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1. Introduction
The eighty-third meeting of the Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) was held in Rome from 8 to 17 November 2016. The meeting 
was opened by Dr Renata Clarke, Head of the Food Safety and Quality Unit of the 
Food and Agriculture Organization of the United Nations (FAO), who welcomed 
participants on behalf of the Directors-General of FAO and the World Health 
Organization (WHO). 
 Dr Clarke thanked all participants for placing their valuable time and 
expertise at the disposal of the two organizations and commented that JECFA 
was one of the most successful joint undertakings of FAO and WHO, playing 
a critical role in the development of international food safety standards by the 
Codex Alimentarius Commission. 
 It was noted that this year marks an important milestone: the 60th 
anniversary of JECFA. Much knowledge has been developed over this period and 
has served as the foundation for food safety decisions globally and nationally, 
with the excellence of JECFA always being a constant. The FAO/WHO Joint 
Secretariat has worked and continues to work to maintain this excellence, by 
updating procedures to ensure the soundness and integrity of the evaluations 
made and incorporating new approaches into the JECFA process, as science 
evolves.
 It was further noted that this meeting of the Committee, which is 
dedicated to contaminants, has a challenging agenda, with some new substances 
to evaluate and others, such as aflatoxins and fumonisins, to be re-evaluated, also 
looking at co-exposure.
 Dr Clarke reminded participants that they have been invited to this 
meeting as independent experts and not as representatives of their countries or 
organizations. The Committee was also reminded of the confidential nature of 
the JECFA meetings, which allows experts to freely express their opinions. 
 Dr Clarke closed by expressing her sincere gratitude to participants 
for providing their time and expertise to this core component of both FAO and 
WHO work.

1.1  Declarations of interests
The Secretariat informed the Committee that all experts participating in the 
eighty-third meeting had completed declaration of interest forms and that no 
conflicts of interest had been identified.
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1.2  Modification of the agenda
The Committee made the following modifications to the agenda (see original 
agenda in Annex 3):

 ■ “Diacetoxyscirpenol” was renamed as “4,15-Diacetoxyscirpenol”.
 ■ “3-MCPD esters” was expanded to include free MCPD.
 ■ Co-exposure of fumonisins with aflatoxins was dealt with as a separate 

agenda item from fumonisins.
 ■ The report on matters of interest arising from previous sessions of the 

Codex Committee on Contaminants in Foods (CCCF) was removed 
from the agenda.
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2. General considerations
As a result of the recommendations of the first Joint FAO/WHO Conference 
on Food Additives, held in September 1955 (1), there have been 82 previous 
meetings of the Committee (Annex 1). 
 The tasks before the present Committee were to:

 ■ elaborate further principles governing the evaluation of contaminants 
in food (section 2);

 ■ undertake toxicological evaluations and dietary exposure assessments 
for six contaminants or groups of contaminants in food (section 3 
and Annex 2);

 ■ undertake toxicological evaluations and dietary exposure assessments 
in relation to co-exposure to two groups of contaminants in food 
(section 3 and Annex 2).

2.1  Principles governing the toxicological evaluation of 
compounds on the agenda

In making recommendations on the safety of contaminants in food, the 
Committee took into consideration the principles established and contained in 
the publication Principles and Methods for the Risk Assessment of Chemicals in 
Food (Environmental Health Criteria [EHC] 240), published in 2009 (2).

2.1.1  Considerations for dose–response modelling 
Introduction
The present meeting used dose–response modelling to evaluate exposure-related 
effects and to derive a point of departure to establish a health-based guidance 
value or a margin of exposure (MOE) for risk assessment, referring to previous 
guidance and practices of JECFA (e.g. EHC 239 (3) and EHC 240 (2) as well as 
the report of the seventy-second meeting of JECFA [Annex 1, reference 199]). 
During the meeting, the Committee recognized several issues concerning the 
selection of models to be included in the set of models fitted to the dose–response 
data identified as pivotal for risk assessment.

Theoretical considerations
Dose–response models are mathematical models that approximate a biological 
process in a range of observed data. When extrapolating below the lowest dose 
of the experimental data, it should not be assumed that any one model is an 
accurate representation of the true underlying dose–response. There are often 
several different models that describe the data adequately, and there is often 
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considerable uncertainty in the form of the approximation of the dose–response 
relationship. 

Benchmark dose methodology ideally avoids this problem by confining 
the modelling process to doses at which the relationship between dose and 
response is highly constrained by empirical data, so that the differences between 
the estimates generated by alternative models are slight (4). For example, when 
considering quantal data, a dose that results in a 10% increase in excess risk is 
typically used, because this is a size of effect that is typically bracketed by standard 
testing methodologies using experimental animals (Annex 1, reference 176). 
However, the data often do not conform to that ideal. Laboratory studies may 
be limited by the number of animals per dose or employ doses that are far apart 
from the dose at which the critical adverse health effects become evident for risk 
assessment. Epidemiological studies have a different set of theoretical problems 
(e.g. dose misclassification; Annex 1, reference 199). 

Therefore, the Committee concluded that model estimates cannot 
rely solely on empirical guidance on performing dose–response analyses and 
stressed the need to use toxicological knowledge, weight of evidence and other 
information. Curve fitting, such as benchmark dose modelling, fulfils one key 
aspect of such an evaluation – it ensures that the dose is “associated” with an effect. 
As all models are approximations, fitting the data does not necessarily make the 
model’s estimate plausible. The curve-fitting process must be scrutinized with 
other criteria based upon biological considerations. These considerations come 
under the headings of plausibility and analogy (5): 

 ■ Plausibility. Quantitative dose–response analysis is rooted in 
biochemistry. Although absorption, distribution, metabolism and 
excretion make toxicological interactions more complicated than 
biochemical interactions in vitro, the combination of such interactions 
in a living organism should still bear some resemblance to the first- 
and second-order kinetics suggested by biochemistry. As first-order 
interactions are approximately linear at low doses and second-order 
interactions are sublinear at low doses, it is reasonable to suppose that 
toxicological effects may exhibit dose–response relationships that are 
linear, highly sublinear (i.e. threshold-like) or anywhere in between. 
Mathematical models that demonstrate supralinearity at low doses 
are not toxicologically plausible and should be used with caution. 

 ■ Analogy. Even if the shape of a dose–response relationship is not well 
characterized, experience should inform the modelling decisions. In 
particular, a reasonable approach would assume that it would be rare 
to observe a completely different dose–response relationship than 
previously observed, and caution should be taken when extrapolating 
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risk from such models. This reasoning is by analogy: one uses past 
experience analogically to guide the decisions in a similar situation. 

Supralinearity in benchmark dose estimation
When dose–response curves are fitted to data, the benchmark dose (BMD) as 
well as its corresponding lower 95% confidence limit or lower bound (BMDL) are 
computed from these curves, which are based upon a prespecified excess risk value 
– the benchmark response (BMR). In many situations, the dose–response curve 
appears supralinear at the doses tested, and models that support supralinearity 
may describe the data better than models that do not support supralinear dose–
response data. One reason is that the set of models available on modelling 
software allows for both sublinearity and supralinearity. The Committee agreed 
that these models should not be dismissed for statistical reasons but should be 
evaluated based upon biological plausibility; in many situations, these models 
can be used to estimate the BMD. For illustrative purposes, Fig. 1 describes  such 
a situation. The fitted dose–response curve (solid line) and corresponding BMD 
appear reasonable; however, the dose–response curve that is used to calculate the 
BMDL (dashed line) is clearly unreasonable, as it is essentially vertical at doses 
corresponding to risk around the BMR (i.e. the slope is infinite at zero). In such 
a situation, the model should not be used. 

It is sometimes the case that the estimate of the BMDL is unreasonable 
given other considerations; for example, the BMDL may imply that exposure 
to only a few molecules of a chemical could increase risk by 10%. A check for 
supralinearity is to estimate the BMD and the BMDL at BMRs above and below 
the BMR chosen a priori. If the resultant BMDs and BMDLs are approximately 
located in the linear or sublinear range along the levels tested, the values can 
be used without objection. If there is a strong pattern of supralinearity, the 
model may be dismissed as not biologically appropriate. Fig. 2 shows such a 
plot, where the left panel describes three BMDLs computed at BMRs of 5%, 10% 
and 20%, and the estimates appear to be on a line. The right panel describes the 
same circumstance, but there is a large deviation above the line, which indicates 
supralinearity. In this case, toxicological evidence for that estimate should be 
investigated, and the estimate should be dismissed if it is found to be biologically 
implausible.

General approaches for identifying a BMDL
Restricted models only
This technique uses models with the default parameter constraints provided with 
the United States Environmental Protection Agency’s (USEPA) benchmark dose 
modelling software (BMDS). The lowest resulting BMDL is then typically selected 
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Fig. 1
Plot of a hypothetical dose–response curve (solid line) and its corresponding 95% upper 
bound, dashed line. The vertical lines represent the benchmark dose (BMD) and 
benchmark dose lower bound (BMDL). Here, the fitted dose–response curve 
appears reasonable, but the upper-bound curve, which defines the lower bound 
of the BMD (BMDL), is biologically unreasonable. 

Fig. 2
Comparison of the benchmark dose lower bound (BMDL) computed across different BMRs  
for a model that is linear (left panel) and supralinear (right panel)
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as the point of departure. This is the methodology used for past JECFA evaluations 
for acrylamide, arsenic (Annex 1, reference 199), fumonisins and cyanogenic 
glycosides (Annex 1, reference 205). This method avoids supralinearity, but 
can result in significantly poorer model fits for some data sets. Additionally, the 
statistical coverage of this method may be anti-conservative – that is, the BMDL 
is higher than the true BMD at a rate greater than the confidence limit specified 
(type I error). 

Unrestricted models only
This technique uses models without constraints and also selects the lowest resulting 
BMDL for identifying a point of departure. This methodology was recently used 
by JECFA for deoxynivalenol (Annex 1, reference 205) and by the European Food 
Safety Authority (EFSA) (6) for 3-monochloro-1,2-propanediol (3-MCPD) and 
other compounds. Although this methodology may avoid the statistical pitfalls 
of constrained models, as it allows supralinear models, implausible BMDLs may 
result from its use.

Model averaging
Model averaging is a method that averages constituent dose–response models. As 
shown by several authors (7–10), it often avoids all of the problems listed above. 
Such estimates are often less sensitive to supralinear effects (11, 12) and more 
reliable statistically. Although there is no current JECFA guidance regarding 
the use of model averaging, it is a useful adjunct to the other methods when 
computing the BMDL. 

Approach taken at current meeting
The Committee used the restricted models to identify the point of departure and 
also applied the other two methods for comparative purposes.

Recommendations
Reiterating the recommendations of the seventy-second meeting of JECFA 
(Annex 1, reference 199), the current Committee recommends that the JECFA 
Secretariat establish an expert working group to develop detailed guidance for 
the application of the methods most suitable to the work of the Committee. The 
working group should, inter alia, address the following aspects:

 ■ the use of constraints when fitting models that allow for restrictions 
on the slope and/or power parameters modelling (i.e. the use of 
restricted versus unrestricted models);

 ■ models to be used from the standard BMDS suite; 
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 ■ the use of model averaging, including selection of weights;
 ■ the use of non-parametric methods as an alternative for dose–

response risk assessment; 
 ■ the use of biological information for the selection and specification of 

models for dose–response; 
 ■ transparent presentation of modelling outcomes in JECFA 

publications;
 ■ review of developments in the USEPA BMDS software.

2.1.2  Handling non-detected or non-quantified analytical results for food 
chemicals 

At the current meeting, the Committee discussed two general issues in relation 
to non-detected or non-quantified analytical results: (1) the handling of a high 
percentage of left-censored occurrence data (i.e. those analytical results less than 
the limit of detection [LOD] or limit of quantification [LOQ]), and (2) dealing 
with different LODs or LOQs in the same data set for individual chemicals or for 
a group of chemicals (e.g. aflatoxins or fumonisins). The number of uncensored 
contaminant data points also needs to be considered. Combination of these 
parameters can lead to very different results, both in the mean occurrence values 
derived and in the estimates of dietary exposure. These results will then affect the 
assessment of risk in relation to the health-based guidance value (e.g. provisional 
maximum tolerable daily intake [PMTDI], acceptable daily intake [ADI]) or 
point of departure (e.g. no-observed-adverse-effect level [NOAEL], BMDL). 
Therefore, how to deal with all of these issues needs careful consideration and 
consistent approaches for risk assessment purposes, and updating of EHC 240 
(2) as needed. 

The issue of a high proportion of left-censored data was discussed at 
the meeting during the evaluations of two mycotoxins, 4,15-diacetoxyscirpenol 
(4,15-DAS) and sterigmatocystin, for which the percentages of left-censored 
data were over 90%. These discussions raised the need to review the current 
practices used by the Committee on handling left-censored data and to provide 
the Committee with clear recommendations on how to deal with such situations 
in its evaluations.

The Committee discussed a proposal but, owing to the importance of 
this topic, decided that further considerations were required. These discussions 
will be continued after the meeting through a working group. 
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General considerations

2.2  Update on activities relevant to JECFA 
The Committee was provided with an update of work in the WHO International 
Programme on Chemical Safety (IPCS). The chemical risk assessment network 
and its activities were described, including the work on a review of how chemical-
specific adjustment factors (CSAFs) are being used in regulatory and non-
regulatory risk assessments.

The recent EFSA/WHO report proposing a revised threshold of 
toxicological concern (TTC) decision-tree was presented to the Committee for 
future consideration when evaluating compounds with limited toxicological data 
and low estimated exposures (13).

The Secretariat informed the Committee that guidance on the 
interpretation and evaluation of genotoxicity studies will be developed and 
presented at a future meeting.
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3. Contaminants2

3.1 Aflatoxins
Explanation
Aspergillus flavus is a fungus that was first recognized to cause aflatoxicosis in 
domestic animals and is the most important aflatoxin-producing species in food 
on a global basis. It produces aflatoxin B1 (AFB1) and aflatoxin B2 (AFB2) and 
affects many commodities, but most human exposure comes from contaminated 
corn (also referred to as maize), peanuts (also referred to as groundnuts) and 
rice. Another important producer of aflatoxin, A. parasiticus, produces AFB1, 
AFB2, aflatoxin G1 (AFG1) and aflatoxin G2 (AFG2) and is primarily associated 
with peanuts in the Americas, but can also occur on corn, figs and pistachios 
(1). Of these four aflatoxins, AFB1 is most frequently present in contaminated 
samples; AFB2, AFG1 and AFG2 are generally not reported in the absence of 
AFB1. Aflatoxin M1 (AFM1) is the hydroxylated metabolite of AFB1; in areas of 
high aflatoxin exposure, humans are exposed to AFM1 more or less exclusively 
through milk and milk products, including breast milk (2) (Fig. 3). 

Fig. 3 
Chemical structures of key aflatoxins

2  Numbered references cited in the subsections of section 3 are provided at the end of each subsection.
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 Most of the available toxicological data relate to AFB1. However, 
information regarding the relative potency of aflatoxin congeners is available 
from bacterial mutagenicity and hepatocarcinogenic effects in the rainbow 
trout and rats, in the order of AFB1 > (AFG1, AFM1) >> (AFB2, AFG2) (3, 4). 
The apparent order of mutagenic and carcinogenic activity is in accord with the 
presence (AFB1, AFM1 and AFG1) and absence (AFB2 and AFG2) of a chemically 
reactive double bond that can be converted metabolically to a DNA-reactive 
epoxide (5). Based on these biosynthetic, structural and toxicological properties, 
this evaluation focused primarily on the toxicity of AFB1 and the exposure to 
AFB1 and total aflatoxins (AFT). 

Aflatoxins were previously evaluated by JECFA at its thirty-first, forty-
sixth, forty-ninth, fifty-sixth and sixty-eighth meetings (Annex 1, references 77, 
122, 131, 152 and 187). At the thirty-first meeting, the Committee considered 
aflatoxins to be a potential human carcinogen and urged that dietary exposure to 
aflatoxins be reduced to the lowest practicable levels, so as to reduce the potential 
risk as far as possible. At its forty-sixth meeting (1997, no monograph prepared), 
the Committee considered estimates of the carcinogenic potency of aflatoxins 
and the potential risk associated with their intake and recommended a detailed 
assessment. This detailed assessment was undertaken at the forty-ninth meeting 
(1999), when the Committee provided potency estimates for human liver cancer 
resulting from AFB1 exposure, taking hepatitis B virus surface antigen (HBsAg) 
status into account. The effects of applying hypothetical maximum levels (MLs) 
of AFT (10 and 20 µg/kg) for contamination in maize and groundnuts were also 
analysed, and the Committee concluded that reducing the ML from 20 to 10 µg/
kg is unlikely to result in detectable differences in population cancer risks. For 
populations with a high prevalence of HBsAg+ individuals and high mean intake 
of aflatoxins, population health would benefit from reductions in aflatoxin intake. 
At its fifty-sixth meeting (2002), the Committee evaluated the impact of different 
MLs for AFM1 in milk, and at the sixty-eighth meeting (2007), the Committee 
evaluated the impact of different hypothetical MLs for tree nuts and dried figs.
 The Committee updated the aflatoxin risk assessment at the current 
meeting at the request of CCCF. The toxicological review made use of the literature 
in three International Agency for Research on Cancer (IARC) publications (6–8), 
a review by Eaton et al. (9), a review of the global burden for aflatoxin-induced 
liver cancer (10) and a recent IARC publication on aflatoxin and child health (11). 
Key references from these publications and the monograph from the forty-ninth 
meeting of JECFA were collected, and searches of the more recent literature (1999 
to present) were conducted on PubMed, SciFinder (ACS-PubMed) and/or Web 
of Science (ISI). In addition, where needed and if possible, important raw data 
were solicited from the authors of key publications or unpublished reports. The 
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literature search on the occurrence of and dietary exposure to aflatoxins was run 
using three databases (Scopus, PubMed and Ovid) and a cut-off date of 2007.

