assessment of degradation levels of recycled cooking oils. The Carbonyls index and p-anisidine 
index show a close correlation with the percentage polar compounds in oils subjected to frying. 
The values of these indices which correspond to the rejection point of reused cooking oils (% PC 
= 25), are Carbonyls index = 42 and p-anisidine index = 155; the average values for different oils 
under different frying conditions. This could be useful as a starting point for establishing values 
of some of these indices as a limiting factor for the use of recycled cooking oils in feeds. 
 
- Acidity index  
 
The minor significance of the acidity index has already been mentioned in the above section, but 
in recycled oils it could constitute a quality parameter for assessment, as there are limiting levels 
of this index for all fats and oils used as raw materials in feeds. It should be considered whether 
its significance is so small in this case that there would be no point in limiting its presence, 
thereby obviating the need for its determination. 
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3.1.3. Control of fat blends for feeds, containing recycled oils  
 
- Percentage degraded fatty matter 
 
This index is the most significant for assessing the overall degradation characteristics of a fat that 
may be used for feeds (whether it is a recycled cooking oil or a blend containing it), as it gives a 
general picture of the degree of degradation, and consequently enables an approximation to be 
made of its degradation level. 
 
It is calculated from two determinations, the percentage non-elutable matter and the percentage 
unsaponifiable matter: 
 
% degraded fatty matter = (% non-elutable matter) – (% unsaponifiable matter) 
 
This value makes it possible to assess the degradation and at the same time the percentage 
unsaponifiable matter. It also gives information on the non-energy fraction of the feed, as the 
percentage of available triglycerides may be inferred indirectly. 
 
In conclusion, this value permits an overall assessment, whatever the blend of fats made, of the 
state of degradation. It does not take the hydrolysed fraction into account, but it does consider 
oxidised compounds, cyclic monomers and polar and apolar polymers. 
 
 

3.2. Control of contamination 
 
 
- PCBs and dioxins 
 
To control the concentration of these contaminants (PCBs, dioxins and dioxin-like compounds; 
PAHs) requires reliable and standardised methods of analysis for a specific type of sample. 
Existing reports on the analytical determination of dioxins and dioxin-like compounds in 
different matrices indicate that there is still a long way to go before an effective means is 
available for producing data on the presence of these contaminants. The problem is even less 
clear in relation to the examples corresponding to this study, namely cooking oils, feeds and food 
of animal origin. These studies thus conclude that the available data on the presence of these 
contaminants in the environment cannot be processed statistically and provide conclusions, 
basically because of the following poorly-controlled variable factors, which affect the reliability 
of the results: 
 
1. Sampling. Representative samples must be obtained in an organised and controlled manner, 

to generate data so as to assess specific areas and draw valid conclusions regarding levels, 
origins and types of contamination. It is therefore important to accompany the analyses with 
full descriptions of all the aspects relating to the sample taken (location, seasonal variation, 
size, collection method, handling, etc.). The sampling characteristics have been shown to be 
the main reason for lack of reliability of data produced on contamination from these 
compounds. 

2. Standardisation of the analytical procedure used. At the moment, chromatography systems 
together with mass spectrometry are essential tools for obtaining the best results, especially 
for correct identification and definition of the chemical types isolated and quantified. 
However, the diversity of components that may be found and the high sensitivity required for 
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their detection are factors which make it difficult to obtain reliable results. In particular, 
standardised methods are necessary and the different analysis laboratories which work in this 
field must have methods which give reproducible and comparable results. The comparison 
exercises carried out between them to date are insufficient, especially in the field of food 
samples. Existing reports emphasise the need to have standardised analysis procedures and 
reference standards of dioxins and other contaminants in mixtures of oils and foods 
(following the studies undertaken by ISO and the European CEN Standard 1948-1997). For 
example, for some years there has been an AOAC method (968.23) for dioxins in oils and 
fats (oedema factor in chickens), but determination should extend to other related substances 
(PCBs, furans). With regard to reference standards, the existing ones do not cover all 
substances of this group which should be controlled and, moreover, it would be desirable to 
have reference standards for degraded cooking oils, as the presence of degradation 
compounds may interfere significantly with the processes for the isolation and recovery of 
these substances, with regard to their behaviour in a raw oil. Comparative studies between 
laboratories in different European countries should be encouraged in order to have an 
essential working tool for obtaining reliable contamination data and for more uniform control 
among the different EU states. Other data which should accompany the results to improve 
their reliability are: a) fat content, as these contaminants are particularly liposoluble; and b) 
confidence intervals for the values obtained in the analysis, which shows the variability 
inherent to the methodology used. 

3. Detection limits of the analytical technique. The detection limits of the technique used are 
data which must, without fail, accompany all the analytical results of these contaminants 
because, depending on these limits, the Toxicity Equivalents (TEQ) corresponding to the 
undetected substances have to be calculated. So, for greater reliability of the results, the latter 
must always be expressed as an interval of TEQ values, where the maximum value takes the 
content of undetected substances to be the same as the detection limit, and the minimum 
value takes the content of undetected substances to be equal to zero. 

4. Expression of the results. To assess the risk implied by the presence of PCBs, dioxins and 
dioxin-like substances, a global method of expressing the content in the sample of these 
substances is used, which is the TEQ or Toxicity Equivalents, which are calculated by 
multiplying the content of each substance by their toxicity equivalence factor (TEF), relating 
to the 2,3,7,8-TCDD, and summing all the values. As may easily be imagined, this could lead 
to major errors, resulting from the failure to identify some substances in the chromatogram 
and the application of incorrect TEF factors for others. In addition, these toxicity equivalence 
values (TEF) are revised periodically for some substances, as and when more data on their 
toxicity become known. It is therefore advisable always to use TEF values given by the 
WHO, so as to avoid as much as possible these variations in the expression of results. 

5. Sample variability. The samples obtained for analysis show a certain variability in 
contamination from dioxins, PCBs and dioxin-like compounds, which may be attributed to 
different factors, and which also contributes to the difficulty of evaluating the data obtained. 
Firstly, the geographic origin has proven to be a decisive factor in the variability of contents; 
thus certain geographic areas of the EU may be considered to be generally more 
contaminated than other areas, although it has not been possible to establish clear criteria for 
differentiation. This fact may have significant repercussions on the sale of oils, feeds or food 
products between different Member States. Secondly, the routes of contamination and the 
environmental behaviour of these contaminants (dioxins and dioxin-like PCBs, in particular) 
are not well known, so conclusions cannot be drawn on the significance of a larger or smaller 
presence of these contaminants in a sample. As a result, it is interesting to study in particular 
the factors that may cause major differences in exposure via food to these contaminants, in 
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the different areas of the EU, such as the influence of climate, agricultural livestock farming 
practices, dietary regimes, etc. 

 
- PAHs  
 
Polycyclic aromatic hydrocarbons are also contaminants which are found in very low 
concentrations in oils and other foods (µg/kg). However in some cases, because they form in oils 
and other foods (high temperature effects), they may exceed these concentrations. For this 
reason, the characteristics of their analysis are no different from the case of PCBs and dioxins: 
different related chemical types at low concentrations. Highly refined separation techniques are 
required, together with highly sensitive determination systems, and also mandatory confirmation 
of the identity of the substances detected in the sample. Although there are standardised methods 
(AOAC 48.1.01-1995) based on purification and fractionation by column chromatography and 
thin-layer chromatography, with subsequent UV spectrophotometric determination 
(spectrofluorimetric identification), the currently preferred methods are high-performance liquid 
chromatography (HPLC), and even more so gas chromatography (GC). The latter technique 
offers the best resolution of PAH mixtures, so it offers the most accurate, precise and selective 
tool for their determination. The combination with mass spectrometry (GC/MS) permits very 
reliable identification, even distinguishing the different isomers.  
 
However, with regard to the standardisation of methods and the availability of reference 
standards, the same applies as in the case of dioxins, in other words there is still much ground to 
be covered. Tests between laboratories should be encouraged among the different Member States 
of the EU, in order to provide an essential tool for configuring the data map on the presence of 
these PAHs in cooking oils, feeds and food products. 
 