Biochemical aspects 
The Committee at the forty-ninth meeting of JECFA (Annex 1, reference 131) 
considered that the carcinogenicity of aflatoxins was due to metabolic activation 
to a reactive epoxide and that species differences in metabolism were responsible 
for different susceptibilities of animals to the toxic effects of exposure to aflatoxins. 

A substantial body of additional evidence from subsequent studies that 
was reviewed by the current Committee adds to the chemical and metabolic 
determinants for toxicity. The toxicity of aflatoxins stems from the presence of 
an oxidizable 8,9-double bond in AFB1 and AFG1. The action of many hepatic 
cytochrome P450 (CYP) isoforms on AFB1 produces the highly reactive metabolite 
AFB1-8,9-exo-epoxide, which reacts readily with critical biological nucleophiles, 
such as DNA and proteins, that can initiate toxic sequelae (9). The reaction of 
AFB1-8,9-exo-epoxide at the N7-position of guanine residues in DNA produces 
persistent lesions (12). Concomitantly, deactivation of AFB1-8,9-exo-epoxide 
can occur by other pathways, including hydrolysis, enzyme-mediated reactions 
with glutathione and conjugation with glucuronic acid and sulfate by uridine 
diphosphate-glucuronosyltransferases (UGTs) and sulfotransferases (SULTs), 
respectively, that enhance excretion (9). Some CYP isoforms directly detoxify 
AFB1 through oxidation reactions to produce metabolites, including aflatoxin Q1, 
AFM1, aflatoxin P1 and AFB1-8,9-endo-epoxide (13). Hydrolysis of either the exo- 
or endo-epoxide produces AFB-diol, which reacts with lysine residues on serum 
albumin to form adducts that have proven to be valuable biomarkers of exposure 
to AFB1 (5). AFB1 and its metabolites, with and without phase II conjugation, 
are eliminated from the body by excretion in the urine and faeces, and AFM1 is 
excreted via lactation (9). 

Detoxification of AFB1-8,9-exo-epoxide by the glutathione S-transferase 
(GST) isoforms present in the liver appears central to the interspecies differences 
in susceptibility to AFB1 toxicity, in which mice are relatively resistant and rats 
and trout are highly susceptible. A constitutively expressed alpha-class GST with 
high activity for the detoxification of AFB1-8,9-exo-epoxide is present in mouse 
liver; in contrast, rats, trout and humans possess much lower hepatic GST activity 
towards AFB1-8,9-exo-epoxide, whereas monkeys are intermediate (9). 

Measurements of levels of AFB1 bound to serum albumin, its metabolites 
in urine and faeces, and its DNA adducts provide a wealth of information related 
to the balance of activation and detoxification that best correlates AFB1 exposure 
with susceptibility to toxic effects. Interindividual variability in human subjects 
is apparently due to enzyme polymorphisms for the activation and detoxification 
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of AFB1 catalysed by CYP isoforms and detoxification of AFB1-8,9-exo-epoxide 
catalysed by GST isoforms (9). 

Toxicological studies
The Committee at its forty-ninth meeting (Annex 1, reference 131) considered 
substantial evidence that aflatoxins caused liver damage and hepatocarcinogenicity 
in laboratory rodents. In particular, the high susceptibility of male F344 rats to 
the carcinogenic effect of AFB1 was noted. 

A substantial body of additional toxicological evidence from subsequent 
studies was reviewed by the current Committee to update the risk assessment. The 
carcinogenic effects of AFB1 in male F344 rats were quantified through a lifetime 
dietary study in which concentrations as low as 1 µg/kg produced liver tumours 
(14). Similarly sensitive were rainbow trout, in which dietary administration 
of AFB1 at 0.8 µg/kg produced a hepatocarcinogenic effect after 20 months. 
Large-scale studies designed to test the ED001 response (effective dose for a 0.1% 
increase in tumour incidence) to AFB1 were conducted in trout using dietary 
concentrations of 0.05–110 µg/kg over a 4-week exposure period with 1-year 
termination (15). Trout tumorigenesis data showed no indication of deviation 
from a log-linear dose–tumorigenic response relationship. A log-linear low-dose 
relationship was also observed between AFB1 dose and formation of DNA adducts 
in the trout (16) and rat liver (17–19). This low-dose log-linearity of tumour 
responses is presumably a consequence of the very low constitutive hepatic GST 
activity towards AFB1 epoxide in these species (20, 21). The demonstration of such 
a relationship that includes doses approaching human exposure levels is rare, but 
important for a genotoxic carcinogen like AFB1, as it tends to validate the linear, 
no-threshold approach to AFB1 cancer risk assessment. The commonality of 
critical metabolic processes across mammalian species linked effects and potency 
in controlled dosing studies in experimental animals with those in humans and 
provided avenues for molecular epidemiological approaches to study the role 
of aflatoxin exposure in human liver cancer (9, 22). Formation of the AFB1–N7-
guanine DNA adduct leads to the most common AFB1-associated mutation, the 
GC → AT transversion (12). The predominance of a specific mutational hotspot 
in human hepatocellular carcinoma was identified, even though animal models 
do not recapitulate this event (23). 

As no new data on AFM1 carcinogenicity were available, the approximate 
potency for carcinogenicity of an order of magnitude lower relative to AFB1 (16), 
as estimated at the forty-ninth meeting of JECFA, was maintained.
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Observations in domestic animals/veterinary toxicology
The Committee at the forty-ninth meeting of JECFA (Annex 1, reference 131) 
did not specifically consider the toxicity of aflatoxins in livestock. The current 
Committee evaluated information on the effects of aflatoxins on domestic animal 
health and productivity in cattle, poultry and swine genotypes used in North 
America and Western Europe. AFB1 causes a variety of adverse effects in different 
animal species, especially chickens. In poultry, these effects include liver damage, 
impaired productivity and reproductive efficiency, decreased egg production, 
inferior eggshell quality, inferior carcass quality and increased susceptibility to 
disease. Swine are also highly affected by aflatoxin, with the chronic effects largely 
attributable to liver damage (24). In cattle, the primary symptoms are reduced 
weight gain as well as liver and kidney damage; milk production is also reduced 
(8). In many developing countries where aflatoxins are a chronic problem, the 
poorest quality grain may be used for animal feed. An indication of this is the 
common occurrence of AFM1 in milk (e.g. (25)). In Africa, these impacts are 
likely to be substantial in poultry and cattle (26).

Observations in humans
Epidemiological assessment of aflatoxin exposure and its association with human 
health end-points typically utilizes biomarkers. During the previous JECFA 
evaluation, the Committee identified the AFB1–albumin (alb) biomarker as 
relating linearly to dietary AFB1 exposure, but noted that key issues related to its 
use as an indicator of hepatocellular carcinoma risk were as follows: (1) the linear 
relationship between dietary exposure and AFB1–alb level was examined only in 
populations with high exposure; (2) there is a lack of evidence of a correlation 
between levels of AFB1–alb and liver AFB1–DNA adducts; (3) the relationship 
between AFB1–alb level and the genetic consequences of exposure on metabolism 
remained to be determined; and (4) the interactions between aflatoxins and 
other major risk factors, such as hepatitis B virus (HBV) and hepatitis C virus 
(HCV) infection, were not understood. During the current JECFA meeting, 
the Committee noted that some of these issues still remain. Differences in 
metabolism and AFB1–alb levels due to genetic consequences from continued 
high exposure and/or HBV and HCV infection remain to be determined. A study 
in a human cohort (n = 39) demonstrated a linear association between AFB1–
alb levels and levels of liver AFB1–DNA adducts (27). Since the previous JECFA 
evaluation of aflatoxins, the analytical methodology for detection of AFB1–alb 
biomarkers has been refined to allow the detection of a more specific component 
of the AFB1–alb adducts (AFB1–lysine [lys]). Although the levels of AFB1–alb 
and AFB1–lys biomarkers have generally been recognized to be correlated, the 
AFB1–lys biomarker is more specific, and typically its levels are a factor of 2.6 
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lower than those for the AFB1–alb biomarker (28, 29). The differences between 
these two adducts should be considered when comparing studies.
 The p53 249ser DNA mutation has been identified as a potential biomarker 
of effect for aflatoxin-induced hepatocellular carcinoma (30). Although the 
presence of a p53 249ser mutation in hepatocellular carcinoma is often associated 
with aflatoxin exposure, there is still no evidence for causality, and the presence 
of HBsAg appears to be an important aspect for development of this mutation 
(31). Whether AFB1 causes these mutations or whether AFB1 leads to differential 
promotion of cells that acquire the mutation in human populations remains 
unclear. The development of chronic aflatoxin exposure biomarkers and validated 
effect biomarkers would contribute to a better understanding of the global risk 
from exposure. 

The Committee at the forty-ninth meeting of JECFA (Annex 1, reference 
131) evaluated a large body of epidemiological literature on the incidence of 
primary liver cancer, especially in the developing world, noting that a major 
disease determinant was the co-exposure to hepatitis viruses, especially HBV, 
which can significantly enhance risks from aflatoxin exposures. Aflatoxin effects 
that had been observed in humans include acute aflatoxicosis, growth stunting, 
immunotoxicity and development of hepatocellular carcinoma. 

Since the previous JECFA evaluation, there have been significant 
contributions made to the literature in the area of epidemiology and aflatoxin 
exposure. Historical outbreaks of acute liver failure (jaundice, lethargy, nausea, 
death), identified as aflatoxicosis, have been observed in human populations 
since the 1960s. Identification of aflatoxins in primary food staples (e.g. maize 
and peanuts) that were associated with onset of disease was documented in 
incidents from India and Kenya (32–35). The Committee noted that there were 
deaths attributed to aflatoxins in the United Republic of Tanzania during the 
summer of 2016 (36), but dietary exposure data were not available at the time of 
the meeting. Reports that evaluated past outbreaks of aflatoxicosis have estimated 
acutely toxic and potentially lethal AFB1 doses in humans to be between 20 and 
120 μg/kg body weight (bw) per day when consumed over a period of 1–3 weeks 
(37, 38); the consumption of staple food containing aflatoxin concentrations of 1 
mg/kg or higher has also been suspected to cause acute aflatoxicosis (e.g. (39)). 

Growth suppression has historically been considered an important health 
end-point for aflatoxins in animal models, with prenatal and postnatal exposure 
potentially eliciting adverse effects. Growth suppression in humans in cross-
sectional and prospective studies in sub-Saharan Africa has been observed, with 
significant associations between aflatoxin exposure and lower WHO-calculated 
z-scores (primarily height-for-age) (40–44). However, there were no associations 
found between aflatoxin exposure and child z-scores in populations from Nepal 
(45) and the United Republic of Tanzania (46). Prenatal studies indicated that 
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a decrease in a mother’s exposure biomarker (AFB1–alb) from 110 to 10 pg/mg 
albumin was associated with an increase of 2 cm in height and a weight increase 
of 800 g in infants at 52 weeks of age (44). A number of mechanisms have been 
proposed for the effect of aflatoxin on growth, including immune dysfunction 
leading to increased risk of infections and energy loss, changes in intestinal 
integrity leading to poor nutrient absorption, disruption of the microbiome and 
altered expression of the insulin-like growth factor (IGF) axis (11). Castelino et 
al. (47) indicated, in a child cohort from Kenya, an inverse relationship of both 
insulin-like growth factor 1 (IGF1) and IGF binding protein 3 (IGFBP3) with 
AFB1–alb levels. The decreased levels of IGF1 may occur from in utero exposure 
and DNA hypermethylation of CpG (5′–C–phosphate–G–3′) sites for the IGF1 
gene (48).

The data from human studies suggest a negative effect of aflatoxins on 
child growth; however, causality has yet to be determined. Those populations 
most affected with child growth faltering and chronic aflatoxin exposure are 
exposed to a number of other etiological risk factors, such as low socioeconomic 
status, chronic diarrhoea, infectious disease and malnutrition. There are currently 
no epidemiological studies that factor all of these potential risk factors into their 
statistical analysis; thus, many of the studies may be overestimating the impact 
of aflatoxins on growth. The proposed modes of action would indicate that 
aflatoxin exposure could be the primary agent, because it could negatively affect 
the immune system and/or intestinal integrity, which in turn would influence 
the rates of diarrhoeal and infectious disease as well as nutrient uptake. The 
association between aflatoxin exposure and either impaired immune system 
function or intestinal integrity in human populations has yet to be determined. In 
fact, although a few studies have reported negative associations between aflatoxin 
exposure and certain measures of immunological function, other studies have 
failed to detect such negative associations (43, 48, 49). 

The Committee at the forty-ninth meeting (Annex 1, reference 
131) identified and described several important aflatoxin and hepatocellular 
carcinoma–related epidemiological studies, including the 1989 study by Yeh 
et al. (50). This prospective study, which was conducted in a large cohort (n = 
7917) from China, collected dietary aflatoxin exposure data over a 6-year period 
and demonstrated a statistically significant, almost perfectly linear relationship 
between aflatoxin exposure and hepatocellular carcinoma mortality, independent 
of HBV infection (50). This study does have limitations, which were described 
by the Committee at the forty-ninth meeting, but was ultimately determined to 
be the most reliable data set with which to calculate aflatoxin potency estimates 
(Annex 1, reference 131). 
 The majority of epidemiological studies that have been conducted since 
the last JECFA evaluation on aflatoxins have demonstrated a positive association 
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between aflatoxin biomarkers and hepatocellular carcinoma; some studies indicate 
that aflatoxin exposure poses a significant risk only in the presence of other risk 
factors, such as HBV infection. Dietary changes in a historically hepatocellular 
carcinoma–endemic population led to decreases in aflatoxin exposure and 
were associated with a marked decrease in hepatocellular carcinoma incidence, 
independent of HBV (51). Worldwide population-attributable risk for aflatoxin-
related hepatocellular carcinoma has been calculated by Liu & Wu (10), with aflatoxin 
alone (no HBV) playing a causative role in 4.6–28.2% of global hepatocellular 
carcinoma cases. The WHO report entitled Global Burden of Foodborne Disease 
estimated global foodborne aflatoxin disease incidence, mortality and disease 
burden; aflatoxin was associated with global disease (hepatocellular carcinoma) 
incidence (8967–56  776 cases per year) following adjustments to account for 
synergism between HBV and aflatoxin (52). The majority of uncontrolled aflatoxin 
exposure worldwide remains in those populations most at risk for chronic HBV 
prevalence.

Reports of case–control and cohort studies from China (including the 
Province of Taiwan) and Africa have reported relative risk values for aflatoxin-
induced hepatocellular carcinoma in the range of 0.3–17.4 for aflatoxin exposure 
alone. These values are increased in the combined relative risk for HBV and 
aflatoxins to 1.57–70.0 (53–60). Meta-analysis of the available data indicated a 
multiplicative interaction of aflatoxins and HBV infection for the development of 
hepatocellular carcinoma (61). 

The majority of epidemiological studies focused on evaluation of 
aflatoxin exposure and hepatocellular carcinoma incidence utilizing the AFB1–
alb biomarker, which limits their usefulness in development of a dose–response 
relationship. The serum AFB1–alb biomarker has a relatively short half-life (~30 
days), which creates some uncertainty in risk assessment of a lifetime health end-
point, such as liver cancer. Additionally, the metabolism of this biomarker can 
be influenced by genetic differences (30, 62–65) and probably dietary exposure 
(22, 66), leading to high variation within populations. Thus, the association of 
chronic dietary exposure to aflatoxins with hepatocellular carcinoma is difficult 
to estimate using biomarkers, because short-term biomarkers are limited in their 
ability to establish a causal relationship in the etiology of diseases with extended 
latencies. 

Analytical methods 
Aflatoxins are mycotoxins of major importance; therefore, techniques for their 
detection and analysis have been extensively researched to develop those that 
are highly specific, useful and practical. Many of the techniques that have been 
developed are applicable to different and specific situations, so a fit-for-purpose 
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approach needs to be considered in selecting the method for use in a particular 
instance. The natural or induced fluorescence of aflatoxins aids in their detection, 
such as in the original thin-layer chromatographic (TLC) method, which is 
still applicable when combined with scanner instrumentation. However, high-
performance liquid chromatography (HPLC), in combination with fluorescence 
detection or, more recently, with mass spectrometry (MS), is the most widely 
applied technique for quantitative analysis. For field (non-laboratory) 
measurements, the method should be rapid, portable, reproducible and capable 
of being performed by non-scientific personnel (67). As Shephard (68) stated, 
“The need for analytical determination of aflatoxins has resulted in a plethora 
of methods to meet a range of analytical requirements by various analysts, from 
regulatory control in official laboratories (such as HPLC-MS) to rapid test kits for 
factories and grain silos (such as ELISA [enzyme-linked immunosorbent assay])”. 
The rapid methods generally involve the use of aflatoxin-specific antibodies, 
specific for AFB1 or for AFT (based on cross-reactivity of the antibody for all B 
and G aflatoxins).
 The analytical methods used for aflatoxins (reviewed in (69–71)) cover 
a wide spectrum of analytical science and can be generally divided into (1) 
quantitative methods (TLC combined with scanner; HPLC, HPLC-MS, liquid 
chromatography with MS or tandem MS [LC-MS or LC-MS/MS]; capillary 
electrophoresis); (2) semiquantitative methods (ELISA; lateral flow tests; direct 
fluorescence; fluorescence polarization immunoassay; biosensors); (3) indirect 
methods (spectroscopy); and (4) emerging technologies (hyperspectral imaging; 
electronic nose; aptamer-based biosensors; molecularly imprinted polymers). 
 Numerous methods have been published in the scientific literature for 
specific purposes, but they may not be validated and therefore may not be applied 
in practice; these are not further discussed here. Trucksess & Zhang (72) argued 
that for analytical methods to be practical, they should meet the basic guideline 
of reproducibility in different laboratory settings. Several standard development 
organizations have issued stringent guidelines on accuracy, precision, selectivity, 
LOD, LOQ, linearity, range, uncertainty and ruggedness as criteria for acceptance 
of quantitative analytical methods. For screening methods or qualitative methods 
for mycotoxins, the most commonly applied acceptability criteria include (1) 
false-negative rates of less than 5% for analytical results at target level; (2) false-
positive rates of less than 10–15% at target level; (3) a known threshold (cut-off) 
level for an intended matrix; and (4) a confirmation method for positive results 
(against a validated reference method) (72).
 There is a need to develop rapid, low-cost, low-technology, accurate 
detection methods for aflatoxins to improve surveillance and control in rural 
areas. Shephard (69) indicated that sampling remains a problem in many 
developing countries because subsistence farmers in these countries do not 
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produce enough grain to spare the quantities needed for testing. However, 
organizations such as the Partnership for Aflatoxin Control in Africa and the 
World Food Programme are addressing these issues. For example, the World 
Food Programme has instituted the Purchase for Progress programme to 
ensure grain quality by creating the Blue Box, which contains test kits for grain 
quality, including aflatoxins (73, 74). 

Sampling protocols 
The inherent non-homogeneous nature of aflatoxin (and other mycotoxin) 
contamination in raw agricultural commodities continues to present a major 
challenge to the obtaining of representative samples. The challenge continues to 
be addressed by the adoption of sampling protocols. In particular, for peanuts 
(groundnuts), protocols have been developed by the Codex Alimentarius 
Commission (75, 76) and by the European Commission (77, 78) and form the basis 
for the Origin Certificate Program of the United States of America (USA) (79). 
More recently, the Codex Alimentarius Commission, in setting MLs for aflatoxins 
in peanuts, almonds, Brazil nuts, hazelnuts and pistachios intended for further 
processing and for ready-to-eat almonds, Brazil nuts, hazelnuts, pistachios and 
dried figs, has specified sampling protocols for regulatory purposes (80). As an 
aid to understanding and implementing appropriate sampling and subsampling 
protocols for mycotoxins in general, the Joint FAO/International Atomic Energy 
Agency (IAEA) Programme, Nuclear Techniques in Food and Agriculture, has 
published a manual (81), whereas two training videos have been produced (82, 83). 
In general, associated with each sampling protocol is an operating characteristics 
curve, which gives the statistical probability of acceptable lots being rejected and 
contaminated lots being accepted. These curves are specific to each mycotoxin/
commodity combination and can vary with the sampling parameters chosen. 
The statistical research from which these were derived is available in the public 
domain and consolidated as a “mycotoxin sampling tool” by FAO (84). Problems 
of representative sampling are most acute in addressing contamination in rural 
subsistence villages, where the necessary large samples are generally not available 
for food security reasons. Additionally, processing of the large sample weights 
can be challenging in a field setting.

Effects of processing 
In common with other mycotoxins, the milling of cereals does not destroy 
aflatoxins, but merely distributes them among the milling fractions or products. 
In general, those fractions intended for human food have reduced levels, whereas 
those intended for animal feed (e.g. the bran fraction) have elevated levels. 
Prior to milling, processes such as grain cleaning and separation are useful 
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management tools, potentially eliminating contaminated kernels and leading to 
a reduction of contaminant levels in the final milled product. In this regard, hand 
sorting is also a viable method in rural farms or in small-scale industrial food 
processors lacking sophisticated sorting machines. A number of publications 
have highlighted the reductions in contamination of cereal foods that can be 
achieved in rural settings using the common processes of sorting, winnowing, 
washing, crushing, dehulling and fermentation (either alone or when combined 
with steeping and cooking) (85–87).
 Unit operations such as heating, roasting and baking can reduce the 
levels of aflatoxins during the processing of foods, but complete elimination does 
not occur. The degree of elimination is variable and depends on the process and 
the conditions under which it is applied. For example, the decreases registered 
during extrusion processes are dependent on the design of extruder, moisture 
content of food, pressure applied and resulting temperatures.

Prevention and control 
Aflatoxin contamination of crops both preharvest and postharvest poses a 
serious health hazard as well as a significant economic burden from lack of sale of 
contaminated commodities. A reduction in risk will require an integrated systems 
approach that includes targeted agronomic cultural practices, biological control 
methods and enhancement of host plant resistance, coupled with postharvest 
technologies such as proper drying and storage of affected crop products, with 
the development of appropriate alternative uses to retain at least some economic 
value.
 Strategies for preharvest mitigation are designed to limit fungal 
invasion of crops by aflatoxigenic fungi and subsequent aflatoxin production. 
The strategies to minimize aflatoxin contamination in crops begin prior to 
planting (best management practices). Decisions must be made with respect to 
the selection of the cultivar to be planted, planting and harvesting dates, plant 
density, co-cropping and crop rotation, as well as soil treatments, irrigation and 
plant protection management (reviewed in (88–94)). The contribution of each 
of these practices may vary from geographic location to location. However, 
these practices are considered to have a significant effect on reducing aflatoxin 
contamination when practised together. 
 The use of microbes to control aflatoxins in food and feed has been 
extensively reviewed (95–98). Microbes such as bacteria and yeasts have been 
investigated for their ability to reduce toxin contamination. However, no 
commercial application of bacteria and yeast biocontrol products has been 
established. One strategy that has received significant attention for reduction 
of aflatoxins prior to harvest has been biological control using non-toxigenic 
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(atoxigenic) A. flavus isolates. Strains formulated into biological control products 
may be single isolate or multiple isolates to improve broader adaptability (99). 
This approach has been deployed on crops such as cotton, maize, peanuts, figs 
and pistachios in the USA, maize in Africa (11, 98) and peanuts in Australia 
(100), Argentina (101) and China (96). This strategy has also been used for 
maize in Thailand to measure the effectiveness of this treatment preharvest and 
postharvest; the results were promising, but inconsistent (102). Several factors 
have been identified that affect efficacy, such as available moisture for spore 
germination, too much moisture from rainfall, resulting in uneven distribution of 
the applied material, and time of application of the biocontrol formulation (103). 
The added cost of application also makes this strategy more suitable for areas 
routinely affected by chronic aflatoxin contamination because, to be effective, 
the application of the biocontrol formulation has to occur at early stages of crop 
development. The longer-term implications of the application of biocontrol 
formulations, such as the very low level of sexual recombination in restoring 
toxigenicity, adaptability of these applied strains under changing climatic 
conditions, the effect of such application on the microbiome or population 
biology of the field, and the potential for unsafe exposure to fungal inoculum (11, 
94, 104, 105), remain to be evaluated. 
 The most long-term, stable solution to control preharvest aflatoxin 
contamination is through enhancing the ability of the host crop to prevent fungal 
infection and/or the production of aflatoxins by the invading fungus. This can be 
achieved through either plant breeding or genetic engineering of crops of interest. 
However, these processes are laborious and extremely time consuming. Breeding 
efforts to obtain germplasm resistant to aflatoxin accumulation is particularly 
challenging because of strong environmental pressures on infection and 
aflatoxin production by A. flavus (reviewed in (106–110)). Additionally, finding 
resistant lines through traditional breeding is difficult because the phenotypic or 
agronomic characteristics that the breeder needs to look for are difficult to define. 
Moreover, it has been established that resistance is not conferred by a single gene 
and is a quantitative trait needing the combined effect of multiple genes (111). 
Plant breeding and varietal selection have provided significant maize and peanut 
genetic material demonstrating resistance to fungal invasion or toxin formation; 
however, commercial lines have yet to be marketed. Some of these lines are 
drought resistant and have shown reduced levels of aflatoxins. However, with the 
advent of new technologies such as genomics, proteomics and transcriptomics, 
the process of understanding and utilizing host–pathogen interactions has been 
significantly enhanced. Identification of markers to facilitate the transfer of 
resistance traits into desirable genetic backgrounds is essential for marker-assisted 
breeding. Marker genes or quantitative trait loci (QTL) of interest associated at 
high frequency with A. flavus or aflatoxin resistance due to genetic linkage (i.e. 
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close proximity on the chromosome of both traits – namely, the marker locus and 
the disease resistance–determining locus) have been identified for maize (110). In 
addition, resistance-associated proteins (RAPs) have been identified from maize 
using proteomic studies comparing susceptible and resistant germplasm (112). 
These RAPs have mapped to the resistance loci (QTL maps). Gene silencing, using 
genetic engineering (RNA interference), of five aflatoxin biosynthetic pathway 
genes in peanut plants was successful in controlling aflatoxin accumulation 
following inoculation with A. flavus in laboratory studies (113).
 The preharvest contamination of commodities with aflatoxins is generally 
limited to maize, cottonseed, peanuts and tree nuts. In contrast, postharvest 
contamination can be found in a variety of other agricultural crops, such as coffee, 
rice and spices. This contamination during storage can be influenced by factors 
such as moisture, temperature, mechanical or insect damage to commodities, 
aeration and the level of fungal inoculum. Therefore, preventive measures against 
aflatoxin contamination postharvest must address these conditions. Additionally, 
other measures, such as chemical decontamination or use of enterosorbents, can 
be used to remove aflatoxins from already-contaminated commodities (114–
116).
 A number of research groups have attempted to correlate various 
environmental factors with the potential for A. flavus growth, and consequently 
aflatoxin production, in both preharvest and postharvest situations. “Predictive 
analytics” is an emerging discipline in which large volumes of climatic and 
agronomic data are mined for modelling to predict future outbreaks. In contrast 
to Fusarium head blight and deoxynivalenol, for which government and 
commercial predictive models are widely used by farmers in Canada and the 
USA, there are no commercially successful models available to predict aflatoxin 
contamination in any commodity. The reliability and predictive power of the 
results of successful models depend entirely on the quality and number of data 
points from farmers’ fields coupled with about a decade of field experience to 
refine the model. A number of models for predicting aflatoxin contamination in 
both field and storage conditions have been developed (reviewed in (117, 118)), 
with relatively high correlation (up to 0.8). Model prediction will never be 100% 
accurate, especially for predicting aflatoxin contamination, because there are 
too many factors, other than environmental factors, that significantly influence 
this contamination at harvest or during storage. The availability of accurate and 
detailed information on the factors that affect aflatoxin contamination will enable 
researchers to improve model performance in the future.
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Levels and patterns of contamination in food commodities 
The evaluation of the occurrence of aflatoxins was restricted to AFB1 and AFT 
and to those human foods most likely to be contaminated (cereals, nuts and 
spices). The presence of the hydroxylated metabolite AFM1 in milk, both human 
and dairy, was also considered. The open literature contains results of a large 
number of surveys for these contaminants. The methods employed in these 
papers (mostly HPLC as opposed to traditional TLC or ELISA) were of generally 
sufficient sensitivity (low LOD/LOQ) to measure low microgram per kilogram 
levels. A factor in assessing the results of open literature surveys is the problem 
that not all authors make it clear whether the mean values they report are for 
positive samples only or for all samples, thus complicating the assessment. Of 
the studies in cereals, most work was reported for wheat, maize and rice, whereas 
barley, oats and sorghum received little attention. Generally, it was noted that 
surveys in developing countries showed higher contaminant levels compared 
with reports from developed countries. A similar pattern emerged for nuts, 
particularly peanuts, in which extremely high contamination was reported 
in markets of developing countries. Of the range of spices investigated, chilli 
had both the highest contamination prevalence (up to 100%) and the highest 
contaminant levels. Surveys of dairy milk and its processed products followed 
the same geographic pattern, with a number of samples reported above the ML 
(0.5 µg/kg) set by the Codex Alimentarius Commission (119). AFM1 in human 
milk is a more complex issue, in that it occurs as a consequence of maternal 
exposure to AFB1. This exposure is minimal in developed countries, but can be 
problematic in rural subsistence farming areas of developing countries. 
 With respect to the Global Environment Monitoring System – Food 
Contamination Monitoring and Assessment Programme (GEMS/Food) 
contaminants database, there was little information on the occurrence of 
aflatoxins in food from developing countries. In examining entries in the database, 
it was found that certain data were unreliable, in that some contaminant values 
had clearly been incorrectly captured (or entered). Further, the wide range of 
LOD/LOQ values reported made any assessment of per cent positive samples 
difficult. Also, in cases where the number of samples was relatively small, a few 
large outliers could heavily influence the calculation of the mean. The nature of 
the database precludes any conclusions on these contaminated samples and what 
they represent in terms of sampling for compliance, survey or importation. The 
level of testing clearly relates to the importance of the commodity in trade and 
the potential for Aspergillus infection and consequent aflatoxin contamination.
 The only transfer from feed to food that is a concern for food safety is 
that of the hydroxylated AFB1 metabolite, AFM1, secreted in milk. Although 
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transfer can also occur in eggs and liver, the relative levels with respect to feed 
contamination are low (120).

Food consumption and dietary exposure assessment 
Since the previous evaluation by JECFA, a number of national estimates of dietary 
exposure have been published. The Committee considered evaluations by Africa 
(various countries), Argentina, Brazil, China, Egypt, France, Greece, Ireland, 
Islamic Republic of Iran, Japan, Kenya, Lebanon, Malaysia, Mexico, Morocco, 
the Netherlands, New Zealand, Pakistan, Portugal, the Republic of Korea, Serbia, 
Spain, Sri Lanka, Tunisia, Turkey and the United Republic of Tanzania. These 
reports include dietary exposure assessments for AFT (27 studies), AFB1 (29 
studies), AFB2 (six studies), AFG1 (five studies), AFG2 (five studies) and AFM1 
(19 studies). Studies varied in the range of foods included. 

Mean AFT dietary exposures in developed countries are generally less 
than 1 ng/kg bw per day, even at high exposure percentiles (e.g. 95th). Dietary 
exposure estimates for AFT for some sub-Saharan African countries exceed 100 
ng/kg bw per day. However, it should be noted that these estimates are often 
based on very minimal data. AFB1 dietary exposure estimates also indicate 
differences between developed and developing countries, with dietary exposures 
in developed countries usually less than 1 ng/kg bw per day, even at high exposure 
percentiles (e.g. 95th). Mean estimated AFB1 dietary exposures in developing 
countries range from less than 0.1 ng/kg bw per day to approximately 49 ng/kg 
bw per day, with dietary exposure in sub-Saharan African countries reported to 
be as high as 400 ng/kg bw per day.
 Estimates of dietary exposure to AFM1 rarely exceeded 1 ng/kg bw per day 
in any country. The exceptions were studies in Serbia and Egypt, which estimated 
dietary exposures up to 6.5 and 8.8 ng/kg bw per day for young children (1–5 
years) and breastfed infants, respectively (121, 122).
 The Committee prepared additional national estimates of dietary exposure 
based on food consumption information from the FAO/WHO Chronic Individual 
Food Consumption Database – Summary statistics (CIFOCOss) and aflatoxin 
concentration data from the GEMS/Food contaminants database. Additional 
national estimates of dietary exposure were determined only for countries for 
which no national estimates of dietary exposure have been published since the 
previous assessment by the Committee. All mean estimates of dietary exposure to 
AFT or AFB1 were less than 10 ng/kg bw per day at the upper bound, with most 
less than 5 ng/kg bw per day. Mean estimates of dietary exposure to AFM1 were 
mostly less than 0.5 ng/kg bw per day, except for estimates for Bulgaria (infants, 
toddlers and other children), with upper-bound dietary exposure estimates up to 
2.5 ng/kg bw per day.
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The Committee prepared updated international estimates using the 
food consumption from the GEMS/Food cluster diets. Individual data points 
on the concentration of the contaminant (AFT, AFB1 and AFM1) in foods from 
each cluster were pooled to derive summary representative concentrations for 
each cluster for use in the dietary exposure calculations. For each commodity, 
when concentration data were not available for a cluster, the global total lower- 
bound (LB) and upper-bound (UB) means, obtained by pooling the data across 
all clusters, were used to assess exposure. It should be noted that no data were 
available from clusters G01–G04, G12, G14 or G16, including mainly African, 
Middle Eastern and Central Asian countries and island states from the Pacific 
and Indian oceans and the Caribbean. Cluster G05 (mainly South and Central 
American countries) provided data only on peanuts, cluster G13 (mainly African 
countries) provided data only on rice and sorghum, and cluster G06 (mainly 
Middle Eastern countries) provided very limited data on pistachios and dairy 
products. A standard body weight of 60 kg was used to assess exposure per 
kilogram body weight. Exposures estimated are LB and UB mean exposures 
expressed in nanograms per kilogram body weight per day and are representative 
of chronic dietary exposure. Estimates of dietary exposure for a high consumer 
were derived as twice the mean dietary exposure. It has been suggested that this 
is a good approximation to the 90th percentile of dietary exposure (123).