 

3.3. Control systems 
 
A control system must be introduced to ensure the final quality of the product and, particularly, 
in this case, safety for the end consumer, and for the animals on feed containing recycled 
cooking oils. Here, and given the flow diagram of the whole process (see Section 2.5, Part B), 
any control system applied must have the following aims: 
 
• To ensure consumer protection, achieving the best quality, in other words here the minimum 

risk to public health. 
• To ensure traceability along the entire chain, to prevent fraud and reduce risks to health. It 

also enables breaks in the chain to be detected immediately and their causes identified, in 
order to set in motion appropriate correction measures as quickly as possible. 

 
The introduction of these quality systems (HACCP or other alternatives) would establish the 
necessary measures so that fats supplied as ingredients for feeds meet the minimum safety (or 
overall safety) requirements. They would thus provide a tool which facilitates the blocking of 
non-standard samples which might be dangerous, and also facilitates routine inspection tasks. 
According to the above-mentioned diagram, all the agents involved in the chain must have such 
a quality system and require that the immediately preceding agent meets these quality 
specifications and likewise ensures previous traceability. In the analysis of the risk involved in 
using recycled cooking oils in feeds, it is the chain which is considered to end with the feed 
manufacturer or farmer, who must take responsibility for the quality of the feed he supplies in a 
particular case for animal production. At the outset, the traceability of product quality must be 
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established through all the agents who deal with fatty materials which finally become feed 
ingredients (companies and catering establishments which provide used cooking oils as waste, 
companies which collect/recycle these oils, industries which buy and blend fats, companies 
which sell fats, etc.). Naturally the food chain goes further, and must cover the agents 
responsible for breeding the animals, slaughtering and handling them, distribution, sale, storage 
and possibly processing, all stages which must be controlled with regard to risk of 
contamination. However, it is considered that the risk associated with these stages is not directly 
related to the subject of this study. 
 
Each of the companies involved in the chain must implement its own quality system, after first 
analysing the dangers and risks implicated in the tasks it carries out, always bearing in mind the 
final aim of ensuring the minimum quality required of the product in terms of health. The correct 
performance of this analysis will determine the effectiveness of the quality system finally 
adopted. There are three basic aspects for introducing these quality systems: 
 
1) Certification. The certificate is in fact the document which enables a company to gain the 

confidence of the administration in its quality systems, to obtain the required quality in the 
fat, feed or product it supplies. All the agents involved in the chain must therefore hold this 
certificate. 

2) Quality specifications. Some minimum levels for certain quality parameters for fatty raw 
materials should be established, which will ensure that they may safely be used as feed 
ingredients. 

3) The documentation relating to the application of the quality system. This documentation is 
the key point for obtaining adequate traceability and knowing how the product has been 
processed along the chain, and what happens to it at each stage. 

 
Thus, via this procedure, any operator in the chain can be sure that it is buying a fat which 
complies with the required minimum specifications.  
 
Finally, the additional tool for ensuring this quality is sample analysis, which must cover all the 
parameters whose values permit an assessment of compliance. In this case, the basic aim of these 
analyses must be to ensure that there are minimum levels of risk from the presence of potentially 
harmful substances. In relation to the points discussed in the above sections (3.1 and 3.2), a 
minimum proposal follows of parameters which may be relevant for controlling three types of 
products: waste cooking oils, recycled oils and possible blends of these oils with other fats. 
 
3.3.1. In waste cooking oils 
 
 - % impurities: this parameter is to limit the quantity of solid food residues that may 
accompany the oil collected. 
 

- % water: useful for classifying cooking oils and deciding the type of recycling or its use 
for other applications. 
 

- % polar compounds (in the fatty fraction): indicator of the degree of reuse of the 
cooking oil, and so its degree of overall degradation. 
 

- % free acidity (in the fatty fraction): indicator of the change in hydrolysis. This control 
value complements the preceding one. It may be omitted in some cases. 
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- As an option, an analysis of contamination (dioxins and PCBs in particular) may also be 
required, but as they are not products which are directly used in feed (they must be recycled or 
purified), we believe that this determination of contamination should be carried out after 
purification, so avoiding duplication in an analysis which is so complex and expensive. 
 
3.3.2. In recycled oils and their blends 
 

- % degraded fatty matter (% non-elutable matter - % unsaponifiable matter): indicator of 
the degradation of the glyceride fraction, and so a basic control parameter for these fats. It 
controls the presence of excessive quantities of degradation compounds of TGs, with harmful 
characteristics, and at the same time the overall level of quality (degradation) of the fat. 
 

- % unsaponifiable matter: this assesses the presence of excessive quantities of 
byproducts from the oil and fat industries, and reveals any accidental mixing with mineral oils, 
resulting in a high toxic risk, as demonstrated in the recent case of dioxins in Belgium.  
 

- Contaminants (PCBs, dioxins and dioxin-like compounds, PAHs) 
 
To control the general quality of fat intended for feeds, the following two types of 
determinations may as an option be carried out: 
 
 -peroxide value 
  

- p-anisidine index (or other indices assessing secondary oxidation) 
 
 - acidity index  
 
 

3.4. Reference values and standards 
 
3.4.1. Oil degradation compounds 
 
In view of the health implications commented on above, international bodies and the 
administration have issued recommendations and legal provisions which regulate the use and 
maximum life of oils and fats subjected to frying. The most commonly accepted system for 
control is the parameter called Total polar compounds (must be <25% in Spain, Belgium, Czech 
Republic, France and Italy; <27% in Switzerland, Austria and Germany; and <30% in Hungary); 
a determination discussed above. 
 
However, the legislation of some countries also requires other parameters to be met, such as 
acidity index (must be < 2.5 in Austria, Belgium and Japan; and < 4.5 in Holland); the 
determination of dimers and polymers of tris acyl glycerols (must be < 10% in Belgium and 
Czech Republic; and < 16% in Holland); smoke point (must be < 170ºC in Switzerland, Austria, 
Belgium, Germany and Japan); oxidised fatty acids insoluble in petroleum ether (must be < 1% 
in Austria and Germany); viscosity (must be < 27 mPa-sec at 50ºC in Belgium); carbonyls index 
(must be < 50 in Japan). 
 
Furthermore, some studies carried out on actual samples from the market (corresponding to 
different types of cooking establishments and different oils), in France (n= 31), Spain (n= 174) 
and Germany (n= 124), provide useful information for assessing what might be the normal 
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values found in different degradation compounds in discarded cooking oils. It should be 
mentioned that all these samples were taken by the inspection services of the corresponding 
administrations. According to these studies, the data that may distinguish a used cooking oil, 
which has reached around 25% polar compounds, may have the following average values: 15.8% 
polymers; 6.3% oxidised triglycerides; 2% diglycerides and 0.9% free acids. 
 
These studies also shed light on another interesting question, which is that in about 40% of cases, 
discarded oils exceed 25% polar compounds which is the limit established by legal regulations. 
This leads to the conclusion that quality control for these collected oils is essential, before 
recycling them and using them for food purposes (feeds). Finally, another interesting conclusion 
of the authors of these studies is that in many establishments (especially small ones), there is a  
general lack of knowledge of the frying process, together with incorrect procedures for changing 
or discarding oil, frying temperatures and selection of conditions regarding the oil used. 
Consequently, a campaign should be carried out to assist many of these establishments to 
improve the quality of their process and product, and help them introduce simple measures of 
analytical control, such as rapid tests, which will guide them as to the state of the oil at different 
points of the process. 
 
As a consequence all these data which have been gathered, we consider that values could be 
established for certain analytical parameters which should be met by cooking oils for recycling 
and subsequent use in animal feeds. These values are understood to correspond to the lipid 
fraction of the waste collected, in other words after eliminating or not counting the water it 
contains. These values may be: 
 
% polar compounds    < 25-28% 
% polymers     < 16-18% 
% oxidised TGs (non-elutable comp.) < 6-8% 
% FAs insoluble in petroleum ether  < 1-2%  
% free FAs     <5% 
Viscosity     < 27 mPa-sec (at 50ºC) 
Dielectric constant (FOS method)  < 4 
Carbonyls index    < 45-55 
p-anisidine index    < 150-160  
% unsaponifiable fraction   < 5-6% (with some exceptions) 
 
Among these quality parameters, a small group must be selected for checking waste cooking 
oils, and another group for checking recycled oils intended for feeds. At all events, it should be 
clarified that existing studies cannot be regarded as sufficient, and some of these values should 
be revised after more detailed studies have been conducted on practical samples from different 
cooking systems, in order to establish values which are more consistent with reality and do not 
restrict too severely the use of commonly produced cooking oil waste. 
 