For the UB scenario, the mean estimated dietary exposure to AFT ranged 
from 1.3 ng/kg bw per day (cluster G08, including Austria, Germany, Poland 
and Spain) to 34.8 ng/kg bw per day (cluster G13, including African countries 
and Haiti). The mean estimated dietary exposure to AFB1 for the UB scenario 
ranged from 0.9 ng/kg bw per day (cluster G07, including European countries 
and Australia, Bermuda and Uruguay) to 13.5 ng/kg bw per day (cluster G13). 
The mean estimated dietary exposure to AFM1 for the UB scenario ranged from 
0.02 ng/kg bw per day (cluster G03, including African countries and Paraguay, 
and cluster G14, including island nations in the Pacific and Indian oceans) to 
0.56 ng/kg bw per day (cluster G10, including European and North American 
countries, New Zealand and the Republic of Korea). Similar patterns of exposure 
were seen under the LB scenario. In the previous evaluation, dietary exposure to 
AFT and AFB1 was primarily from consumption of maize and peanuts. However, 
the inclusion of data from a wider range of cereals in the current assessment 
has resulted in changes to the main contributing commodities. Rice was the 
main contributor to UB dietary AFT exposure (range 34.5–80.3%) for clusters 
G05, G10, G12, G13, G14 and G17 (clusters mainly include countries from 
Central and South America, island nations, parts of sub-Saharan Africa and a 
range of developed countries), whereas wheat was the main contributor to UB 
dietary AFT exposure (range 37.0–76.5%) for clusters G01, G02, G04, G06, G07, 
G08, G11 and G15 (clusters mainly include countries from North Africa, the 
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Balkans, the Middle East, Central Asia, Caribbean islands, Europe and various 
other developed countries). Maize was the main contributor to UB dietary AFT 
exposure (range 44.7–47.6%) for the remaining three clusters (G03, G09 and 
G16, clusters mainly include countries from sub-Saharan Africa and East Asian 
countries). A slightly different pattern was seen for AFB1, with rice being the main 
contributor to UB dietary AFB1 exposure (58.7%) for cluster G14 only (cluster 
includes mainly Pacific island nations), sorghum (range 37.3–58.7%) for clusters 
G13 and G16 (clusters include countries in sub-Saharan Africa) and maize (range 
29.0–53.7%) for clusters G03, G05, G12 and G17 (clusters include countries 
from Central and South America, sub-Saharan Africa and some island nations). 
Wheat was the major contributor to UB AFB1 dietary exposure (range 33.8–
80.2%) for the remaining 10 clusters. Cattle milk was the dominant contributor 
to UB AFM1 dietary exposure (range 51.8–99.0%) for all clusters except cluster 
G07 (cluster includes various developed countries), where a greater contribution 
came from cheese consumption (57.5% compared with 38.5% for cattle milk). 
The Committee noted that the international exposure estimates obtained in the 
present evaluation were higher than those of the previous evaluation, due to the 
inclusion of a greater range of data on aflatoxins in cereals. 

With the exception of very high estimates of dietary exposure to AFT for 
some African countries (105–850 ng/kg bw per day), all national and international 
mean estimates of dietary AFT exposure were in the range <0.01–58 ng/kg bw 
per day, with high consumer (90th or 95th percentile) estimates in the range 
<0.01–200 ng/kg bw per day. For AFB1, mean dietary exposure estimates were 
in the range <0.01–49 ng/kg bw per day, with high-percentile estimates in the 
range <0.01–150 ng/kg bw per day. For AFM1, mean dietary exposure estimates 
were in the range <0.001–8.8 ng/kg bw per day, with high-percentile exposures 
in the range <0.001–5.0 ng/kg bw per day. It should be noted that these very wide 
ranges in estimates of dietary exposure are mainly due to the literature estimates 
of dietary exposure, with their diverse methodologies. Estimates of dietary 
exposure derived by the Committee (national and international) encompass a 
narrower, but still wide, range of estimates. Table 1 provides a summary of the 
range of exposure estimates derived from each of the three sources outlined 
above. Exposure estimates have been further separated into those pertaining to 
children and those pertaining to adults or the general population.

Impact assessment of implementation of Codex MLs in ready-to-eat peanuts
CCCF asked the Committee to consider the impact of establishing MLs for AFT 
in ready-to-eat peanuts. In order to evaluate the potential effect of these MLs 
on chronic dietary exposure, all occurrence data on total AFT for ready-to-eat 
peanuts were categorized into the groups for which an ML has been proposed 
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Table 1
Summary of the range of estimates of dietary exposure for AFT, AFB1 and AFM1 derived 
from the literature, CIFOCOss and GEMS/Food cluster diets

Aflatoxin/population groupa/ 
estimate type

Range of estimated dietary exposures (ng/kg bw per day)
Mean High percentileb,c

AFT
Children
National – literature <0.01–25 <0.01–197
National – CIFOCOss 0.5–9.6 1.0–19
Adults
National – literature
   Sub-Saharan Africa 1.4–850 –
   Other countries <0.01–58 <0.01–200
National – CIFOCOss 0.04–5.0 0.1–11
International 0.3–35 0.7–70
AFB1

Children
National – literature <0.01–13 <0.01–17
National – CIFOCOss <0.01–10 <0.01–20
Adults
National – literature
   Sub-Saharan Africa 402 –
   Other countries <0.01–49 0.04–150
National – CIFOCOss 0.03–4.3 0.06–8.5
International 0.2–14 0.4–27
AFM1

Children
National – literature 0.02–8.8 0.13–0.32
National – CIFOCOss <0.001–2.5 <0.001–5.0
Adults
National – literature 0.005–1.4 0.05–0.80
National – CIFOCOss <0.001–0.14 <0.001–0.28
International 0.001–0.56 0.002–1.1

a  For the purpose of this summary table, “children” were taken to be any population group described as infants, toddlers or children. “Adults” were taken to be any 
population group described as adults, adolescents, elderly, very elderly or the general population.

b  90th or 95th percentile.
c  In some cases, the maximum high-percentile exposure estimate may be less than the maximum mean exposure estimate. This is due to the fact that high-percentile 

dietary exposure estimates were not determined in all studies.
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ML
Mean AFT dietary exposure for all 

clusters (LB–UB, ng/kg bw per day)
Proportion of ready-to-eat peanuts 

rejected (%)
No ML 5.3–8.3 –
ML = 15 µg/kg 5.0–8.0 9.7
ML = 10 µg/kg 5.0–8.0 12.6
ML = 8 µg/kg 5.0–8.0 14.0
ML = 4 µg/kg 4.9–8.0 19.8

(ML = 4, 8, 10 or 15 µg/kg), and resultant LB and UB mean concentrations were 
calculated. It was further assumed that the mean concentration of AFB1 in ready-
to-eat peanuts would decrease with lower MLs in the same proportions as the 
decrease in the mean concentration of AFT. An international dietary exposure 
assessment for AFT and AFB1 was performed based on these MLs. For this, all 
samples for which the concentration of AFT exceeded its ML were excluded from 
the calculation of the LB and UB mean concentrations. The percentages of rejected 
samples after implementation of the proposed MLs were determined by cluster 
and overall. An ML of 15 µg/kg for ready-to-eat peanuts resulted in 2.7–14.5% 
of samples being rejected (overall 9.7%), whereas an ML of 4 µg/kg resulted in 
4.2–23.8% of samples being rejected (overall 19.8%). The highest rejection rates 
were for cluster G05 (the cluster includes mainly South and Central American 
countries, whereas the data used for the assessment were solely from Brazil).

The effect of the implementation of the proposed Codex MLs on chronic 
dietary exposure to AFT and AFB1 was evaluated by means of the GEMS/Food 
cluster diets. For the UB scenario, imposition of an ML of 15 µg/kg for ready-to-eat 
peanuts reduced chronic dietary exposure to AFT by a maximum of 20% (cluster 
G16, including sub-Saharan African countries). Imposing the strictest proposed 
ML of 4 µg/kg for ready-to-eat peanuts reduced chronic dietary exposure to AFT 
by a maximum of 21% compared with dietary exposure without imposition of 
any ML for ready-to-eat peanuts. The additional reduction in dietary exposure to 
AFT from the reduction in ML from 15 to 4 µg/kg was negligible for all clusters. 
The maximum impact on estimated AFB1 dietary exposure from imposition of 
the strictest proposed ML (4 µg/kg) was a reduction of 13%. 

Table 2 includes a summary of the impact of the various MLs considered 
on estimated AFT dietary exposure and ready-to-eat peanut rejection rates, at a 
global level.

Table 2
Impact of different MLs for ready-to-eat peanuts on dietary AFT exposure estimates and 
ready-to-eat peanut rejection rates, at a global level
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Dose–response analysis
The current Committee confirmed liver cancer to be the critical end-point 
associated with dietary exposure to aflatoxins and used this end-point to 
characterize the health risk.

The Committee at the forty-ninth meeting of JECFA (Annex 1, reference 
131) evaluated a number of epidemiological studies that associated aflatoxin 
exposures with risks of liver cancer, from which was determined the potency 
for HBsAg+ and HBsAg− individuals by selecting the median potency estimate 
among a suite of competing models. However, the Committee at the forty-ninth 
meeting of JECFA did not provide a complete uncertainty analysis of the Yeh at al. 
(50) data describing the relative risks between HBsAg+ and HBsAg− populations 
or upper bounds to the potency estimate. Owing to the availability of advanced 
statistical methodology, the Committee at the current meeting reanalysed the 
data of Yeh et al. (50), which is still considered the critical study, using a consistent 
methodological framework. As model uncertainty was a significant concern, a 
Bayesian model-averaged estimate of the potency (124) was computed. 

Model averaging is a Bayesian technique that determines the posterior 
potency estimate from observed data and prior information. The prior is a 
probability model that weighs the importance of each model based upon 
considerations made before modelling the data, and the posterior is also a 
probability model that gives weights of the importance of each model given the 
data. 

There is strong biological evidence to conclude that AFB1 is a low-dose 
linear genotoxic carcinogen. For the prior probability model, the Committee 
determined prior weights for each model. From the low-dose linear argument 
(i.e. consistency with animal data) and the models’ similarity to commonly used 
toxicological dose–response models, the linear model of Wu-Williams, Zeise & 
Thomas (125) and multistage cancer model of Bowers et al. (126) were given 
increased weight in comparison with the other models, totalling 80%. The other 
two models were given a total weight of 20%. Table 3 gives the potency estimate as 
well as the 95% UB on this estimate for all models, including the model average. 
The Committee decided to use the model-average estimate of 0.017 (0.049, 
UB) for HBsAg− individuals and 0.269 (0.562, UB) for HBsAg+ individuals for 
aflatoxin exposures of 1 ng/kg bw per day. The central estimates are virtually 
unchanged from the previous Committee’s potency estimates of 0.01 for HBsAg− 
individuals and 0.3 for HBsAg+ individuals for aflatoxin exposure of 1 ng/kg bw 
per day. However, as that estimate did not include an estimate of the statistical 
uncertainty of the potency, the current Committee chose the UB values of 0.049 
and 0.562 for HBsAg− and HBsAg+ individuals, respectively, which reflected the 
statistical uncertainty of the estimate.



31

Contaminants

Table 3
Estimated potency for 1 ng/kg bw per day (in 100 000 person years) of aflatoxin exposure 
from different models applied, fitted to the data of Yeh et al. (50) 

Model HBsAg status Potencya Prior weight Posterior weight
Wu-Williams, Zeise & Thomas 
(125) 
Multiplicative linear − 0.005 (0.009) 0.10 0.09

+ 0.140 (0.326)
Additive − 0.029 (0.058) 0.40 0.47

+ 0.410 (0.615)
Hoseyni (128) 
Exponential multiplicative − 0.002 (0.003) 0.10 0.30

+ 0.054 (0.124)
Bowers et al. (126) 
Multistage cancer − 0.018 (0.029) 0.40 0.14

+ 0.350 (0.474)
Model average − 0.017 (0.049)

+ 0.269 (0.562)
a 95% UB given in parentheses.

These human potency estimates were compared with potency estimates 
computed from a dose–response analysis based upon the animal study of Wogan, 
Paglialunga & Newberne (14). For this analysis, the estimate was taken from the 
model-averaged estimate of the dose–response curve. As this dose–response 
curve has been found to be less prone to error when extrapolating to potencies 
as low as 1/1000 (127), the dose associated with this potency was estimated 
and used to linearly extrapolate the potency of the dose associated with 1 ng/
kg bw per day. Using a body weight to the ¾ power conversion factor between 
humans and rats, the estimated lifetime potency for AFB1 in rats is estimated to 
correspond to 4.7 cases per 100 000 lifetimes in humans, with a 90% confidence 
interval of (1.3, 74.9). Using the data of Yeh et al. (50) and assuming a lifetime of 
75 years, the potency is estimated to be 1.3 cases per 100 000 lifetimes, with an 
UB estimate of 3.6.

Evaluation 
The Committee reaffirmed the conclusions of the forty-ninth meeting of JECFA 
that aflatoxins are among the most potent mutagenic and carcinogenic substances 
known, based on studies in test species and human epidemiological studies, 
and that HBV infection is a critical contributor to the potency of aflatoxins in 
inducing liver cancer. The more recent information about human polymorphisms 
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in metabolizing enzymes (e.g. CYPs, SULTs) has described population variability 
in the balance between activation and detoxification processes for aflatoxins. 
This knowledge has been used in conjunction with biomarkers to evaluate the 
effectiveness of pharmacological and dietary interventions with the aim of 
reducing cancer risk (22). 
 Increased reporting and identification of acute aflatoxicosis outbreaks, 
particularly in areas of Africa, led this Committee to consider the available data 
on acute exposure. Indeed, loss of lives attributed to aflatoxins was most recently 
reported in the United Republic of Tanzania during the summer of 2016. Ranges 
of AFB1 exposures between 20 and 120 µg/kg bw per day for a period of 1–3 
weeks (37) or consumption of staple food containing concentrations of 1 mg/kg 
or higher (e.g. (39)) would be suspected to cause acute aflatoxicosis and possibly 
death. The Committee did not assess acute dietary exposure, but noted that the 
estimates of chronic dietary exposure are at least 2–5 orders of magnitude lower 
than the doses associated with acute effects.
 Since the forty-ninth meeting of the Committee, epidemiological data 
have become available to support the hypothesis that aflatoxin exposure in utero 
and during early life has negative effects on growth; in particular, decreased 
height is the most frequently associated anthropometric parameter. The available 
data did not provide evidence for an exposure level at which there is a significant 
risk for growth faltering.
  The Committee considered that the development of analytical 
technologies based on aptamers may have relevance in remote areas, because of 
their inherent stability, ease of production and use.
 The Committee noted that there were limited contamination data 
from developing countries, which hindered a more comprehensive and global 
evaluation of aflatoxin occurrence and may have resulted in an underestimate of 
dietary exposure in these countries.
 Only five food commodities (maize, peanuts, rice, sorghum and wheat) 
each contribute more than 10% to international dietary exposure estimates for 
more than one GEMS/Food cluster diet, for either AFT or AFB1. The Committee 
noted that international dietary exposure estimates (AFT and AFB1) were 
generally higher than those reported at the sixty-eighth meeting (Annex 1, 
reference 187). This was predominantly due to the availability of concentration 
data for rice, sorghum and wheat and their inclusion in the international dietary 
exposure estimates. Although overall concentrations of aflatoxins in rice and 
wheat are lower than concentrations in maize and groundnuts (a traditional 
focus for aflatoxin risk management), the high consumption of rice and wheat 
in some countries means that these cereals may account for up to 80% of dietary 
aflatoxin exposure for those GEMS/Food cluster diets. Mean AFB1 concentrations 
in sorghum from the GEMS/Food contaminants database are higher than those 
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for maize; combined with high consumption levels of sorghum in some GEMS/
Food clusters, this cereal contributes 16–59% of dietary exposure in six GEMS/
Food clusters. The database on sorghum is considerably more limited than that 
on maize.
 The Committee estimated the cancer potency per 100  000 population 
for exposure to AFB1 at 1 ng/kg bw per day. The resulting central estimates 
are 0.01 additional cancer cases per 100  000 for HBsAg− populations and 0.3 
additional cancer cases per 100 000 for HBsAg+ populations. UB estimates are 
0.049 additional cancer cases per 100  000 for HBsAg− populations and 0.562 
additional cancer cases per 100 000 for HBsAg+ populations.
 The Committee calculated global aflatoxin-related hepatocellular 
carcinoma risk based on the new central and UB cancer potency estimates from 
the current dose–response analysis and international dietary exposure estimates 
described above. Aflatoxin-related cancer rates were calculated, accounting 
for prevalence of chronic HBsAg positivity (129), by GEMS/Food cluster. The 
low end of the range refers to LB estimates at the mean dietary AFB1 exposure, 
minimum HBsAg+ rates for countries in the cluster and the central potency 
estimate. The high end of the range refers to UB estimates at the 90th percentile 
of dietary AFB1 exposure, maximum HBsAg+ rates for countries in the cluster 
and UB estimates of cancer potency. The lowest cancer risks were estimated for 
clusters G07 and G08 (European and other developed countries), with cancer 
risk estimates in the range <0.01–0.10 aflatoxin-induced cancers per year per 
100 000 population, with wheat being the major contributing food commodity. 
For countries within these clusters, HBsAg+ rates were in the range 0.01–1.2%. 
The highest cancer risks were for cluster G13 (sub-Saharan African countries 
and Haiti), with cancer risk estimates in the range 0.21–3.94 aflatoxin-induced 
cancers per year per 100  000 population, with sorghum and maize being the 
major contributing food commodities. For countries within this cluster, HBsAg+ 
rates were in the range 5.2–19%. Other clusters with relatively high cancer 
risks were G03 (sub-Saharan African countries and Paraguay, with maize and 
sorghum being the major contributing food commodities), G05 (mainly Central 
and South American countries, with maize, rice, sorghum and wheat being the 
major contributing food commodities) and G16 (sub-Saharan African countries, 
with maize and sorghum being the major contributing food commodities). 
The Committee noted that the aflatoxin-related hepatocellular carcinoma risk 
rates calculated here are within the range of aflatoxin-related foodborne disease 
(hepatocellular carcinoma) incidences published by WHO.
 The Committee noted that a common background cancer rate was used 
in the cancer potency estimates. A sensitivity analysis showed that changing the 
background cancer rates has minimal impact on the analysis.
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 Given the relative cancer potencies and international dietary exposure 
estimates for AFB1 and AFM1, AFM1 will generally make a negligible (<1%) 
contribution to aflatoxin-induced cancer risk for the general population.