3.4.2. Contaminants 
 
As mentioned, we are still a long way from having data on the normal content in cooking oils, 
animal feeds and food products, of PCBs, dioxins and dioxin-like compounds and PAHs. The 
available data place the dioxin content between about 0.2.pg/I-TEQ/g fat and a maximum of 2.6 
pg/I-TEQ g fat in oils for consumption, while margarines, also used in domestic cooking, are 
around 0.49 pg I-TEQ/g fat. In the final products, these contents are around 0.2 to 3.8 pg/I-TEQ/ 
g fat for milk and milk derivatives; 0.1 to 16.7 pg/I-TEQ/ g fat for meat and derivatives; 0.7 to 
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2.2 pg/I-TEQ/ g fat for chicken and 1.2 to 4.6 pg/I-TEQ/ g fat for eggs. As regards the 
established risk values, the level proposed by the WHO in 1998 is between 1 and 4 pg TEQ/kg 
weight, which would include compounds such as PCBs. 
 
Council Directive 1999/29/EC on undesirable substances and products in animal nutrition 
establishes an upper limit of 500 pg I-TEQ/kg, for dioxins (sum of PCDDs and PCDFs) in 
feedingstuffs. No limits are given for PCBs.  
 
Normal diets provide significant quantities of some PAHs, average values that may be around 
0.03 µg/day for dibenzo(a,h)anthracene and 1.1 µg/day for pyrene. Some studies give individual 
data on concentrations of PAHs in different foods. So, in oils and fats concentrations have been 
found which suggest an ingestion of 0.90 µg/person/day. In meats, values of 0.21 µg/person/day 
and in milks, values of 0.08 µg/person/day. Another important fact to consider is that cooked 
foods have far higher PAH values than raw foods, because high temperatures induce the 
formation of PAHs. Thus, values for benzo(a)pyrene in barbecued (charcoal-broiled) meat of 5.8 
to 10.5 µg/kg have been reported, and in the same samples, from 43 to 49 µg/kg for fluoranthene. 
This fact, together with some previous studies, which appear to indicate the possible formation 
of PAHs in oil during frying, should be taken into account to assess in further depth the quality 
and safety of these oils, in relation to the presence of these substances. 
 
No limits are given by EU legislation for the presence of PAHs in feedingstuffs. 
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1. Assessment of the toxicity risk in use of cooking oils 

 
Figure 5 – General diagram giving the activities involved in the assessment of risk using cooking oils, 

the prior research and the management of this risk for public health (adapted from Feskens, 1997) 
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2. Cooking oils 
 
2.1. Frying process 
 
Frying is the cooking process which involves the use of an oil or fat heated to a high 
temperature, as a medium into which the food is placed. Several variables influence the process 
and lead to the optimisation of frying conditions for each type of food. The main variables to be 
considered are:  
 
• Dependent on the process 
 

-Temperature/Time 
- Frying method   frying pan 
     fryer   continuous 
        discontinuous 
- Composition of frying receptacle 

 
• Dependent on type of oil     composition of the oil 

additives 
 
• Dependent on the food to be fried    Area/volume ratio  
        Coverage 
        Humidity 
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All these variables lead to differences in the characteristics of the fried product, and also to 
variable degradation of the frying medium. The main characteristics of importance in relation to 
the safety of using cooking oils are as follows: 
 
1. Adsorption of the cooking oil in the external area of the fried product: this adsorption is 

variable, depending on the nature of the food, its surface area and the presence of coatings or 
batter. Within this effect, it must be considered that any liposoluble contaminants in the oil 
(dioxins and dioxin-like compounds) may pass into the food. 

2. Transfer of liposoluble compounds in the food to the frying oil: this is an important 
phenomenon, because it allows the liposoluble contaminants in the food to be transferred to 
the cooking oil.  It should also be pointed out that as successive batches of food are placed in 
the oil, these substances will become concentrated. 

3. Transfer of water from the food to the frying oil: this is a determining factor in its 
degradation reactions. It is also important to consider the percentage of water that may 
remain incorporated in waste cooking oils collected for subsequent recycling. 

4. Formation of volatile compounds in the oil: at low concentrations, they give the typical and 
desirable aromas and flavours of fried products, but in excess they give undesirable aromas 
and flavours. 

5. Considerable degradation in composition of the cooking oil, as a result of different reactions. 
Because of its importance regarding safety of use in feeds, this is discussed in greater detail 
in the following section. 

 
Table 1 gives some of the oils most commonly used for frying in manufacturing and catering. 
 

Table 1 – Main types of fats and oils used for frying 
Type of fat or oil Products 
Animal fats Lard 

Suet 
Vegetable oils Olive 

Sunflower 
Soya 
Corn 
Cotton 
Rapeseed 
Peanut 

Vegetable fats Palm 
Cabbage palm 
Coconut 

Fractions Cotton stearin 
Palm olein 
Palm stearin 

Hydrogenates Hydrogenated fish oil 
Hydrogenated palm olein 
Hydrogenated soya oil 

 
 
2.2. Changes in composition of oil during frying 
 
Three agents, which act by bringing about different reactions, cause the components of oils in 
frying to undergo various changes: 1) the oxygen from the aeration to which the oil is subjected 
at the surface of the receptacle encourages oxidation of the fatty acids chains (FA) of 
triglycerides (TG), and also of unsaponifiable compounds, such as sterols, tocopherols and 
pigments; 2) the water given off by the food catalyses the hydrolysis of TGs, releasing FAs, 
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diglycerides (DG) and monoglycerides (MG); and 3) the high temperatures encourage 
polymerisation reactions between TGs. Figure 6 shows a diagram summarising these processes, 
with the main compounds formed in these reactions. 
 
 

Figure 6 – Diagram of the main degradation processes involved in frying  
 
    
      Frying oil 
    
Aeration   O2   *Fixed oxidation compounds 
         (oxidised TGs, epoxides, etc.) 

*Volatiles (hexanal, pentane, 2,4- 
  decadienal, pentanol, etc.) 
*Oxidised oligomers  
*Sterol oxides      

 
Food    Water   *Free FAs, MG, DG 
 
 
Temperature   Catalysis  *Non-polar oligomers  
(150-190°C)      *Cyclic monomers 
 
 
 
 
 
 
The main products among these degradation compounds are dimers, trimers and other polymers, 
whose presence may reach up to 30% of total oil in cooking oils reused to excess (abuse), and 
15% in oils discarded at the point of necessity according to legal regulations. The structure of 
these polymers is very variable, as it depends on the fatty acid composition of the oil used and on 
the different intermolecular bonds established; which is why significant data have not been 
established concerning their individual chemical characteristics. Other components of interest are 
cyclic monomers, compounds which are formed by intramolecular ring formation of fatty acids, 
free or constituting TGs. These cyclic monomers are more specific compounds, for which there 
is currently a fair amount of interesting data on their structural characteristics. These data are 
important, in view of the higher toxicity of these cyclic monomers compared with polymers, 
mainly due to their higher rates of absorption in the body. Table 2 shows some of the cyclic 
monomers which have been identified in cooking oils or heated oils, with a diagrammatic 
representation of the structure of the two main types (hexagonal or pentagonal ring). It has been 
observed that one or other of the structures predominates, depending on the main 
polyunsaturated FA in the oil, either linoleic or linolenic (it should be noted that oils high in 
linolenic acid are not recommended for frying because of their low thermal stability, so it is 
advised that their presence be limited to 2-3% of total FAs). 
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Table 2 – Main FAs cyclic monomers identified in oils subjected to frying/heating  
(Sébédio et al., 1989) 

  
methyl-9-(2-butylcyclopentyl) nonanoate trans   methyl-9-(2-propylcyclohexyl) nonanoate trans 
methyl-10-(2-propylcyclopentyl) decanoate trans     methyl-9-(2-propylcyclohexyl) nonanoate cis 
methyl-9-(2-butylcyclopentyl) nonanoate cis   methyl-9-(2-propylcyclohexyl) nonanoate trans 
methyl-10-(2-propylcyclopentyl) decanoate cis 
methyl-7-(2-hexylcyclopentyl) heptanoate trans 
methyl-9-(2-butylcyclopentyl) nonanoate trans 
methyl-7-(2-hexylcyclopentyl) heptanoate cis 
methyl-9-(2-butylcyclopentyl) nonanoate cis 
 

 
 
 
Oxidised FAs and TGs (peroxides, epoxides, etc.) are also an interesting fraction, but they result 
in minority compounds, as they are nearly always unstable and break down to produce other 
compounds, called secondary oxidation compounds. These include volatile compounds, in 
particular carbonylic compounds, hydrocarbons and alcohols. Other stable secondary compounds 
also form. On the whole, the carbonyle compounds make up the largest proportion, and are a 
good indicator of secondary oxidation and global oxidation in the oil (carbonyls index, p-
anisidine index or TBA index). Finally, hydrolysis compounds may also reach a significant level 
(up to 5% in discarded frying oils). However, the latter compounds have no harmful 
characteristics and are only valuable as indices of general oil quality. Finally, among the 
compounds of the non-glyceride fraction (known as the unsaponifiable fraction), mention need 
only be made of sterol oxide formation. In this field, the study of the oxidation of cholesterol is 
fairly well advanced and harmful effects of these compounds on the body have been detected. 
However the field of phytosterols (predominant in vegetable oils) still requires much research, 
although there appear to be data which suggest effects of some interest, especially on the 
metabolism, of cholesterol and atherosclerosis.  
 
Table 3 gives some interesting data on the different proportions of degradation compounds 
formed in an oil (sunflower), in relation to usage time. However, it should be remembered that 
the different conditions of the process and the composition of the oil may result in these figures 
varying between significant margins. 
 

Table 3 – Determination of different polar types in sunflower oil used for frying 
(Dobarganes et al., 1996) 

Sample frying 
time 

(hours) 

Oligomers Dimers Oxidised 
monomers 

Diglycerides Free fatty 
acids 

Total 
polar 

compounds 
*** 

TG* 3 2.1 5.7 6.9 2.0 0.7 17.4 
ME** 3 0.4 3.2 3.5   7.1 
TG 5 5.8 8.6 9.6 2.2 1.0 27.2 
ME 5 1.0 5.0 5.2   11.2 
TG 8 13.3 12.1 13.0 2.3 0.8 41.5 
ME 8 2.5 7.8 8.5   18.8 
* TG = direct determination on oil; ** ME = determination after conversion into methyl esters; *** Polar compounds = total 
degraded compounds determined by official method 
 
 
2.3. Toxicity of the degradation compounds of oils 
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Table 4 gives the main types of degradation compounds, their relative abundance in oils used for 
frying and the main harmful effects that have been observed.  
 
 

Table 4 – Main degradation compounds of fats during frying and the physiological after-effects 
 of their ingestion 

Degradation compounds Relative abundance Nutritional/toxic effects* 
Hydroperoxides Low (only at low temp.) Enzymatic dysfunction of the intestinal 

mucosa 
Induction of colon cellular proliferation 

Epoxides, TGs and oxidised 
FAs 

Moderate (low temp.) Hepatic hypertrophy 
Hepatic enzymatic dysfunction 

Secondary compounds Moderate-High Hepatoxicity, mutagenicity 
Oxidised cyclic monomers Moderate-Low (especially at 

high temp.) 
Reduced growth and death 

Non-oxidised dimers and 
oligomers 

Moderate-High (at 200°C and 
low oxygen) 

Diarrhoea 

Oxidised dimers Predominant (at high temp. 
and with aeration) 

Reduced growth 

Oxidised oligomers Predominant (at high temp. 
and with aeration) 

Reduced growth 

Oxysterols Variable Inhibition of HMG-CoA reductase 
Atherogenicity 
Cytotoxicity/Mutagenicity 

* (In experimental animals fed on heated oils with purified degraded fractions) 
 
 
However, the data given in this table should be seen in perspective, bearing in mind that many of 
these effects were observed in studies which used heated oils as a degradation model, not 
cooking oils, and in other cases studies which used in feeds excessive and unrealistic doses of 
cooking oils or compounds isolated from the latter. In particular, the following aspects may be 
concluded: 
 
• Oxidised fatty acids. The available studies show an average degree of absorption of these 

compounds, from the ingestion of cooking oils in experimental animals (50%). However, the 
diversity of the oxidised chemical types that can be found and the mixture of their effects 
with those of other degradation compounds in the oil, do not allow their level of toxicity to 
be evaluated. More specific toxicity studies on isolated compounds are required, but at the 
concentrations in which they are found in cooking oils (moderate-low in oils treated at high 
temperature), a low toxic effect may be expected. 

• Cyclic monomers. The main effects of these (at doses of between 0.0075 and 0.1500% in the 
animal’s diet) are an increase in liver size (fatty liver) and an increase in enzymatic 
detoxification metabolism in the liver, and also retarded growth of the animal. They are 
absorbed in the gastrointestinal tract in high proportions and are distributed and accumulate 
in various tissues. However, a high level of excretion after 12 hours (75-96%) has been 
observed. The type of ring and configuration affects the absorption and hence the toxicity. 
Hexagonal ring compounds are accumulated less than pentagonals, and trans isomers are less 
easily accumulated than the respective cis. More specific studies on isolated molecules are 
required. 

• Dimers and other polymers. Their gastrointestinal absorption is low compared with cyclic 
monomers, only reaching values of between 4 and 10%. Depending on the chemical 
structure, and especially on whether there are polar groups in the polymers, it should be 
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noted that polar compounds (oxidised) are absorbed more than non-polar. Despite their low 
absorption, it should be borne in mind that polymers are the main degradation components in 
cooking oils, reaching 50% of the total degraded TGs. Among the harmful effects observed 
in experimental animals, the reduction in total digestibility of the feed is the most significant. 
However, many studies use excessive and unrealistic doses of these polymers in the animal 
diet. Studies carried out using more realistic doses, up to 5% dimers in the feed, show an 
absence of effects on liver size, metabolism, and growth. 

• Whole oils subjected to frying. The effects observed in non-specific studies on the effects of 
incorporating cooking oils in feeds show little influence on the liver, growth and the lipidic 
composition of plasma and some organs. However, a pro-oxidising effect may be observed, 
which is reflected in an increase in TBA values (secondary lipidic oxidation) in the liver and 
a reduction in tocopherol levels in the plasma. 

 
2.4. Limits for reuse of used cooking oils  
 
In response to observations of harmful or toxic effects from excessive reuse of cooking oils, 
international bodies and the administration have issued recommendations and legal provisions 
which regulate the use and maximum life of oils and fats subjected to frying.  
 
 

Table 5 – Limit values of different analytical parameters used for the rejection 
of cooking oils (legal regulations) 

Country % PC Acidity Polymers Smoke point FAs insoluble in 
ether 

Viscosity Carbonyl index

Spain <25%       
Belgium <25% <2.5 <10% <170°C  <27 mPa-sec 

(at 50°C) 
 

France <25%       
Italy <25%       

Austria <27% <2.5  <170°C <1%   
Holland  <4.5 <16%     
Germany <27%   <170°C <1%   

Switzerland <27%   <170°C    
Czech Rep. <25%  <10%     
Hungary <30%       

Japan  <2.5  <170°C   <50 
 

 
The most accepted system of limitation for control is the parameter called Total polar 
compounds (% PC), the determination of which is standardised (see Section 5.1 below); it gives 
an approximate evaluation of the total degradation compounds. Most countries in the EU and the 
rest of the world limit the concentration of these polar compounds to <25-30% of the sample. 
Table 5 shows the values of different parameters which are used to regulate the use of cooking 
oils, in different legal requirements. 
 
 

3. Contaminants in cooking oils 
 
 
3.1. PCBs, dioxins and dioxin-like compounds  
 
3.1.1. Chemical structural characteristics 
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This group of contaminants is characterised by the fact that it has related chemical structures, 
which are therefore handled together. The exception is PCBs, a very large group, so only PCBs 
with a dioxin-like structure (coplanar PCBs) are handled together. Although they may be of 
different strength (there are individual defined toxicity equivalent factors), they show similar 
toxic effects, so a joint total toxicity value is established; the sum of all the substances present in 
a sample.  
 