The Committee concluded that enforcing an ML of 10, 8 or 4 µg/kg for 
ready-to-eat peanuts would have little further impact on dietary exposure to AFT 
for the general population, compared with setting an ML of 15 µg/kg. At an ML 
of 4 µg/kg, the proportion of the world market of ready-to-eat peanuts rejected 
would be approximately double the proportion rejected at an ML of 15 µg/kg 
(about 20% versus 10%).

Recommendations
The Committee recommends that efforts continue to reduce aflatoxin exposure 
using valid intervention strategies, including the development of effective, 
sustainable and universally applicable preharvest prevention strategies (e.g. (11)).

Based on their contribution to dietary aflatoxin exposure in some areas 
of the world, rice, wheat and sorghum need to be considered in future risk 
management activities for aflatoxins. 

The Committee recommends further research and efforts to alleviate 
stunting taking aflatoxin exposure into consideration as a possible contributing 
factor. 

The Committee recommends that if additional epidemiological studies 
are conducted, they should be prospective studies and performed in a high-
exposure area (e.g. in Africa). 
 The Committee advises the development of surveillance programmes for 
regions for which currently little information on occurrence of aflatoxins exists, 
carefully considering the impact of these programmes on food security.

 A monograph addendum was prepared.
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3.2  4,15-Diacetoxyscirpenol 
Explanation
4,15-Diacetoxyscirpenol (Fig. 4) (4,15-DAS; (3α,4β)-3-hydroxy-12,13-epoxy- 
tricothec-9-ene-4,15-diyl diacetate; Chemical Abstracts Service [CAS] No. 2270-
40-8) or anguidine is a trichothecene mycotoxin produced mainly by Fusarium 
langsethiae, F. poae and F. sambucinum (1–4). All trichothecenes have the same 
core 12,13-epoxytrichothec-9-ene structure, and trichothecene analogues have 
different patterns of substitution around this core structure. 4,15-DAS is a type A 
trichothecene, with similar structure to T-2 toxin and HT-2 toxin. Both T-2 toxin 
and HT-2 toxin have an ester function at the C-8 position, whereas HT-2 toxin 
additionally has a hydroxyl group at the C-4 position. 

The main food groups reported to be contaminated with 4,15-DAS are 
cereals and cereal-based products, which include wheat, oat, barley, rice, rye, 
maize and sorghum (2, 5–7). In addition to cereals, 4,15-DAS has been found in 
coffee beans (8).
 4,15-DAS has not previously been evaluated by JECFA. The structurally 
related type A trichothecenes T-2 toxin and HT-2 toxin were evaluated by JECFA 
at the fifty-sixth meeting (Annex 1, reference 152). The Committee evaluated 
4,15-DAS at the present meeting in response to a request from CCCF.
 At the present meeting, the Committee reviewed published studies 
relevant to the human health risk assessment of 4,15-DAS obtained through a 
comprehensive search of peer-reviewed literature using PubMed, Embase and 
Global Health. The literature search on the occurrence of and dietary exposure to 
4,15-DAS was run using three databases (Scopus, PubMed and Ovid) and a cut-
off date of 2000.

Biochemical aspects
4,15-DAS is rapidly absorbed and metabolized, with plasma concentrations of 
4,15-DAS and two unconjugated metabolites, 15-monoacetoxyscirpenol (15-
MAS) and scirpentriol (SCP), peaking within 30–60 minutes after gelatine 
capsule intubation in swine and decreasing to non-detectable amounts 48 hours 
after dosing (9). Following oral administration of a single radiolabelled 4,15-
DAS dose of 0.55 or 0.66 mg/kg bw to rats and mice, respectively, radiolabel 
was found in the gastrointestinal tract, liver, kidney and tissues of the lympho-
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haematopoietic system (spleen, thymus, femur bone marrow). Approximately 
90–94% of the oral dose was excreted in urine and faeces within 24 hours. The 
excretion was observed to parallel an associated decline of radiolabel in the 
tissues. The remaining low levels of radioactivity (up to 3%) plateaued over the 
following 6 days and were higher in the lympho-haematopoietic tissues than in 

T-2 (R1 = OAc) and HT-2 (R1 = OH) toxins
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Chemical structures of 4,15-DAS and the type A trichothecenes
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the other tissues (10). Although the available studies indicate that 4,15-DAS is 
bioavailable following oral exposure, the extent to which this occurs is not clear. 
In the pig, the majority of 4,15-DAS was excreted in the faeces as metabolites, 
with only a small amount of 4,15-DAS or metabolites detected in the urine (11). 
In mice and rats, the majority of the radiolabel was excreted in the urine (10).

In vitro studies indicate that 4,15-DAS is metabolized by gut microflora 
to several metabolites, including 15-MAS, SCP, de-epoxy MAS and de-epoxy 
SCP, in rats, cattle and pigs. The de-epoxidation is considered to be an important 
step in the detoxification of trichothecenes. However, de-epoxidation was not 
observed in chickens, horses or dogs (12, 13). In vivo and in vitro studies suggest 
that metabolism continues in the liver biphasically: in phase I, deacetylation via 
hydrolysis (first at C-4 and then at C-15) and hydroxylation (at C-7 and C-8), and 
in phase II, conjugation with glucuronic acid. Glucuronide conjugates of 4,15-
DAS were identified in all species tested except chicken (14).

Toxicological studies
4,15-DAS is acutely toxic, with oral median lethal dose (LD50) values in the range 
of 2–15 mg/kg bw in mice, rats and chickens. The lowest oral LD50 was observed 
in chickens (15). The higher susceptibility of chickens to the toxicity of 4,15-DAS 
is consistent with biotransformation data that demonstrated the deficiencies of 
chickens for de-epoxidation in the gut microflora and conjugation reactions in 
the liver (13, 14, 16). 

Effects of acute oral exposure to 4,15-DAS in mice, rats, chickens and 
pigs included lethargy, diarrhoea, vomiting and flushing of the skin, together 
with necrosis in the gastrointestinal tract and the lympho-haematopoietic tissues. 
Limited short-term studies of toxicity were available. In studies in which 4,15-
DAS was administered to livestock animals in the diet for periods of up to 9 
weeks, oral lesions, feed refusal and reduced body weights or body weight gains 
were consistently observed. These studies were not considered suitable for an 
assessment of risk for humans. 

No long-term studies of toxicity or carcinogenicity were available.
Tests for genotoxicity with 4,15-DAS in bacterial or eukaryotic in 

vitro systems gave uniformly negative results. One in vivo study with 4,15-
DAS administered intraperitoneally was available (17); however, owing to 
study limitations, it is unclear whether the observed DNA strand breaks and 
chromosomal aberrations were a consequence of an interaction between the 
toxicant and genetic material or were secondary to cytotoxicity and inhibition 
of protein synthesis by 4,15-DAS. The Committee noted that DNA strand breaks 
and chromosomal aberrations were observed for T-2 toxin and that these effects 
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were observed only at doses known to cause cytotoxicity and inhibition of protein 
and DNA synthesis (Annex 1, reference 152). 

No reproductive or developmental toxicity studies conducted by the oral 
route of exposure in mammalian species were available. 

Structure–activity predictions for the toxicity of the metabolites of 4,15-
DAS and the reported potency ranking for in vitro cytotoxicity and inhibition 
of protein synthesis indicate that the metabolites are less toxic than the parent 
compound (18–20). However, the available comparative data for 4,15-DAS and 
15-MAS indicate that adverse effects are induced with similar potency when the 
compounds are administered by the oral route of exposure (21–23). As 4,15-DAS 
is rapidly converted to 15-MAS and other common metabolites in both the gut 
microflora and the liver, the toxicity of 4,15-DAS in vivo can be considered to 
include that of 15-MAS.

Because of the limited availability of data on 4,15-DAS, the Committee 
considered its similarity with the other type A trichothecenes, T-2 and HT-
2, by comparing the available toxicological data for these trichothecenes and 
reviewing studies of combined effects. The comparison of 4,15-DAS with 
T-2/HT-2 toxin is supported by the similar chemical structures of type A 
trichothecenes and evidence that, similar to other trichothecene mycotoxins, 
4,15-DAS has been shown to be a potent inhibitor of the initial step of protein 
synthesis (20, 24–26); to inhibit DNA synthesis (27); and to induce apoptosis in 
T-lymphocytes (28–30). 

When comparing in vitro cytotoxic effects on blood cell progenitors or 
mitogen-stimulated human lymphocytes (31–35), T-2 toxin was consistently 
observed to be more potent than 4,15-DAS. A comparison of in vivo effects 
was limited by differences in study design and a limited number of comparable 
studies between the available databases. The critical effects identified for T-2 
toxin at the fifty-sixth meeting of JECFA were decreased white blood cell counts, 
haemoglobin and red blood cells and a decreased lymphocyte proliferative 
response to mitogen stimulation, following short-term dietary exposure of pigs 
to T-2 toxin at a dose of 0.03 mg/kg bw per day (36). In the short-term dietary 
pig studies conducted with 4,15-DAS, which involved only a few animals, no 
effects on blood cell counts were observed at doses up to 0.4 mg/kg bw per 
day, the highest dose tested (37, 38). However, evidence from other animal 
studies suggests that 4,15-DAS and T-2 toxin cause similar immunotoxic and 
haematotoxic effects following oral exposure. In mice, depletion of lymphocytes 
from lymphoid tissues was observed following 2-day administration of 4,15-
DAS by gavage at a dose of 3 mg/kg bw per day (39). Similar observations were 
reported after T-2 toxin was administered to mice as a single gavage dose of 4 
mg/kg bw (40). In addition, although a comparable rat study was not available 
for T-2 toxin, administration of oral doses of 4,15-DAS to rats at 1 mg/kg bw 3 
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times a week for 5 weeks (equivalent to 0.43 mg/kg bw per day) was associated 
with decreased haemoglobin, haematocrit and red blood cell count from day 
7 onward. Atrophy and necrosis of the bone marrow, thymus, spleen, lymph 
nodes and gastrointestinal tract were observed within 2–4 weeks of treatment 
(41). 

Although T-2 toxin appears to be more potent than 4,15-DAS in vitro 
and in vivo, the available data are insufficient for establishing relative potencies. 

Of the few studies that considered the combined effects of 4,15-DAS and 
T-2 toxin, a consistent additive dose effect was observed for end-points such as in 
vitro inhibition of protein synthesis and lymphocyte proliferation (20, 34), oral 
lethal doses following acute exposure (42) and the incidence of oral lesions, feed 
refusal and decreased egg production following short-term dietary exposure in 
chickens (43).

Observations in domestic animals/veterinary toxicology
Fusarium species have been associated with a number of animal toxicoses. 
However, only two case reports in bovines and chickens were identified in 
the literature that specifically identified 4,15-DAS as one of the mycotoxins 
associated with toxicoses. In these cases, the clinical observations included, but 
were not limited to, diarrhoea, loss of appetite, dehydration, weakness and death 
(44, 45). These chickens revealed necrosis in the gastrointestinal tract and bursa 
of Fabricius (site of haematopoiesis), as well as depletion of lymphocytes (45).

Observations in humans
In the 1970s and early 1980s, 4,15-DAS was investigated under the name 
anguidine for its potential as a cancer chemotherapeutic agent using intravenous 
infusion dosing at doses ranging from 0.1 to 10 mg/m2 (equivalent to 2.7–270 µg/
kg bw), but these investigations were ultimately discontinued due to the lack of 
sufficient efficacy against tumours and observations of adverse effects in phase II 
clinical trials. The reported adverse effects in these trials were consistent with the 
target sites of toxicity of 4,15-DAS observed in the animal studies. These adverse 
effects included myelosuppression, which was characterized as decreased levels 
of lymphocytes and platelets, vomiting and hypotension beginning at doses 
equivalent to 81 µg/kg bw and reports of mild nausea at lower doses equivalent 
to 41–65 µg/kg bw (46–48). 

In historical outbreaks of illness associated with Fusarium species where 
4,15-DAS was investigated, 4,15-DAS was not detected (49, 50). 
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Analytical methods 
The Committee reviewed and identified specific analytical issues associated with 
the screening and quantification of 4,15-DAS and modified3 forms of 4,15-DAS, 
including 4,15-DAS metabolites in human biomarker studies. 
 Several screening tests using antibodies have been established for 
the detection of 4,15-DAS (51). However, most of the immunoassays for 
trichothecenes have moderate or strong cross-reactivity with closely related 
compounds (52). Results from ELISA tests should always be confirmed using 
quantitative chromatographic methods. For quantification, 4,15-DAS is 
commonly extracted from the food matrix by acetonitrile/water or methanol/
water; however, dilute-and-shoot extraction in combination with LC-MS/MS is 
more often used in more recently described methods (53).
 Modified forms of 4,15-DAS – 15-MAS-3-glucoside, 15-MAS-4-
glucoside and DAS-3-glucoside – were identified in a maize reference material 
by LC–Orbitrap MS (54). The degradation product DAS-M1 was identified by 
LC–high-resolution MS after heating of 4,15-DAS in an aqueous solution, and 
it was quantified by LC-MS/MS (1). In human biomonitoring studies, 4,15-DAS 
was analysed in urine by either LC-MS/MS (55) or gas chromatography (GC)–
MS/MS (56).
 The main issue related to analytical methods for the quantification of 
4,15-DAS is that 4,15-DAS is usually detected as one of many mycotoxins using 
multi-mycotoxin methods. This means that the LOQ can vary considerably 
between methods, possibly resulting in many left-censored data, directly 
increasing exposure assessment uncertainty.
 A challenge to the analysis of 4,15-DAS in food and feed is the lack of 
harmonized methods, performance criteria for analytical methods, certified 
reference materials and proficiency tests. Analysis of modified forms of 4,15-
DAS, including metabolites, has the additional challenge that not all analytical 
standards are currently available. 

Sampling protocols 
No published information on sampling protocols specifically for 4,15-DAS was 
found. However, as for other trichothecene mycotoxins, it is assumed that 4,15-
DAS will be distributed unevenly in a batch of raw materials. 

Although no sampling protocols specific to 4,15-DAS were found, some 
generic guidelines on sampling of mycotoxins are available. The FAO sampling 
tool on sampling protocols, developed for both food analysts and regulatory 

3 The term “modified” is used to refer to covalently bound metabolites that are produced by fungi, formed 
through an interaction between 4,15-DAS and matrix constituents in a plant or during food processing, 
or metabolized in the human or animal body.
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officials, can be used (57), and sampling protocols are available from the Codex 
Alimentarius Commission standard CODEX STAN 193-1995 (58). Furthermore, 
the European Commission has sampling protocols for the purpose of official 
control of the levels of mycotoxins in foodstuffs, as described in Regulation (EC) 
No 401/2006 and its amendments (59).

Effects of processing 
Reports on the effects of food processing on the occurrence of 4,15-DAS in foods 
were evaluated by the Committee. No papers were found on the distribution 
of 4,15-DAS in the fractions after sorting, cleaning and milling of cereals. One 
paper reported that 4,15-DAS in aqueous solution was hydrolysed to DAS-M1 
after thermal treatment.

Prevention and control 
There is little information available on specific intervention measures to prevent 
4,15-DAS contamination. As 4,15-DAS is produced by Fusarium species, 
management strategies to prevent contamination of crops with 4,15-DAS may 
focus on prevention of Fusarium infection and growth in the whole production 
chain and decontamination procedures of harvested crops. 
 Preharvest measures to reduce Fusarium infection focus on careful 
consideration of management strategies and plant protection products to keep 
plants healthy and the Fusarium inoculum low (60). Soil type (61) and tillage 
(62) influence survival and propagation of Fusarium. Management practices 
that aim at healthy plants should be implemented by sowing and harvest at the 
appropriate time (60, 63), careful use of fertilizer (64) and irrigation (65). Use of 
plant protection products should be carefully considered, as they are not always 
effective against Fusarium (66). Currently, several biocontrol practices are under 
development aiming at either outcompeting toxigenic Fusarium species (67) or 
inhibiting biosynthesis of mycotoxins (68). Crop rotation with non-host crops 
such as beets, onions, beans, clover, alfalfa, vegetables or chicory will prevent 
buildup of inoculum (63). Use of existing crop cultivars resistant to Fusarium 
may reduce fungal infection and possibly 4,15-DAS contamination of the crop 
(69). 
 No literature was identified on postharvest strategies to prevent 4,15-
DAS contamination, other than a small number of papers on decontamination 
treatments. Irradiation (70), thermal treatment (1) and chemical decontamination 
(71) showed effects on 4,15-DAS decontamination under experimental settings. 
Biodecontamination of feed can be carried out using microorganisms (or enzymes) 
and adsorbents, which, when added to feed, can reduce the bioavailability of 
4,15-DAS (72).
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Levels and patterns of contamination in food commodities 
The Committee evaluated data on 4,15-DAS contamination in food that were 
submitted to the GEMS/Food contaminants database and that were derived from 
about 80 papers published mainly between 2000 and 2016.
 The number of data submitted to the GEMS/Food contaminants 
database on the occurrence of 4,15-DAS in food was relatively low (16  814 
records), and only 2.3% of the records had positive data (above the LOD). The 
main food commodities reported to be contaminated with 4,15-DAS were cereals 
and cereal-based foods. Few records on other food commodities were found, and 
generally no 4,15-DAS was detected in those other food commodities (specified 
as not detected or below the LOD). The highest prevalence of 4,15-DAS was 
found in sorghum from Africa (14% from 1083 records), with a highest value 
of 109 µg/kg. No 4,15-DAS was detected in samples from the Americas (2400 
records). Less than 1% (0.6%) of the samples from the Western Pacific Region 
(1039 records) were contaminated with 4,15-DAS, with the highest level of 8 µg/
kg in potato chips. A prevalence of 4% occurred in samples from the Eastern 
Mediterranean Region (450 records), with analyses only for sorghum. In Europe 
(11 842 records), the prevalence of 4,15-DAS in food was 1.5%, mainly in cereals 
and cereal-based food, as well as one sample of cereal-based food for infants and 
one snack food sample.
 Data from the scientific literature confirmed the low prevalence of 4,15-
DAS in food and the relative importance of cereals. Results were mainly from 
European countries, which reported low prevalence and low concentrations of 
4,15-DAS (73). In Spain, a high prevalence of 4,15-DAS and high contamination 
were detected in coffee (non-specified), with levels up to 402 µg/kg (74). Very 
few publications were found for the Americas, except a few papers published 
before the year 2000. Some papers were found on the occurrence of 4,15-DAS 
in the Western Pacific Region: low concentrations (<5 µg/kg) and a prevalence 
of 20% for corn, wheat and barley in Japan (2); and high concentrations (up to 
1000 µg/kg) for maize in New Zealand (75). A low background level of 4,15-DAS 
was found in the African Region in maize, wheat and barley (range of prevalence 
5–10%), with levels up to 97 µg/kg in Tunisia from the Eastern Mediterranean 
Region (6). The prevalence of 4,15-DAS in food samples from India was low, 
except for sorghum (prevalence of 43%, concentrations up to 70 µg/kg) (76). One 
paper from Pakistan reported a 10% prevalence of 4,15-DAS in maize samples, 
with a mean concentration of 516 µg/kg (77). 
 Feed samples from the Russian Federation showed high concentrations 
of 4,15-DAS (up to 490 µg/kg) and high prevalence (up to 90%). However, these 
results were from one paper using an ELISA method with no confirmatory 
analysis (78). 
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 It can be concluded that the prevalence and contamination level of 4,15-
DAS in food samples from various regions in the world are low, based on the 
results from both the GEMS/Food contaminants database and the scientific 
literature. Reports of high prevalence and high contamination levels of 4,15-DAS 
were mainly published before 2000. The main food group contributing to the 
occurrence of 4,15-DAS is cereals, and most reports are on sorghum. The other 
food group in which 4,15-DAS was occasionally detected was coffee. 