Figure 7 shows the basic structures of dibenzofurans (PCDF), dibenzodioxins (PCDD) and PCBs 
of related structure. 
 

 
Figure 7 – Chemical structures corresponding to PCBs, PCDDs and PCDFs 

 
 
 
 
 
 
    
 
 
   
 

PCDDs         PCDFs 
 
 
 
 
 
 
 

PCBs 
 
 
The different types in these three families result from the fact that there are multiple substitutions 
with chlorine atoms, in different positions. Thus the most common are tetra-, penta-, hexa-, 
hepta- and octa-chloro substituted. More than 200 PCDD/PCDF have been detected, among 
which 2,3,7,8-TCDD is the most significant as it has the highest toxicity (Rompp, 1998). This is 
why it is the reference for calculating the toxicity equivalents of all these substances. Currently 
bromine derivatives, which would form a group larger than the 5000 types technically possible, 
are beginning to be identified in various samples. With regard to PCBs, substances widely used 
in industry, there are about 200 synthesised compounds containing between 1 and 10 chlorine 
atoms as substitutes. These types are numbered from 1 to 209 and this code is usually added to 
their nomenclature for better identification. 
 
 
3.1.2. Toxicity 
 
There are few effects of acute toxicity caused by dibenzodioxins and dibenzofurans, for which 
the LD50 is very high. An effect has only been observed on the skin (chloracne) and the 

    Cl x                                  Cl y          Cl x                                  Cl y 
          (x = 1 to 4)             (y = 1 to 4) 

      Cl x                                    Cl y 
     (x = 1 to 5)     (y = 1 to 5) 
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respiratory system. Coplanar PCBs have similar toxic effects. However, the importance of all 
these compounds as toxic substances lies in their long-term effects, mainly as carcinogens, 
immuno-suppressors and hormonal disruptors. Their mechanisms of action have not been fully 
established. The intensity of their toxic effects depends on the molecular structure, and certain 
systems have been established to assess their relative toxicity and to be able to give total toxicity 
values for a sample which contains a set of these substances. This is the so-called TEQ system. It 
is based on the fact that 2,3,7,8-TCDD is the compound with the highest toxicity. In relation to 
the latter, the relative toxicity of the other dibenzodioxins, dibenzofurans, and also PCBs of 
coplanar structure, similar to dioxins, is assessed. The so-called Toxicity Equivalence Factor 
(TEF) is calculated for each component, with 2,3,7,8-TCDD having a value of 1. This system 
allows the overall toxicity of a sample to be expressed as the sum of the toxicities which would 
correspond to each of the substances of these groups (PCDD, PCDF and coplanar PCBs) present 
in the sample, after multiplying the concentration of each by its corresponding TEF. Thus the 
value called TEQ is obtained (pg TEQ/g sample or /g fat of the sample). 
 
These TEF values are given for each substance after its toxicological evaluation, which suggests 
a system with some variability and which should be reviewed as more results of new studies 
become known. Various proposals have been put forward in an attempt to standardise the use of 
this system of equivalences between substances of these groups. The first universally accepted 
proposal of TEFs was that of NATO (1988), whose values are given in Table 6. The Council 
Directive 94/67/EC adopted these values. The most up-to-date and complete system (including 
PCBs and calculation of the TEQ) is that proposed by the WHO, the values of which are given in 
Table 7. 
 

Table 6 – Toxicity Equivalence Factors (I-TEFs) of some dibenzodioxins and 
 dibenzofurans  (NATO 1988) 

Compound 
 

TEF 

2,3,7,8-TCDD 1 
1,2,3,7,8-PeCDD 0.5 
HxCDDs 0.1 
1,2,3,4,6,7,8-HpCDD 0.01 
OCDD 0.001 
  
2,3,7,8-TCDF 0.1 
2,3,4,7,8-PeCDD 0.5 
1,2,3,7,8-PeCDD 0.05 
HxCDFS 0.1 
  
1,2,3,4,6,7,8-HpCDF 0.01 
1,2,3,4,7,8,9-HpCDF 0.001 
OCDF 0.001 

 
As a result of applying this system, the WHO has established that the Tolerable Daily Intake 
(TDI) for man must be 1-4 pg WHO-TEQ/kg body weight/day, including PCBs. 
 
3.1.3. Normal content in foods and levels of exposure 
 
The most important characteristics of PCBs, dioxins and dioxin-like compounds are that they are 
very liposoluble, poorly degradable and relatively volatile. For this reason, vegetable fat tissues 
and especially animal tissues are those which permit greater accumulation. At the same time, 
their different persistence characteristics, because of the nature of the mixture, lead to large 
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differences in their average life: 0.4 to 225 days for PCDDs on the surface of water; 200 hours 
for TCDD vapour in the atmosphere; 2 to 52 days for PCDFs in the liver and adipose tissue of 
rats; 6 to 24 years for PCBs with a high number of chlorinated substitutes in human serum; and 
1-6 years for PCBs with few chlorinated substitutes in human serum. As may be observed, 
persistence in human serum is very high. This is because man is at the end of the food chain, and 
so food is the main route of exposure to these contaminants. This effect, called biomagnification, 
is demonstrated by data from Rompp (1998) relating to how PCB contamination increases in the 
different segments of an ecosystem, as shown in Figure 8. 
 

Table 7 – Toxicity Equivalence Factors of the WHO (WHO-TEFs) for dibenzodioxins, 
 dibenzofurans and PCBs 

Compound 
 

TEF in Man/mammals TEF in birds 

2,3,7,8-TCDD 1 1 
1,2,3,7,8-PeCDD 1 1 

1,2,3,4,7,8-HxCDD 0.1 0.05 
1,2,3,6,7,8-HxCDD 0.1 0.01 
1,2,3,7,8,9-HxCDD 0.1 0.1 

1,2,3,4,6,7,8-HpCDD 0.01 <0.001 
OCDD 0.0001 0.0001 

   
2,3,7,8-TCDF 0.1 1 

1,2,3,7,8-PeCDF 0.05 0.1 
2,3,4,7,8-PeCDF 0.5 1 

HxCDFs 0.1 0.1 
HpCDFs 0.01 0.01 
OCDF 0.0001 0.0001 

   
3,4,4’,5-TCB (81) 0.0001 0.1 
3,3’,4,4’-TCB (77) 0.0001 0.05 

3,3’,4,4’,5-PeCB (126) 0.1 0.1 
2,3,3’,4,4’-PeCB (105) 0.0001 0.0001 
2,3,4,4’,5-PeCB (114) 0.0005 0.0001 
2,3,4,4’,5-PeCB (118) 0.0001 0.00001 
2,3’,4,4’,5-PeCB (123) 0.0001 0.00001 

2,3,3’,4,4’,5-HxCB (156) 0.0005 0.0001 
2,3,3’,4,4’,5’-HxCB (157) 0.0005 0.0001 
3,3’,4,4’,5,5’-HxCB (169) 0.01 0.001 

2,3,3’,4,4’,5,5’-HpCB (189) 0.0001 0.00001 
 
 

 
 
The data corresponding to the analysis of these contaminants in human milk are very significant, 
as milk is a primary route of elimination of these substances from the body. According to AEA 
data (1999), the dioxin levels in human milk are relatively high, with values for 1993 of between 
17 and 24 pg I-TEQ/g milk fat. These values show a clear reduction (approximately 30%) 
compared to those presented in 1988. The 1993 values assume an average daily intake (for a 
baby weighing 4 kg) of 106-144 pg I-TEQ/day (800 ml milk with 3% fat). Consequently, breast-
fed babies are exposed to contamination by dioxins and dioxin-like substances which widely 
exceeds the WHO recommendations, 1-4 pg WHO-TEQ/kg weight/day (AEA, 1999). 
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Figure 8 – Illustration of the biomagnification effect for PCBs throughout 
the food chain (Rompp, 1998) 

 
 
 

The main cause of exposure to man of these toxic compounds is the food chain (>95%). Between 
60 and 80% comes from feeds or plants ingested by livestock (in the form of food of animal 
origin), and between 40 and 20% of processed foods. The importance should therefore be 
considered of controlling and reducing contamination in raw materials for feeds, including 
cooking oils and fats, which may be good accumulators of these substances. Table 8 gives data 
on the dioxin concentrations in European foods, expressed in I-TEQ. 

 
 

Table 8 – Average values and ranges of dioxin concentrations found in foods in the EU,  
expressed in pg I-TEQ/g (AEA, 1999) 

Food Average value Range of values 
 

Oils and fats 0.6 0.2-2.6 
Meat and derivatives 1.3 0.1-16.7 
Chicken 1.6 0.7-2.2 
Milk 1.3 0.2-2.6 
Milk products 1.3 0.5-3.8 
Eggs 1.5  
Fish 21.2 2.4-214.3 
Bread and cereals 0.9 0.1-2.4 
Fruit and vegetables 0.02 0.01-0.2 

 
 

More specific data on the content of these contaminants in European foods, reported by various 
authors, show a wide spread of values. For example in birds and eggs, the values are much 
higher than those in the above table, reaching 150-160. In general, it may be concluded that 
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foods of vegetable origin, including edible oils and fats, show much less contamination than 
those of animal origin, with the contamination accumulated in fish being particularly high.  
 
 
3.2. PAHs 
 
PAHs form a very extensive group of substances which may constitute a significant public health 
problem, as some substances of this group have considerable carcinogenic effects. Smokers are 
exposed to high quantities of these hydrocarbons, as their concentration in tobacco smoke is 
significant. For non-smokers, however, food constitutes the main cause of exposure to PAHs.  
 

Figure 9 – Chemical structure of some PAHs, present in foods 
 
 
 
 
 
 
       Pireno           Criseno                 Fenantreno                     Perileno 
 
 
 
 
  Benzopireno           Antraceno                      Fluoreno                     Fluoranteno 
 
 
The fact that they are compounds which form easily during the combustion of organic matter 
means that their presence in the environment is constantly increasing. The origin of PAHs in 
foods is mainly due to the method of food preparation, particularly by smoking, although their 
origin may also be traced to pollution of the environment and deposition in plants. The formation 
of PAHs is encouraged by incomplete pyrolysis or combustion of organic matter at temperatures 
of between 500-900°C, although their production is increased from 700°C upwards. Their origin 
is diverse, and they are formed from peptides, lipids, carbohydrates, terpenes and leaf pigments. 
The highest concentration of PAHs is found in the pyrolysis of lipids, especially sterols. On the 
other hand, as incomplete combustion of wood generates large quantities of PAHs, smoked foods 
also have high quantities of these compounds.  
 

Table 9 – Usual PAH content in foods (according to Dennis et al. 1983) 
Daily intake of each type of food (%) (*) Daily 

intake 
(µg) 

Cereals Meat Fish Fats/ oils Fruit Milk Root veg. Others 

Fl 0.99 32 7 2 14 16 6 5 17 
P 1.09 39 8 1 20 13 1 4 12 
B(a)a 0.22 38 4 1 34 9 2 4 8 
Cr 0.50 36 5 3 19 8 2 8 21 
B(e)p 0.17 31 3 1 53 3 0 2 7 
B(b)f 0.18 30 3 2 42 6 2 5 10 
B(k)f 0.06 29 3 2 41 5 2 6 13 
B(a)p 0.25 30 3 1 50 5 2 4 4 
Bpl 0.21 30 4 1 48 5 2 5 4 
Dba 0.03 56 8 4 20 8 0 6 4 
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Total 3.70 100 100 100 100 100 100 100 100 
(*) Fl= fluoranthene; P= pyrene; B(a)a= benzo(a)anthracene; Cr= chrysene; B(e)p= benzo(e)pyrene;  
B(b)f= benzo(e)fluoranthene; B(k)f= benzo(k)fluoranthene; B(a)p= benzo(a)pyrene; Bpl= benzo 
(g,h,i)pyrilene; Dba= dibenzo(a,h)anthracene. 
 
 
A lower incidence in foods derives from pollution of the environment, although the combustion 
of sources of fossil fuels, waste or vegetation involves the formation of PAHs and their dispersal 
into the atmosphere, from where they are deposited in plants. The presence of PAHs in foods is 
estimated in ppb (µg kg-1).  
 
Table 9 shows values that may be considered normal of some PAHs in foods, where it may be 
observed that smoking and cooking, especially charcoal grilling, greatly increases their content. 
However, a piece of data which is of considerable interest in the study of recycled cooking oils is 
the fact that the most contaminated foods are vegetables, and not those of animal origin as is the 
case with PCBs and dioxins. Cereals and oils are the most contaminated, which should 
encourage studies on the normal content of PAHs in cooking oils and waste cooking oils, where 
they may have formed during heating to high temperature or else partially disappeared by 
volatilisation. 
 
The official bodies, Joint FAO/WHO Committee on food additives and WHO Committee for the 
prevention of cancer, have always been very cautious with regard to potential or proven 
carcinogens, restricting their allowable intake limits. But PAHs, being contaminants known as 
inevitable (difficult to eliminate) cannot be realistically regulated by the same system. The 
problem of limiting their presence in foods is complex, as although it has been possible to 
establish threshold doses of toxicity for some of the most significant PAHs in foods, the normal 
consumption of particular foods with a high PAH content (smoked foods, barbecued meat and 
fish) is a traditional practice which has not been proved to be the specific cause of a significant 
increase in the incidence of cancer. Moreover, as has been noted, PAHs are very widespread 
contaminants which originate from reactions not induced by specific activities, as in the case 
with PCBs. For this reason, the practical management of limiting the presence of PAHs in 
cooking oils must be very different from the limitation of PCBs and dioxins, whose presence in 
the environment may be decreased by regulating different practices or industrial activities. This 
has lead the WHO to adopt the concept of socially-acceptable risk levels for those carcinogenic 
chemicals whose presence is inevitable or whose elimination implies disproportionate economic 
burdens and actions. 
 
 

4. Use of cooking oils as raw materials in animal feeds 
 
 
The systems of intensive production of animal species for human consumption has become 
widespread over the last few decades, and currently range from birds to ruminant and non-
ruminant mammals and even fish. The use of formulated feeds has led to optimisation of 
production output, to the detriment of other quality factors. The food safety aspects are also 
being compromised, especially by the use of raw materials whose repercussions on health are not 
well known or which are not adequately controlled. Fatty materials are widely introduced 
because of their high energy potential, which means that they are nearly always present in any 
form of feed. The main fats currently used in feeds, intended for different animal species, may be 
simply classified into the following groups:  
 



 

 85

 - Raw oils and fats  
 - Acid or olein oils (refining byproducts) 
 - Processed oils and fats (soaps, hydrogenates) 
 - Recycled oils and fats (cooking waste) 
 - Fractions of oils and fats (distillates, lecithins, oleostearins) 
 - Blends (technical fats) 
 
 

Table 10 – Main types of fatty materials used in the manufacture of animal feeds 
Fatty material * PUFA/SFA  % linoleic  ** ME (<20 d) ** ME (adults) 

Suet 0.76 2.0 7100 8000 

Butter 1.75 10.5 7850 8600 

Animal fat 1.45 >7.5 7000 8100 

Chicken fat 2.22 20.5 8000 8800 

Fish oil 0.67 1.8 7700 8450 

Fish olein   6300 7600 

Soya oil 5.56 53.0 8300 9000 

Rape oil 10 20.5 8100 8800 

Palm oil 1.04 9.7 6900 8200 

Coconut oil 0.11 1.8 6800 8000 

Soya olein   7360 8450 

Sunflower olein   7400 8500 

Olive olein   7050 8000 

Palm olein   6700 7900 

Soya lecithin 3.12 51.0 6500 6700 

Yellow grease 2.56 21.0 7050 8200 

Fat oleins 
 

>50% linoleic 
>35% linoleic 
<20% linoleic 

 
 

5.0 
2.32 
1.49 

 
 

>50.0 
>35.0 
<20.0 

 
 

7300 
6800 
6100 

 
 

8400 
7900 
7200 

Ca soaps 
 

Palm 
Mixtures 

 
 

1.0 
0.43 

 
 

8.4 
3.0 

 
 

5000 
4900 

 
 