No reports on transfer of 4,15-DAS from feed to food of animal origin 
were found.

Food consumption and dietary exposure assessment 
The Committee reviewed national dietary exposures to 4,15-DAS from the 
literature and calculated international estimates of dietary exposure for a 
number of regions in the world using concentration data from the GEMS/Food 
contaminants database and consumption data from the GEMS/Food cluster diets. 
 Some estimates of mean dietary exposure were reported in published 
papers, such as 15 ng/kg bw per day in Finland (79) for consumption of cereals, 
between 1 and 8.5 ng/kg bw per day in Spain for consumption of cereals by adults 
and children, respectively (80), between 0.04 and 0.2 ng/kg bw per day in Spain 
for consumption of coffee by adolescents and adults, respectively (8), 24.7 ng/kg 
bw per day in Tunisia for consumption of cereals (6) and 0.1 ng/kg bw per day 
in Morocco for consumption of rice (6). The estimates for Finland and Tunisia 
include the major sources of dietary exposure; however, this is not the case for 
Morocco, where consumption of rice is very low, and for Spain, where there was 
no occurrence at all in cereals.
 For the international estimates of dietary exposure to 4,15-DAS, 
considering the very high proportion of non-detected analytical results for 4,15-
DAS in foods (from 86% for Africa up to 100% for the Americas), an LB–UB 
approach was taken by the Committee. Moreover, considering the relatively low 
number of food commodities with quantified data from all over the world, it was 
decided to calculate the dietary exposure only for WHO regions for which data 
were available, and not for all cluster diets (Table 4). The WHO regions analysed 
for which both concentration data and consumption data were available were 
Africa (G13 cluster diet with sorghum), Eastern Mediterranean (G13 cluster diet 
with sorghum), Europe (average of G07, G08, G11, G15 cluster diets with all 18 
GEMS/Food commodities), Western Pacific (G10 cluster diets with all 18 GEMS/
Food commodities) and the Americas (G10 cluster diet with cereals, food for 
infants, legumes and pulses, nuts and oilseeds, starchy roots).
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In order to limit the uncertainty in its estimates, the Committee decided 
to refine the UB estimates, taking into consideration the number of food 
commodities for which concentration data were available from WHO regions. 
Therefore, three scenarios for exposure to 4,15-DAS were calculated using this 
UB tiered approach for WHO regions when this was possible (e.g. Africa, Eastern 
Mediterranean, Europe and Western Pacific).

The best refined international LB–UB mean (high) exposure estimates 
for adults were 1.4–5 ng/kg bw per day (2.8–10 ng/kg bw per day) for Africa, 
0–154 ng/kg bw per day (0–308 ng/kg bw per day) for the Americas (these results 
have a high level of uncertainty due to no detections at all), 0.4–4 ng/kg bw per 
day (0.8–8 ng/kg bw per day) for the Eastern Mediterranean, 2.8–41 ng/kg bw 
per day (5.6–82 ng/kg bw per day) for Europe and 0.4–6.5 ng/kg bw per day 
(0.8–13 ng/kg bw per day) for the Western Pacific. The Committee noted that the 
very high degree of censorship (below LOD/LOQ) in the concentration data set 
and the relatively high LOQs (particularly for the Americas) have a considerable 
influence on the results. Thus, there is substantial uncertainty in the estimated 
dietary exposures, and these need to be interpreted with caution.

Dose–response analysis
Owing to limitations in the study design of the few available studies on 4,15-DAS, 
these studies were considered to be inadequate for dose–response modelling. 

Table 4
International estimates of exposure to 4,15-DAS via food for adultsa 

Regional area
LB mean exposure 
(ng/kg bw per day)

UB mean exposure 
(scenario 1/2/3)

(ng/kg bw per day)

LB–UB P90 exposureb 
(scenario 1/2/3)

(ng/kg bw per day)
Left-censorship

(%)
Africa 1.4 20.3/20.3/5 2.8–40.6/40.6/10 86
(Burkina Faso, Ethiopia, Mali)
Americas 0 154/na/na 0–308/na/na 100
(Canada)
Eastern Mediterranean 0.4 17/17/4 0.8–34/34/8 96
(Sudan)
Europe 2.8 363/69/41 5.6–726/138/82 98.3
(Czech Republic, Finland, France, 
Germany, Slovenia, United Kingdom)
Western Pacific 0.4 239/57/6.5 0.8–478/114/13 99.4
(China [Hong Kong Special Adminis-
trative Region], New Zealand, Japan) 

na: not able to be calculated; P90: 90th percentile
a Body weight used is 60 kg.
b  P90 exposure is estimated by the Committee as twice the mean exposure (81).
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Evaluation
The Committee concluded that there are insufficient toxicological data available 
to derive a point of departure for the risk assessment of 4,15-DAS alone. There are 
limitations in the available short-term toxicity studies and no data from chronic 
exposure and reproductive and developmental toxicity studies.

4,15-DAS and T-2/HT-2 toxin are structurally similar, and there is 
evidence that they cause similar effects at the biochemical and cellular levels, 
have similarities in toxic effects in vivo and have an additive dose effect when 
co-exposure occurs. Therefore, the evidence was considered sufficient by the 
Committee to support including 4,15-DAS in the group PMTDI for T-2 and HT-2 
toxin established at the fifty-sixth meeting of JECFA (Annex 1, reference 152). 
The PMTDI of 0.06 µg/kg bw for T-2 and HT-2 toxin, alone or in combination, 
was established based on a lowest-observed-adverse-effect level (LOAEL) of 0.03 
mg/kg bw per day associated with changes in white blood cell counts following 
3 weeks of dietary exposure in pigs (36) and the application of an uncertainty 
factor of 500. The inclusion of 4,15-DAS in the group PMTDI of 0.06 µg/kg bw 
is considered to be a conservative approach when taking into consideration the 
observation that T-2 toxin was consistently more potent than 4,15-DAS when 
comparing similar in vitro and in vivo end-points. 
 The Committee noted that there is a paucity of occurrence data for 4,15-
DAS and that what data were available to the Committee were frequently left-
censored and had relatively high LOQs, thereby increasing the uncertainty in the 
dietary exposure assessment.

In the 2001 JECFA evaluation, the total dietary exposure to T-2 toxin and 
HT-2 toxin was estimated only from the GEMS/Food European diet owing to the 
fact that data on these toxins were not available from regions other than Europe. 
The total LB mean dietary exposure to T-2 toxin plus HT-2 toxin was estimated 
to be 16.3 ng/kg bw per day, with wheat, barley and oats being the major dietary 
sources (Annex 1, reference 152). 

The Committee noted that only LB dietary exposure estimates for Europe 
were available for the sum of T-2, HT-2 and 4,15-DAS. From these estimates, the 
sum of the LB dietary exposure estimates for 4,15-DAS of up to 0.0028 µg/kg bw 
per day and the total dietary exposures estimated for T-2 plus HT-2 of 0.016 µg/kg 
bw per day results in a LB mean dietary exposure of 0.019 µg/kg bw per day and in 
a LB high dietary exposure estimated at 0.038 µg/kg bw per day (twice the mean 
(81)). It was not possible to estimate the UB dietary co-exposure because of the lack 
of UB data reported for T-2 and HT-2 toxins in the previous 2001 JECFA evaluation 
together with the substantial uncertainty that is reported for UB estimates of 
dietary exposure to 4,15-DAS. The Committee concluded that these LB estimates 
for Europe do not exceed the group PMTDI for T-2, HT-2 and 4,15-DAS.
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Recommendations
The Committee was made aware of new toxicity studies on T-2/HT-2 toxin and 
therefore recommends an update of the 2001 JECFA evaluation of T-2/HT-2 
toxin. 

In addition, studies are needed to address the relative potencies of 4,15-
DAS and T-2/HT-2 toxin, the species differences with regard to bioavailability 
following oral exposure, the potential for chronic toxicity from exposure to 
concentrations in the diet, and the potential for reproductive and developmental 
toxicity of 4,15-DAS. 
  The Committee recommends improving the LOQs for 4,15-DAS, 
particularly when developing multi-mycotoxin methods.
 The Committee encourages the development of analytical standards, 
suitable certified reference materials and proficiency tests to support the analysis 
of 4,15-DAS and its modified forms, including biomarkers.
 The Committee recommends that more food commodities be analysed 
using methods with appropriate sensitivity that would allow the refinement of its 
estimates of dietary exposure to DAS, T-2 and HT-2 from all regions.

  A monograph was prepared.
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3.3  Fumonisins
Explanation 
Fumonisins are produced by Fusarium verticillioides (formerly F. moniliforme), 
F. proliferatum and F. fujikuroi, as well as some less common Fusarium species, 
for example F. anthophilum, F. dlamini, F. napiforme and F. thapsinum (1, 2). 
Fumonisin B2 (FB2) and fumonisin B4 (FB4) are also produced by Aspergillus niger 
(3). Fumonisins are common contaminants of maize and have also been found 
in rice.

The B series of the fumonisins are modified sphingoid bases, including 
fumonisin B1 (FB1) (CAS No. 116355-83-0), FB2 (CAS No. 116355-84-1), 
fumonisin B3 (FB3) (CAS No. 136379-59-4) and FB4 (CAS No. 136379-60-7), 
which are the major forms found in food and were described previously by the 
Committee at the seventy-fourth meeting of JECFA (Annex 1, reference 206). 
There are also many other fumonisin analogues that can be classified into four 
main groups, A, B, C and P, which contain two tricarballylic acid (TCA) moieties. 
Members of the series FBX are different from these, because they are esterified 
by other carboxylic acids, such as cis-aconitic acid, oxalylsuccinic acid and 
oxalylfumaric acid. There are also fumonisin analogues that have their 19- or 
20-carbon aminopolyhydroxyalkyl chain esterified by fatty acids, such as palmitic 
acid, linoleic acid and oleic acid. At the time of the 2011 evaluation, there were 
at least 28 FB1 isomers that had been isolated and characterized. The hydrolysis 
of the tricarballylic esters at C-14 and C-15 gives rise to partially hydrolysed 
fumonisin B or totally hydrolysed fumonisin B in food.

Fumonisins were evaluated by JECFA for the first time at the fifty-
sixth meeting (Annex 1, references 152 and 153) and then re-evaluated at the 
seventy-fourth meeting (Annex 1, references 205 and 206). At the seventy-fourth 
meeting, the Committee used a short-term dose–response study of liver toxicity 
in male transgenic mice fed diets containing purified FB1 (4) to derive a group 
PMTDI for FB1, FB2 and FB3, alone or in combination, of 2 µg/kg bw on the 
basis of a lower 95% confidence limit on the benchmark dose for a 10% response 
(BMDL10) of 0.165 mg/kg bw per day and an uncertainty factor of 100. Because 
the derived PMTDI at the seventy-fourth meeting of JECFA was the same as the 
group PMTDI established at the fifty-sixth meeting of JECFA, based on renal 
toxicity in a 90-day rat study, the group PMTDI for FB1, FB2 and FB3, alone or in 
combination, was retained at the seventy-fourth meeting. 

Fumonisins were evaluated by the present Committee in response to a 
request from CCCF for an updated exposure assessment. The Committee also 
evaluated toxicological studies that had become available since the previous 
evaluation in 2011. 
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A literature search was conducted to identify all available published data 
since 2010 using the University of Georgia Libraries Galileo databases and the 
University of Saskatchewan Electronic Library. The search terms included, singly 
or in combination, fumonisin, Fusarium verticillioides, ceramide, toxicology, 
reproduction, genotoxicity, acute, and chronic, among others. The literature 
search on the occurrence of and dietary exposure to fumonisins was run using 
three databases (Scopus, PubMed and Ovid) and a cut-off date of 2011.

Biochemical aspects
Most of the studies reported since 2011 provide information that confirms the 
findings and conclusions reported previously (5) (Annex 1, references 153 and 
206). This update of the biochemical aspects of fumonisins will focus on new 
findings or those that extend previous findings or confirm older findings that 
were uncertain.

A recent feeding study in rats confirmed that only small amounts of 
hydrolysed FB1, relative to FB1, are formed in the gut, where the relative recoveries 
in faeces of FB1, partially hydrolysed FB1 and fully hydrolysed FB1 (HFB1) were 
93.8%, 5.9% and 0.3%, respectively (6). 

Very small amounts of FB1 are excreted in the urine. A recent study in 
mice showed that following intraperitoneal dosing, the half-life of urinary FB1 
(UFB1) was less than 24 hours, whereas elevated levels of sphingoid bases and 
sphingoid base 1-phosphates in blood increased after UFB1 peaked (<4 hours), 
and elevated levels were detectable up to at least 120 hours after the last dose of 
FB1, with an estimated half-life of between 48 and 72 hours (7). Likewise, a recent 
study confirmed the rapid absorption and elimination of FB1 in rats, showing 
that after a single oral dose, UFB1 peaked rapidly (12 hours) and then decreased 
equally rapidly, with a half-life in the urine of between 24 and 36 hours (8). 

In humans consuming known amounts of fumonisins, FB1 was detected 
in the urine soon after exposure began and decreased rapidly after consumption 
or exposure ceased (9). The total urinary excretion of FB1 in humans was less than 
1% of the cumulative dose, a value similar to that reported in animal studies. The 
estimated half-life in humans was less than 48 hours after they consumed FB1-
containing diets for 3 consecutive days. A study involving 1200 women found 
that FB1 was excreted in the urine much more efficiently than FB2 or FB3, based 
on the relative levels of FB1, FB2 and FB3 in the food consumed (10).

The free primary amino group in FB1 is required for inhibition of 
ceramide synthase. This finding has been confirmed and extended in a recent in 
vivo study using diets formulated with highly purified FB1, partially hydrolysed 
FB1 (one TCA side-chain removed), HFB1 (both TCA side-chains removed) and 
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N-(1-deoxy-D-fructos-1-yl) FB1. The results show that the fumonisin derivatives 
did not elevate the sphinganine/sphingosine ratio and were significantly less 
nephrotoxic than FB1 (6). 

Recent studies show that FB1, as shown previously for HFB1, is a substrate for 
ceramide synthase, forming N-acyl-FB1 derivatives in vivo and in vitro. Considerably 
more N-acyl-hydrolysed FB1 accumulates in cells compared with N-acyl-FB1. This 
mimics the relative accumulation of HFB1 and FB1 (11, 12). Very little of the total FB1 
in the male rat kidney (the most sensitive target organ) was metabolized to N-acyl-
FB1, whereas in the liver, approximately half of the total fumonisins consisted of the 
N-acyl-FB1 derivatives.

The N-acyl-FB1 derivatives are more cytotoxic in vitro than FB1. The in 
vivo toxicity of the N-acyl-FB1 derivatives and N-acyl-hydrolysed FB1 derivatives 
is not known; however, hydrolysed FB1 is much less toxic than FB1, as shown 
in both previously reviewed (Annex 1, reference 206) and more recent feeding 
studies (12–15).

FB1 is a potent and specific inhibitor of ceramide synthases. There has 
been growing evidence for the important role of ceramides, sphingoid bases and 
sphingoid base-1-phosphates as cellular mediators in the development of human 
diseases, but there is no evidence of FB1-induced ceramide synthase inhibition 
in any human disease, nor is there evidence that FB1-induced ceramide synthase 
inhibition is in itself an adverse effect. As in the previous JECFA evaluations, there 
were many animal studies providing evidence that fumonisin inhibits ceramide 
biosynthesis and stimulates sphingoid base phosphorylation. Recent studies in 
mice (7) show that the elevated levels of sphinganine and sphinganine 1-phosphate 
in liver and kidney are paralleled by increased levels of sphinganine 1-phosphate 
in mouse blood spots in a dose-dependent fashion following oral exposure to 
FB1. The increased sphinganine 1-phosphate in blood spots, liver and kidney 
is positively correlated with the UFB1. The Committee noted that disruption of 
lipid metabolism consequent to inhibition of ceramide synthases appears to play 
an important and early role in fumonisin toxicity and carcinogenicity in animal 
models.