6800 
6740 

Hydrogenated fats 
>90%C16+C18 
<55%C16+C18 

 
 

0.11 
1.18 

 
 

<2.0 
1.1 

 
 

5100 
5000 

 
 

6820 
6750 

* PUFA/SFA = quotient between polyunsaturated fatty acids (PUFA) and saturated fatty acids (SFA) in the fat;  
** ME = metabolisable energy 
 
Among raw oils and fats, distinction may be made between those of animal origin (suet, lard, 
butter, fish oil and chicken fat) and those of vegetable origin (rapeseed, corn, sunflower, soya, 
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linseed, coconut, cabbage palm and palm). The energy value of these raw fats varies, as does the 
contribution of other factors which are interesting from the nutritional point of view, such as the 
lecithin content, liposoluble vitamins and other antioxidant substances. Their melting points also 
vary, which affects the fluidity characteristics of the animal’s deposition fats. Their unsaturation 
level also varies, which is a determining factor for the stability of the fat deposited in the tract by 
the animal. As may be observed, there are many byproducts from industries which obtain/refine/ 
process edible fats for human consumption. These byproducts or waste sometime have 
unfavourable characteristics with regard to quality, as they have undergone a complex series of 
treatments for their final recovery. Hence these are the main components in the feed to be 
controlled, because they may contain new compounds formed by degradation or may accumulate 
or concentrate liposoluble contaminants (PCBs, dioxins and dioxin-like compounds). Table 10 
gives a summary of the main types of fatty materials currently used for feed manufacture, with 
their most significant composition characteristics. 
 
 

5. Quality control and safety of cooking oils 
 
 
5.1. Analytical parameters for controlling oil degradation 
 
Section 2.2 of this Technical File briefly describes the main changes which take place in oils 
subjected to cooking and which will have important repercussions on the change in their physical 
properties and chemical composition. The controls which will be established for these oils will 
be aimed at assessing the biggest changes and/or those which present the greatest risk to health.  
 
 

Figure 10 – Development of different physical and chemical properties in cooking oils 
(according to Wu & Nawar, 1986) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

days
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PC= polar compounds; Pol= polymers; Dim= dimers; CM= cyclic monomers; FFA= free fatty
acids; Vis= viscosity; FOS= dielectric constant.
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Finally, it will need to propose a smaller number of these parameters which, fulfilling this two-
fold concern, will be of the greatest analytical use in routine control. The analytical parameter 
most commonly planned by legislation for the rejection of cooking oils is the total percentage of 
polar compounds (% PC). This parameter aims to make an overall assessment of the degradation 
of the TG/fatty acids, by differentiating between the percentage of apolar compounds present in 
the oil used (a figure which mainly corresponds to the unchanged TGs) and the percentage of 
polar compounds in the oil (a figure which corresponds to the components with certain polar 
chemical groups, as are most of the degradation compounds: free fatty acids, MGs and DGs, 
polymers, oxidised compounds). A standard procedure for separating both fractions should be 
followed, as polarity is a relative concept and, depending on the polarity of the solvents used for 
separation, a variable PC fraction may be obtained. Moreover, other chemical and physical 
characteristics also develop as an oil undergoing frying degrades, as shown in Figure 10.  
 
Consequently, determination of the values corresponding to the physical and chemical properties 
of oils subjected to frying, and also most of the rapid tests developed for control at the point of 
frying, is aimed at finding the more or less direct correlation which exists with the content of 
polar compounds. These properties include the refraction index, viscosity, dielectric constant, 
iodine index, TBA or p-anisidine index and total carbonyl compounds. However, only some are 
quick and simple to apply and offer close correlations with the percentage of PC, for any type of 
oils and fats. Figure 11 shows a diagram of the official procedure. 
 

Figure 11 – Diagram showing the official method for determining the percentage of  
polar compounds in cooking oils 
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        % P.C. = (Pm - P1) · 100/Pm                                            % P.C. = P2 · 100/Pm 
 
 
 
 
However, it must not be overlooked that the behaviour of all these physical and chemical 
parameters varies depending on the type of oil used (percentage of polyunsaturated fatty acids, 
antioxidants and prooxidants are determining factors for stability) and frying conditions (time, 
temperature and type of fryer).  
 
In this respect, distinction must be made between the following: 
 
• Most significant parameters in waste cooking oils 
 
1. % Water. Important because of the transfer of water from foods during cooking/frying. 
2. % Polar compounds. Essential, as it represents the set of changed compounds and is the 

parameter used by all legislation to limit the reuse of oils for frying. 
3. Acidity index. This is important, because hydrolysis is highly activated during frying. It is a 

complementary parameter to polar compounds, there being no correlation between their 
values. 

4. Secondary oxidation indices (carbonyls or p-anisidine). These are interesting because they 
indicate the total oxidation level reached by the oil. 

 
• Most significant analytical parameters in recycled cooking oils (raw materials for feeds). 

Also applicable to technical fats for feeds, blends which may contain recycled oils. 
 
1. % non-elutable matter. This parameter determines, more specifically, the entire fraction 

corresponding to the degraded fatty acids or TGs. However, the fraction which is not elutable 
(determined by gas chromatography of the intact fatty acids) also includes the unsaponifiable 
compounds. So the following parameter is recommended, to avoid interference in the values 
that may be caused by the variability of the unsaponifiable matter: 

2. % degraded fatty matter. Consists of subtracting the percentage of unsaponifiable matter of 
the oil from the percentage of non-elutable matter. 

3. % unsaponifiable matter. This value is necessary for the above calculation, but it is also 
interesting in its own right, as it may help detect: a) addition or contamination from mineral 
oils, as they are not saponifiable and would increase the value of this parameter; b) presence 
of byproducts from refining/distillation of edible oils and fatty acids, which are very rich in 
unsaponifiable matter. 

 
• Use of rapid tests, by kitchens and cooking/catering industries. 
 
Various rapid tests have been developed under different names (Fritest, Oxyfrit or RAU-test, 
Veri-Fry-FFA, Veri-Fry-Tam150, etc.); these are of the colorimetric type, they use reactions 
with different bases, and their mechanism is complex and not fully established. These tests may 
be classified in accordance with the type of degradation compounds to which they are sensitive: 
 
- Carbonyl compound tests. The main reagent of the test is a substance which is capable of 

reacting, more or less specifically, to aldehydes and ketones, which are major secondary 
oxidation compounds. This type of test is therefore based on the same application principle 
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of the carbonyl and p-anisidine indices, discussed above, taking account of the fact that the 
concentration of carbonyl compounds increases in proportion to the cooking time, although 
with certain limitations. The most representative is the test called the Fritest, one of the most 
traditional, although not very selective, tests, which uses a scale of three colours, with the 
intermediate colour usually indicating the point of rejection of the oil. 

- Oxidised compounds tests. These use redox indicators, which therefore react proportionally 
to the concentration of total oxidised compounds (Meyer, 1979). The most characteristic 
representatives of this group are the Oxifrit and RAU tests, which use a scale of four points, 
with the third usually being the rejection point. They have the disadvantage that they use 
highly flammable solvents. 

- Free acidity tests. These use base-acid indicators, which change colour depending on the pH, 
in a reasonably selective manner. They presuppose a simplification of the acidity index 
measurement, which, as has been observed, increases significantly with frying time. A first 
type is the method which uses indicator strips designed specially for use with hot oil, on 
specially designed glass or silicone mounts supporting an adsorbent with the indicator (e.g. 
bromocresol green). This type of test is also not very selective, with few points on the colour 
scale. Rather more accurate and selective are the tube tests, such as the Very-Fri-FFA 500, 
which has a larger colour scale, and is also accompanied by approximate equivalences in 
percent free acidity for each point. These tests demonstrate fairly close correlations with the 
acidity index. 

- Alkaline soap tests. These methods are based on the fact that the fatty acids released in oils 
during frying react partially with the food salts, giving rise to alkaline soaps. Thus although it 
is a less sensitive measurement, because the soaps accumulate in smaller quantities than the 
free acids, it is also a measurement that may be of some interest. A traditional test of this 
type is the Veri-Fri-TAM 150 or the ACM test (Blumenthal et al., 1985), which use 
bromophenol blue in acetone/water as a reagent, which is agitated with the hot oil and the 
colour of the transparent bottom layer is compared against a scale of 5 points, for each of 
which an equivalence in ppm sodium oleate is given.  