The development of mice lacking ceramide synthase 2 has led to a 
better understanding of how decreased ceramide biosynthesis and increased 
sphinganine are involved in the development of liver lesions, liver cancer, 
mitochondrial dysfunction, increased oxidative stress and biochemical/structural 
changes in membranes (16–20). The Committee concluded that these findings 
provide additional mechanistic support for involvement of disrupted sphingolipid 
metabolism in the FB1-induced increased oxidative damage to lipids, proteins 
and DNA, liver damage and liver cancer.
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Toxicological studies
In the previous evaluations, the Committee concluded that FB1 was not acutely 
toxic. There have been no new acute toxicity studies reported since 2011.

Since 2011, three short-term rat studies have been conducted with 
purified FB1. None of these studies was a dose–response feeding study (6, 21, 22). 

In addition, the Committee reviewed the 2012 study by Bondy et al. (23), 
which is the final report of the short-term study with purified FB1 in mice that 
was provided to the Committee in 2011 as a preliminary report of unpublished 
data (4). In the study, the effects of dietary FB1 exposure on the mouse liver 
were characterized after 26 weeks of exposure to 0, 5, 50 or 150 mg FB1/kg 
diet. Comparison of the incidence of and pathology scores for megalocytic 
(karyocytomegalic) hepatocytes and apoptosis in the preliminary and final 
reports showed slight differences in the incidence data due to the addition of 
four mice: one additional mouse in the control group (0 mg/kg bw per day), 
one additional mouse in the low-dose group (0.4 mg/kg bw per day) and two 
additional mice in the high-dose group (12 mg/kg bw per day). There was also 
one mouse in the mid-dose group (4 mg/kg bw per day) for which the pathology 
score was adjusted from zero to one. The Committee concluded that these slight 
differences ((4) vs (23)) would not change the overall toxicological assessment 
performed by the previous Committee.

Other short-term toxicity studies have been conducted using fumonisin 
obtained from a variety of sources and are described briefly below, but they are 
not further considered in the assessment owing to poor characterization of the 
test material or other study limitations.

One study in mice involved only one high dose level of FB1 of unspecified 
purity (24), and the other mouse study used repeated intraperitoneal injection 
of a partially purified fumonisin preparation (25). A single dose level feeding 
study in male rats used F. verticillioides culture material (26), and another feeding 
study in male rats used culture material diets at high dose levels (50, 100 or 200 
mg FB1/kg diet) (27). In a third rat study, male rats were fed diets containing FB1 
prepared from maize naturally contaminated with fumonisins at 0.22, 1.8, 3.6 or 
4.2 mg FB1/kg diet (28). Two studies were conducted in pigs using fungal culture 
material or partially purified fumonisins. One of the studies was a multi-dose 
feeding study (0, 3, 6 or 9 mg FB1/kg diet) (29); the diets were prepared using F. 
verticillioides culture material. The other study in pigs involved only a single dose 
level of partially purified fumonisins (30). 

The studies conducted on genotoxicity since 2011 support the conclusions 
of the 2001 and 2011 evaluations with regards to the lack of evidence for 
fumonisin-induced DNA damage being a consequence of direct interaction with 
DNA or metabolism to a DNA-reactive metabolite. The more recent studies also 
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suggest that the source of reactive oxygen species is disruption of mitochondrial 
integrity (19, 20, 31). The Committee concluded that the weight of the evidence is 
that fumonisins are not DNA reactive, nor are they metabolized to DNA-reactive 
metabolites, but increased oxidative stress may play a role in the DNA damage 
observed in some in vivo studies.

Since 2011, there has been one oral gavage dose–response developmental 
toxicity study in mice (n = 2–4 per dose group) using pure FB1 (0, 5, 10, 15, 25 
and 50 mg/kg bw per day), which showed the induction of neural tube defects at 
all doses greater than 5 mg/kg bw per day (7). 

Another study in mice found that intragastric intubation of pure FB1 at 
12.5 mg/kg bw per day induced neural tube defects in the litters from four of 
seven treated dams (32). 

In a study in rats (n = 2 or 3 per dose group) fed methyl donor–sufficient 
or methyl donor–deficient diets for 30 days with and without oral gavage of 0.004 
mg FB1/kg bw per day and then mated and fed the same diets plus 0.004 mg FB1/
kg bw per day for an additional 30 days, FB1-only treatment and FB1-plus methyl 
donor–deficient diet treatment were associated with a multitude of changes, 
including histone modifications in the fetal livers (33). In addition, several in vitro 
studies have shown that fumonisins can cause epigenetic effects and subsequent 
effects on gene expression that might alter the risk of disease (34–36).

In 2011, the Committee considered the effects on the immune system 
to be relevant to the risk assessment; however, all of the studies were performed 
using single doses. Since 2011, there have been additional in vivo studies 
documenting the immunotoxic effects of fumonisins, and in particular the ability 
to alter the response to infectious agents. Only one study was done using pure 
FB1, and that study used subcutaneous injection in mice (37). There were also 
six in vivo studies in pigs. One study used intragastric gavage of F. verticillioides 
culture material extracts (38), and four other studies used F. verticillioides culture 
material extracts to formulate diets containing FB1, which were fed to pigs at a 
single dose level (39–42). In the last pig study evaluated, naturally contaminated 
maize was used to prepare diets containing 12 mg FB1 plus FB2/kg diet in order 
to investigate their effects on pigs co-exposed to Salmonella enterica, with mostly 
negative results (43). 

In previous evaluations, the most notable neurological effect of fumonisin 
was the induction of equine leukoencephalomalacia, a disease believed to be the 
result of vascular dysregulation. Since the last evaluation, there have been only 
a few studies investigating the potential neurotoxicity of fumonisin. In mice, a 
single intraperitoneal injection of 8 mg pure FB1/kg bw sensitized the mice to 
pentylenetetrazol-induced seizures (44). In another study, rats were fed diets 
containing FB1 and FB2 prepared using F. verticillioides culture material at a 
concentration of 0, 1 or 3 mg/kg; effects on the myenteric neurons were observed 
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(45). A study conducted in pigs reported effects on protein content in brain 
regions (46). 

In 2011, there were a large number of in vitro and in vivo studies 
investigating the combined effects of fumonisins and other mycotoxins. In the 
present evaluation, the new co-exposure studies for fumonisins and aflatoxins are 
covered separately (see section 3.7). The studies describing the combined effects 
of in vivo and in vitro co-exposure of fumonisins with mycotoxins other than 
aflatoxins were also evaluated; as in 2011 (Annex 1, reference 206), the current 
evaluation included numerous in vivo and in vitro studies showing a wide range of 
responses suggesting antagonistic, additive and more than additive (synergistic) 
responses. Many of the studies involved only a single dose level of individual 
mycotoxins, and therefore accurate quantitative assessment of interactions was 
not possible. 

In 2011, the Committee noted that the nephrotoxicity of culture material 
was much greater than the nephrotoxicity of pure FB1. No studies have been 
conducted since 2011 that specifically addressed this concern. 

Since 2011, two in vivo feeding studies, one using naturally contaminated 
maize (28) and the other using F. verticillioides culture material (29), produced 
toxicological results in rats and pigs, respectively, consistent with the view that 
pure FB1, naturally contaminated maize containing FB1 and F. verticillioides 
culture material containing FB1 are not toxicologically equivalent. 

The Committee also noted that the reason for the differences in the 
toxicity of pure FB1, culture material containing fumonisins and naturally 
contaminated maize is likely related to differences in the chemical composition 
of the various test agents. For example, before the availability of pure FB1, many 
animal feeding experiments were conducted by incorporating culture material of 
F. verticillioides grown mainly on autoclaved maize kernels. Many studies were 
reported with cultures inoculated with F. moniliforme (now F. verticillioides) 
MRC 826. Although most studies report analytical data for FB1 only, it is now 
known that the processing required to prepare culture material alters not just the 
growth of F. verticillioides, but also the ratios of various secondary metabolites, 
including mycelial proteins and fungal metabolites. Although these metabolites 
would be present in naturally contaminated grains, they would not be present in 
the same relative amounts. Thus, in the Committee’s opinion, although the use 
of F. verticillioides maize culture material has been viewed as representative of 
naturally contaminated maize, they are not the same, and therefore it should not 
be surprising that the toxicological profiles of pure fumonisins, culture material 
containing fumonisins and naturally contaminated maize containing fumonisins 
are different.
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Observations in domestic animals/veterinary toxicology
Since 2011, there have been few available published reports on field disease 
outbreaks in farm and domestic animals involving fumonisin. Nonetheless, farm 
animals are frequently used in studies of fumonisin toxicity because of the fact 
that mycotoxin-contaminated feed is often suspected of being involved in field 
performance problems and the susceptibility of poultry and other farm animals 
to infectious agents. The Committee noted that development of reporting systems 
designed to identify suspected mycotoxin involvement in farm/domestic animal 
disease outbreaks could be informative for identifying areas where the risk for 
mycotoxins as a contributing factor in human diseases may also be increased. 

Observations in humans
Since the last JECFA evaluation, biomarkers of fumonisin exposure have been 
used increasingly to estimate human exposure worldwide. UFB1 is the most 
commonly used biomarker of exposure and has been validated in multiple human 
studies. UFB1 has also been used as a biomarker to evaluate the effectiveness of 
dietary interventions designed to help decrease fumonisin exposure in humans. 
UFB1 is reflective of recent fumonisin exposure, but in areas where maize is a 
dietary staple and exposure is likely to occur at every meal and year-round, UFB1 
levels may be indicative of an individual’s chronic exposure. 

FB1 was found in the urine of exclusively breastfed infants, suggesting that 
human breast milk could be an important source of exposure in young children 
(47). Although previous animal-based data demonstrated an insignificant feed-
to-milk transfer, one study in humans has reported the detection of high levels of 
FB1 in breast milk from Tanzanian women (48). The Committee considered the 
method used in the Magoha et al. (48) study to quantify the FB1 in breast milk to 
be inadequate for this matrix.

In an effort to develop mechanism-based biomarkers of fumonisin, a 
method to quantify phosphorylated sphingoid bases in human blood spots was 
developed based on the fact that red blood cells are the main storage reservoir 
for sphinganine 1-phosphate and sphingosine 1-phosphate (7). A human study 
in Guatemala (49) showed that there was a positive and statistically significant 
correlation between UFB1 (biomarker of exposure) and the blood spot levels 
of sphinganine 1-phosphate and the sphinganine 1-phosphate/sphingosine 
1-phosphate ratio (biomarkers of effect) in humans consuming diets containing 
high levels of fumonisins. For both the sphinganine 1-phosphate/sphingosine 
1-phosphate ratio and the sphinganine 1-phosphate concentration, the first 
statistically significant increases occurred in the UFB1 concentration range of 
>0.5 to <1.0 ng FB1/mL. A UFB1 concentration of 0.5 ng/mL was estimated to be 
equivalent to an exposure of 1.67 µg FB1/kg bw per day. The Committee concluded 
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that these data support the hypothesis that daily exposure to high levels of FB1 is 
likely to result in inhibition of ceramide synthase in humans, similar to what has 
been described in many animal studies. 

A limited number of epidemiological studies have been published since 
the last JECFA evaluation on the associations between fumonisin exposure and 
health outcomes in humans. In an ecological study conducted in the Islamic 
Republic of Iran, FB1 contamination in rice, but not in maize, was associated with 
an increased risk of oesophageal cancer (50). However, the Committee decided 
that no causal relationship could be derived because of the lack of control for other 
risk factors of oesophageal cancer. One nested case–control study investigated 
the contribution of fumonisin exposure to the risk of hepatocellular cancer in 
two cohorts in China, yet a significant association was not found (51). 

Two prospective epidemiological studies were conducted in the United 
Republic of Tanzania investigating the association of mycotoxin exposure and 
childhood growth. In one study, a significant negative association was found 
between UFB1 and the length-for-age z-score and length velocity among young 
children followed up until 6–14 months of age (52). In the other study, exposure 
to fumonisin from maize-based foods, either alone or together with aflatoxin, was 
not significantly associated with stunting or underweight among infants followed 
up until 5 months of age (53). However, the result of this study was compromised 
by low statistical power and the limitation of exposure characterization. 

Levels and patterns of contamination in food 
Data since the last assessment of fumonisins during the seventy-fourth meeting of 
the Committee in 2011 (Annex 1, reference 206) were included with information 
collated from two sources. First, the GEMS/Food contaminants database was 
screened for fumonisin data (FB1, FB2, FB3 and total fumonisins) submitted from 
January 2011 until August 2016; second, a literature search was conducted on 
fumonisin occurrence data published during the same time period. The data 
set from the GEMS/Food contaminants database contained 56 707 records and 
included samples collected from 2000 to 2016. The majority of records were for 
FB1 and FB2 (25 148 and 19 990, respectively), with a smaller data set for FB3 and 
total fumonisins (8164 and 3405, respectively). Data for total fumonisins were 
calculated based on the sum of FB1, FB2 and FB3 (7580 samples). The distribution 
of total fumonisins (FB1, FB2 and FB3) across the food categories was similar to 
that of FB1. The overall ratio between the three fumonisins was 68:20:12.

The majority of samples were cereals and cereal products (approximately 
80%), and the highest occurrence and highest concentrations were detected in 
samples of cereals and cereal-based products and the other food categories that 
may contain cereals. Of the cereals and cereal-based products, maize and maize-
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based products had the highest occurrence and mean concentrations of FB1. 
For maize samples, the occurrence above the LOQ was close to 50%, with an LB 
mean of 310 μg/kg, an UB mean of 392 μg/kg and a maximum of 23 800 μg/kg. 
The data originated predominantly from Europe, followed by Canada and Japan. 
Higher mean concentrations of FB1 were reported for maize and maize products 
in the literature from Africa, South America and other countries in the Western 
Pacific Region (54–57).

Sorghum had intermediate levels of FB1 occurrence (12% above LOQ) 
and concentration (LB mean 31 µg/kg), whereas all other cereal grains had a 
much lower occurrence (<5%) and LB means below 3 μg/kg. However, wheat, 
barley and oats all had maximum concentrations between 500 and 1000 μg/kg, 
indicating that higher concentrations can occasionally occur in these cereals. 

The non-cereal-based category samples contained predominantly 
undetectable or low concentrations of FB1; this corresponded to results within 
the published literature. FB1 was undetectable (LOQ 30–67 μg/kg) in milk and 
dairy products and rarely detected in meat and meat products (occurrence 2.6% 
[LOQ 5–33 μg/kg] and LB mean 3.1 μg/kg), indicating that transfer into animal 
products is negligible. This is in agreement with the previous assessment of 
the Committee at its seventy-fourth meeting in 2011 (Annex 1, reference 206). 
Consequently, an evaluation of the occurrence of fumonisins in feed was not 
conducted at the current meeting. 

Overall, the estimated global means from the GEMS/Food contaminants 
database reported here are lower than those in the Committee’s previous 
assessment in 2011 (Annex 1, reference 206). For example, the global FB1 LB 
mean reported in this evaluation for maize is 310 µg/kg, compared with 1237 µg/
kg in 2011. It is not possible to directly compare the data sets, as there is evidence 
that differences observed are largely due to a major shift in the geographical 
distribution of reported samples. 

Fumonisins exist in various forms within food, such as hydrolysed and 
matrix-bound forms. The partially and fully hydrolysed forms of fumonisins are 
usually present as a low proportion of the parent fumonisins. Fumonisins can 
also be non-covalently bound with proteins and complex carbohydrates. Previous 
studies have shown that the level of bound fumonisins is usually higher than the 
level of the free forms, with one study reporting that the ratio of bound to free 
fumonisins for maize products varied from 0.06 to 25, with a mean ratio of 3 (58). 
There are limited data on the occurrence of bound fumonisins in different cereals, 
the impact of processing on these bound mycotoxins and their bioavailability 
after consumption.
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Food consumption and dietary exposure estimates
The Committee evaluated the chronic dietary exposure to FB1 and total fumonisins 
(FB1 + FB2 + FB3). For this, it reviewed a number of national evaluations of dietary 
exposure to fumonisins that have been published since its last evaluation of 
fumonisins at its seventy-fourth meeting in 2011. Additionally, the Committee 
also estimated the dietary exposure to fumonisins based on occurrence data 
submitted to the GEMS/Food contaminants database combined with food 
consumption data from either the GEMS/Food cluster diets (international 
estimates) or the FAO/WHO CIFOCOss database (national estimates). 

The Committee considered national evaluations performed by Brazil, 
China (including Hong Kong Special Administrative Region), France, Guatemala, 
Japan, Malawi, the Netherlands, Portugal, Republic of Korea, Spain, United 
Republic of Tanzania, Viet Nam and Zimbabwe. In these studies, the mean 
exposure to FB1 and total fumonisins in European countries was generally below 
250 ng/kg bw per day. High exposures to FB1 were reported for Zimbabwe (59) 
and China (60), with a maximum of 7700 ng/kg bw per day for adults living in 
the rural province of Huaian. For total fumonisins, the highest mean exposures 
were reported in Malawi, ranging from 3000 to 15 000 ng/kg bw per day (61). 
No mean concentrations of total fumonisins were reported in the Malawi study. 
Based on the per capita consumption of 368 g of maize and an adult body weight 
of 60 kg used in the study to calculate the exposure, the Committee calculated a 
mean concentration of 2400 µg/kg to obtain the highest reported exposure level 
of 15 000 ng/kg bw per day. This concentration is a factor of 6 higher than the 
highest UB mean concentration reported in the occurrence data for maize from 
the GEMS/Food contaminants database. The authors observed that if maize was 
considered to be consumed after dehulling, the dietary exposure would drop by a 
factor of 3 or even greater (61). Owing to the large differences in foods included 
in the published assessments, ranging from only one food (e.g. only maize or 
coffee) to the whole diet, and differences in methodologies used to assess the 
exposure (e.g. per capita consumption or individual food consumption data), it 
is not possible to compare the exposures between the studies.