- Polar compounds test. A new type of rapid test has very recently been introduced, based on 
the use of a reagent sensitive to most of the polar compounds originating in the oil (polymers, 
oxidised TGs, free fatty acids, MGs, DGs, etc.). This test, the TPM Veri-Fry Pro (Xu, 1999), 
uses a charged dye, encapsulated in a gelatinous matrix, which can interact with the different 
polar degradation compounds, and the intensity of the colour produced is proportional to the 
concentration of the dye which interacts with them. The measurement is made by 
spectrophotometer at 490 nm, against a control tube containing only the oil. The correlation 
of this test with the traditional percentage PC test is high (0.9 to 0.97), although further 
studies are required using it under a greater diversity of conditions and types of oil. 

 
 
5.2. Determination of contaminants 
 
The determination of contaminants in cooking oils for feeds and food products is highly 
complex, in the case of both dioxins and dioxin-related compounds, and PAHs. The factors 
which bring about this complexity of the analytical method to be used are: a) the low 
concentration at which they have to be detected (important requirements of sensitivity of 
method); b) the large number of types of compounds that may be found in the same sample 
(important requirements of selectivity of method and need for techniques which confirm the 
identity of the compounds detected); and c) the complex systems of overall expression of 
toxicity, such as sum of components, relating to toxicity factors (TEFs). The most critical stages 
of the method are those of extraction and purification/concentration of the contaminants from the 
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sample. Generally speaking, the following operation stages may be envisaged for determining 
these compounds: 
 
• Extraction. The traditional systems for extracting the lipidic fraction (which will contain 

these contaminants) are increasingly being replaced by those which improve efficiency and 
accelerate the process, and also allow more purified extracts to be obtained. These techniques 
include: microwave-assisted extraction; solid-phase extraction (with adsorbents and specific 
and gradient elutions); extraction with supercritical fluids; immuno-affinity columns, or 
complex methods combining two systems. 

• Purification. This stage is similar to the above in that it shares some of the above-mentioned 
stages, such as solid-phase extraction. This is a field in which analysts have produced a 
reasonable amount of work, and there are good protocols for extraction/purification for 
PCBs, dioxins and dioxin-like compounds, also for fractionating them prior to analysis, 
which increases selectivity. 

• Identification/Determination. One problem lies in the fact that some reference standards, 
which are also expensive, are not available. Currently, although the cost of the techniques is 
high, there are CG/MS systems with a high capability for identification and the possibility for 
full automation. Kits based on enzyme-immuno assays are a good tool for preliminary 
screening, and have shown marked development over the last few years. 

 
The extremely low concentrations of PAHs in foods (µg/kg) make difficult their separation and 
purification from food matrices. As PAHs are liposoluble components, the triacylglycerol 
fraction of foods is the main interference which must be removed from fat extracts, before PAHs 
could be determined. Then two or more purification steps must be applied for a good 
purification. So, Winkler et al. (1997) proposed a method to determine PAHs in maize consisted 
of Soxhlet extraction, saponification, double column chromatography (first on a silica column 
and then on a Sephadex LH20 column) before HPLC determination. More simplified methods 
proposed acetonitrile extraction, partition with pentane and silica column purification, before 
gas-chromatography determination (Coates et al., 1986). More than 20 methods have been 
reported in literature, with similar extraction and purification steps, and HPLC-fluorescence 
detector or GC-FID or GC-MS determination. In all cases, the complexity of this kind of  
procedures avoids their application for routine purposes. The main problem is the poor recovery 
of some PAHs in the final extract by their lack of stability during steps in alkaline medium and 
during silica column separations. So many modifications have been introduced in analytical 
procedures in order to minimize PAHs degradation (Tamakawa et al., 1996). The following 
precautions are recommended during PAHs analysis: a) protection from light; b) addition of 
Na2S as antioxidant during saponification or alkaline digestion; c) use of peroxide-free ether; d) 
quick separations procedures on silica columns; e) prevention of air from coming into contact 
with adsorbent; f) concentration of final extract must be careful, avoiding oxidation and 
evaporation of low molecular weight PAHs. In spite of this complexity, some authors have 
proposed simplified procedures for routine analysis of PAHs in foods. Takatsuki et al. (1985) 
and other authors reported different methods based on alkaline digestion, extraction and silica 
Sep-Pak purification. The low dead volume of these minicolumns and the short time of 
procedure avoids PAHs oxidation caused by light and air exposure. So, recoveries from 90 to 
100% were obtained for main PAHs. Tamakawa et al. (1996) give a complete discussion on 
different conditions that have been used to extract and purify PAHs, but there is a lack of 
intercomparison studies on the reliability and accuracy of PAHs determination methods. 
 
As PAHs, pesticide and many other residues and contaminants, PCBs, dibenzodioxins and 
dibenzofurans are minor components that can be isolated by lipid extraction from a food matrix. 
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So, purification of extracts is the most important step in any analytical procedure used for their 
determination, since many other trace components can be present, interfering their quantitation. 
Many authors have reported different methodologies, starting with some kind of extraction: 
continuous or discontinuous solvent extraction, acid or alkaline digestion prior to solvent 
extraction, or neutral solid-phase extraction. The choice of the most suitable extraction procedure 
depends on the nature of the sample matrix (Sherry and Onuska, 1996). Complex matrices must 
be disrupted by addition of some agents (alcohol or acetone, formic acid, sodium oxalate, ...) to 
improve the release of these contaminants from tissues and, as a consequence,  their recovery in 
the organic extract. So, good recoveries (>85%) were reported for these kind of procedures for a 
wide range of concentrations (10 to 100 pg TCDD/g). Erickson (1992) makes a detailed 
discussion on main aspects related to extraction of PCBs and dioxins. Purification of lipid extract 
is another main step in the analytical procedure. Fat must be removed as a main interference, but 
pesticide and another lipophilic contaminants or residues must be also removed. Many versatile 
technologies can be adapted and combined to obtain a purified extract containing PCBs, PCDDs 
and PCDFs. Partitioning between acetonitrile and non-polar solvents and column 
chromatography (gel permeation, active carbon, florisil and alumina) were the most used 
procedures. Planar PCBs, PCDDs and PCDFs can resist strong acid treatments, so acid digestion 
is a good system to complete degradation of major lipids, as well as  PAHs and many pesticides, 
during purification steps. Alkaline digestion have been also used, although it can provoke 
PCDDs/PCDFs degradation. The extent of purification and the nature of procedures must be 
chosen according to the option of multiresidue analysis designed. Finally, the determination of 
individual congeners in the purified extract can be performed by CG-MS, that allows a good 
resolution and identification of each compound. Previous separation of the different isomer and 
congener groups can be performed by HPLC or by activated carbon column chromatography 
(Rappe, 1984). Due to the complex mixtures of isomers and congeners that  can be found in a 
sample, mass-spectrometry is an almost obliged tool for the identity confirmation. This 
identification is the key for the calculation of TEQ in the sample, according to the corresponding 
TEF of each compound. Different kinds of mass-spectrometry have been successfully applied to 
the characterization of PCDDs/PCDFs (Sherry and Onuska, 1996) and PCBs (Safe and 
Hutzinger, 1973), and they also allow to quantify them with the best sensibility (McCurvin et al., 
1989; Pellizari, 1981). Some authors give criteria that must be followed to assess a performance 
of this kind of method (Firestone, 1991). 
 
Immunoassays, and particularly enzyme immunoassays, is another kind of methodology that 
have become popular for PCBs and dioxins analysis (Sherry and Onuska, 1996). However, this 
technique only find a good application in high contaminated samples, although limits of 
detection can be rather low for some PCBs. So, this method can be used as a screening procedure 
allowing to reduce the number of samples that must be determined by GC-MS. 
 
The most important conclusion is obviously that the analysis of dioxins and dioxin-related 
compounds, and also other trace contaminants, requires specialised laboratories with expensive 
equipment and specialised techniques. An urgent assessment of the situation should therefore be 
considered, with recognition or certification of laboratories (in all Member States) able to 
provide reliable data on contamination, and for the testing of different types of samples.  
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