The Committee subsequently estimated national exposures to FB1 and 
total fumonisins from all food sources using national food consumption data 
available from the CIFOCOss database combined with FB1 and total fumonisins 
data submitted to the GEMS/Food contaminants database from January 2011 
until August 2016. WHO region-specific LB and UB mean concentrations were 
calculated per food (group). To map the concentration data to the foods recorded 
in the CIFOCOss database, the countries present in the CIFOCOss database were 
grouped according to WHO region. Exposures were corrected for individual body 
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weights. To assess potential high exposure, the mean exposures were multiplied 
by a factor of 2. This factor approximates the 90th percentile of exposure (62).

The highest national exposures to FB1 and total fumonisins were observed 
in the youngest age groups. In the LB scenario, the highest mean exposure to FB1 
and total fumonisins was observed in the group “other children” (3–9 years) from 
Greece, at 800 and 1200 ng/kg bw per day, respectively. The UB mean exposure 
estimate for FB1 was highest in toddlers (1–2 years) from Italy, at 2000 ng/kg bw per 
day, whereas the UB mean exposure estimate for total fumonisins was highest in 
toddlers from Germany, at 3200 ng/kg bw per day (Table 5). For the high national 
exposure estimates for children and adults, see Table 5. Major contributors to 
the LB mean exposures to both FB1 and total fumonisins were the food groups 
“cakes, cookies and pies”, “cereal-based composite foods” and “cereal grains (non-
specified)”. Focusing only on infants and toddlers, the food group “foods for infants 
and small children” was also a relevant contributor to the LB mean exposure. 

Table 5
Summary of the mean and high (90th percentile) national and international estimates of 
chronic dietary exposure to FB1 and total fumonisins (FB1 + FB2 + FB3) calculated by the 
Committee

Type of estimation and 
populationa

Exposure (ng/kg bw per day)

FB1 Total fumonisins

Mean High Mean High

LBb UBb LB UB LB UB LB UB

National estimates
   Children 0–800 180–2 000 0–1 600 360–3 900 0–1 200 270–3 200 0–2 300 530–6 400
   Adults 17–470 140–910 34–950 280–1 800 22–640 210–1 300 45–1 300 420–2 500
International estimates
   Adults 2–560 300–1 200 5–1 100 610–2 300 13–820 440–2 100 25–1 600 880–4 300

a For the purpose of the summary table, “children” were taken to be any population group described as infants, toddlers, children or adolescents. “Adults” were taken to 
be any population group described as adults, elderly or very elderly. All estimates were rounded.

b  The LB estimates were derived by substituting zero for analytical results below the LOD/LOQ when calculating mean concentration values. The UB estimate was 
derived by substituting the value of the LOQ for analytical results below the LOD/LOQ.

The Committee also calculated international exposure estimates for FB1 
and total fumonisins from all dietary sources using the same occurrence data 
mapped to food consumption data of the 17 GEMS/Food cluster diets. For this, 
LB and UB mean fumonisin concentrations per food (group) were calculated per 
cluster and across all clusters. The international LB mean exposure estimates for 
FB1 and total fumonisins ranged from 2 ng/kg bw per day (cluster G09; mainly 



66

Joint FAO/WHO Expert Committee on Food Additives   Eighty-third report 
W

H
O

 T
ec

hn
ic

al
 R

ep
or

t S
er

ie
s, 

N
o.

 1
00

2,
 2

01
7

East Asian countries) to 560 ng/kg bw per day (cluster G05: mainly South and 
Central America) and from 13 ng/kg bw per day (cluster G09) to 820 ng/kg bw 
per day (cluster  G05), respectively (Table 5). The highest UB mean exposure 
estimates for FB1 and total fumonisins were observed in cluster G15 (European 
countries): 1200 and 2100 ng/kg bw per day, respectively. The high exposures, 
estimated by multiplying the mean exposures by a factor of 2, are listed in Table 
5. In the LB scenario, maize contributed more than 60% to the international 
exposure to FB1 and total fumonisins in all clusters except two, owing to a low 
concentration in maize (cluster G09) or a low consumption of maize (cluster G11; 
Belgium and the Netherlands). In this last cluster, wheat contributed 95% of the 
fumonisin exposure. In the UB scenario, wheat was also an important source of 
exposure in additional clusters.

The national and international exposures estimated by the Committee 
according to the UB scenario should be interpreted with care. Of the data 
considered in the exposure assessment for FB1, 74% (n = 18 157) of the samples 
were reported to contain FB1 below the LOD or LOQ. Because of this, the UB 
exposure estimates may be considered as worst-case estimates based on the data 
available to the Committee for the exposure assessment. Also, the high LOQs 
reported in the database contributed to this overestimation. For France and 
the Netherlands, recent national exposure estimates were available from the 
public literature covering a wide range of dietary sources (63, 64), which used 
(partly) the same underlying consumption data from the CIFOCOss database. 
These national estimates were considerably lower than those estimated by the 
Committee in the LB scenario. The reported LB mean FB1 exposure in children 
from France was 15.5  ng/kg bw per day, compared with 130–240  ng/kg bw 
per day estimated by the Committee. For the Netherlands, the corresponding 
estimates in children were 0 and 150–180 ng/kg bw per day, respectively. For 
total fumonisins, the estimated LB mean exposure in Dutch children was 0 ng/
kg bw per day in the national study, compared with 220–250 ng/kg bw per day 
as calculated by the Committee. In the French study, no exposure estimates for 
total fumonisins were reported (63). These differences in exposure were due to 
higher levels of fumonisins in the GEMS/Food contaminants database compared 
with those used in the national studies. Furthermore, foods as recorded in the 
food consumption databases were analysed for fumonisins in these studies. This 
allowed for a more precise mapping of foods consumed to those analysed than 
was possible with the data available to the Committee. These foods were also, if 
relevant, prepared as consumed before analysis. The effect of processing on the 
levels of fumonisins in food was reviewed during the seventy-fourth meeting of 
the Committee (Annex 1, reference 206). The Committee concluded that thermal 
heating may result in a reduction of fumonisin levels in heated food. However, the 
Committee also observed that the results from the different studies were variable 
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and that further studies were required to determine the fate of fumonisins and 
their reactions in heated food. In contrast, the data in the two national studies 
were collected during a limited period of time: June 2007 to January 2009 in the 
French study (65) and the autumn/winter period of 2013 in the Dutch study (66). 
Mycotoxin levels have a high seasonal and annual variation, as they are highly 
dependent on climatic conditions. It is therefore uncertain how well the national 
estimates represent the exposure to fumonisins over a longer period of time. In 
the assessment of the Committee, a more extended period of data sampling was 
covered, including the years 2000–2014 for the WHO European Region. 

At the seventy-fourth meeting of the Committee in 2011, the exposure 
to FB1 and total fumonisins was also estimated using the GEMS/Food cluster 
diets combined with concentration data from the GEMS/Food contaminants 
database (Annex 1, reference 206). The LB mean estimated exposures to FB1 
ranged from 100 to 6100 ng/kg bw per day. Corresponding estimates for total 
fumonisins were 200–8200 ng/kg bw per day. The current exposure estimations 
tended to be lower: 2–560 ng/kg bw per day for FB1 and 13–820 ng/kg bw per 
day for total fumonisins (Table 5), despite the fact that processed foods were also 
included in the current assessment. In both assessments, maize contributed the 
most to the exposure. Comparing the mean FB1 levels in this food showed that 
the levels used in the present assessment were lower than those used in 2011: 270 
µg/kg (average of maize, maize flour and maize meal) compared with 1237 µg/
kg. For total fumonisins, the levels were 360 and 1651 µg/kg, respectively. In the 
present assessment, the maize samples used from the GEMS/Food contaminants 
database were from Canada, Brazil, Japan, China (including Hong Kong Special 
Administrative Region), Republic of Korea, Singapore, USA and 19 countries 
belonging to the WHO European Region. No maize data were available from 
countries belonging to the African, Eastern Mediterranean or South-East Asia 
regions. In 2011, very high levels of FB1 and total fumonisins were reported for 
the regional clusters A and G: LB mean FB1 levels were 4322 and 2971 µg/kg, 
and LB mean total fumonisin levels were 5921 and 4071  µg/kg, respectively. 
Countries belonging to these regional clusters belonged to the African (cluster 
A) and the South-East Asia (cluster G) WHO regions. It can therefore not be 
ruled out that owing to the absence of information on FB1 and total fumonisin 
levels in maize from countries belonging to these two regions, some national 
exposures may have been underestimated, as well as the current international 
estimates for the clusters that represent these regions, such as G01, G03, G04 and 
G13. In 2014, as a result of the fumonisin exposure assessment of the Committee 
at its seventy-fourth meeting, MLs of fumonisins (FB1 + FB2) in maize and maize 
flour/meal were set by the Codex Alimentarius Commission at 4000 and 2000 µg/
kg, respectively. It is not possible with the current data set to determine whether 
these MLs have already resulted in a decrease in fumonisin levels and thus 
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contributed to the lower exposure estimates. At the 2011 meeting, no exposure 
to FB1 and total fumonisins was estimated based on national food consumption 
data as available in the CIFOCOss database. 

The Committee concluded, based on the calculated national and 
international exposure estimates (Table 5), that the LB mean and high (90th 
percentile) chronic FB1 exposures in adults were maximally 0.56 and 1.1  µg/
kg bw per day, respectively. For total fumonisins, the corresponding exposure 
estimates were 0.82 and 1.6 µg/kg bw per day (Table 5). Given the uncertainty 
regarding the large percentage (around 70%) of samples with a fumonisin level 
below the LOD or LOQ (so-called “non-detect” samples), the UB mean and high 
exposures were estimated to be as high as 1.2 and 2.3 µg/kg bw per day for FB1 
and 2.1 and 4.3 µg/kg bw per day for total fumonisins, respectively. In children, 
the LB mean and high chronic FB1 exposures were maximally 0.8 and 1.6 µg/kg 
bw per day, and for total fumonisins, maximally 1.2 and 2.3 µg/kg bw per day, 
respectively. In this population group, the UB mean and high exposures were 
estimated to be as high as 2.0 and 3.9 µg/kg bw per day for FB1 and 3.2 and 6.4 
µg/kg bw per day for total fumonisins, respectively. Because of the absence of 
information on fumonisin levels in maize of countries belonging to the African, 
Eastern Mediterranean and South-East Asia regions in the current assessment, 
the national and international exposures related to these regions may have been 
underestimated. Maize is the predominant source of LB exposure to FB1 and total 
fumonisins in most cluster diets. In the UB scenario, wheat was also an important 
contributor to the exposure to fumonisins in some clusters.

Dose–response analysis
The Committee reviewed the previous dose–response analysis in light of the 
updated Bondy et al. (23) study and confirmed the previous analysis. 

Evaluation
The Committee reaffirmed the conclusions of the seventy-fourth meeting that 
fumonisins are associated with a wide range of toxic effects, and the liver and 
kidney are the most sensitive target organs. The Committee reviewed the studies 
that have become available since the 2011 evaluation and concluded that the 2010 
study by Bondy et al. (4), subsequently updated in 2012 (23), remained the most 
relevant for the evaluation. The Committee evaluated the updated Bondy et al. 
(23) data and concluded that they would not change the overall toxicological 
assessment performed previously by the Committee. Thus, the established group 
PMTDI of 2 µg/kg bw for FB1, FB2 and FB3, alone or in combination, was retained 
by the current Committee. 
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The Committee noted the paucity of new data on the occurrence of 
fumonisins in food submitted to the GEMS/Food contaminants database since 
2011 by all WHO regions except for Europe, as opposed to the data used in the 
previous evaluation (2011). Owing to these differences in the data sets between 
2011 and the current evaluation, a direct comparison was not possible. 

The Committee noted that there are limited data on the occurrence of 
bound fumonisins in different cereals, the impact of processing on these bound 
mycotoxins and their bioavailability after consumption.

LB mean and high (90th percentile) chronic FB1 exposures in adults were 
maximally 0.56 and 1.1 µg/kg bw per day, respectively. For total fumonisins, the 
corresponding exposure estimates were 0.82 and 1.6 µg/kg bw per day. The UB 
mean and high exposures were estimated to be as high as 1.2 and 2.3 µg/kg bw 
per day for FB1, respectively, and as high as 2.1 and 4.3 µg/kg bw per day for 
total fumonisins, respectively. In children, the LB mean and high chronic FB1 
exposures were maximally 0.8 and 1.6  µg/kg bw per day, respectively, and for 
total fumonisins, maximally 1.2 and 2.3 µg/kg bw per day, respectively. In this 
population group, the UB mean and high exposures were estimated to be as high 
as 2.0 and 3.9 µg/kg bw per day for FB1, respectively, and as high as 3.2 and 6.4 
µg/kg bw per day for total fumonisins, respectively. Maize is the predominant 
source of LB exposure to FB1 and total fumonisins in most cluster diets. In the UB 
scenario, wheat was also an important contributor to the exposure to fumonisins 
in some clusters.

Comparison of the estimates of exposure to FB1 and total fumonisins 
with the group PMTDI indicates that the group PMTDI was not exceeded at 
the LB mean exposure level in both children and adults. Assuming that all non-
detect samples contained fumonisin at the LOQ, the UB mean exposure to total 
fumonisins in children exceeded the PMTDI in several countries. This was also 
true for the high (90th percentile) exposure, independent of the fumonisin 
concentration assigned to the non-detect samples. For adults, only the UB high 
exposure exceeded the PMTDI. The Committee noted that, owing to the high 
percentage of non-detect samples in the concentration database (around 70%) 
and the wide range of LOQs reported in the GEMS/Food contaminants database 
for fumonisins, the UB estimates may be interpreted as a worst-case estimate of 
exposure based on the data available. 

The Committee noted that the international exposure estimates for FB1 
and total fumonisins were lower than those estimated by the Committee at its 
seventy-fourth meeting in 2011. In the current assessment, a larger part of the 
occurrence data was from countries belonging to the WHO European Region 
compared with 2011, resulting in lower overall fumonisin levels in maize. In the 
current assessment, no information on fumonisin levels in maize was available 
from countries belonging to the African, Eastern Mediterranean or South-East 
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Asia regions, where higher fumonisin concentrations are typically detected. 
Given these limitations of the occurrence data used in the exposure assessment 
and high exposures reported in the literature in some countries, it is likely that 
the exposures to fumonisins in areas where maize is a staple food and high 
contamination with fumonisins can occur are higher than those estimated by the 
Committee at this meeting, as can be seen in the previous evaluation, which was 
based on a larger and more representative data set. 
 Co-exposure of fumonisins with aflatoxins is covered separately (see 
section 3.7).

Recommendations
The Committee noted the need for data on FB1 in breast milk using analytical 
methods with appropriate specificity and sensitivity in order to further evaluate 
this potential exposure route. 
 The Committee recommended that exposure to fumonisins be reduced, 
particularly in areas where maize is the major dietary staple food and where high 
contamination can occur.
 The Committee advises the development of surveillance programmes for 
regions for which little current information on occurrence of fumonisins in the 
GEMS/Food contaminants database exists, carefully considering the impact of 
these programmes on food security. The Committee recommended that these 
countries be encouraged to submit fumonisin concentration data to the GEMS/
Food contaminants database. 
 The Committee recommended that countries be encouraged to analyse 
fumonisins in food samples using analytical methods with appropriate sensitivity 
to reduce the uncertainty in the exposure assessment, especially for maize and 
wheat.
 The Committee recommends that additional studies be conducted to 
better understand the occurrence of bound fumonisins in different cereals, the 
impact of processing on these bound mycotoxins and their bioavailability after 
consumption.

 A monograph addendum was prepared. 
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3.4  Glycidyl esters 

Explanation
Glycidyl esters are processing-induced contaminants primarily found in refined 
fats and oils and foods containing fats and oils. Initial research related to glycidyl 
esters was largely performed as part of the investigation into 3-MCPD esters. 
During MCPD ester analysis, variable MCPD concentrations were obtained, 
leading to a proposal that additional compounds were present in edible oils and 
converted to 3-MCPD during sample analysis (1). The presence of additional 
processing-induced contaminants, glycidyl esters, in refined edible oils was 
later confirmed. Initially, it was assumed that 3-MCPD esters and glycidyl esters 
were formed by similar processes, but it is now known that their mechanisms 
of formation are different, with glycidyl ester formation directly associated with 
elevated temperatures (>240  °C) and time at these elevated temperatures (2). 
Glycidyl esters are generally formed from diacylglycerols, with no requirement 
for the presence of chlorinated compounds. Formation of glycidyl esters occurs 
following intramolecular rearrangement, elimination of a fatty acid and epoxide 
formation (Fig. 5). 

Fig. 5
Glycidyl monoester with examples of fatty acid chains: i) lauric acid, ii) stearic acid and iii) 
linoleic acid

 

Examples of possible R groups (fatty acid chains)
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Glycidyl esters have not been evaluated previously by the Committee. 
The present evaluation was conducted in response to a request from CCCF for a 
full evaluation for glycidyl esters. 

A comprehensive search of peer-reviewed literature was conducted in 
PubMed (toxicological) and Scopus (occurrence) for glycidyl esters and glycidol, 
taking the recent opinion by EFSA (3) into consideration, as well as secondary 
literature (reports and reviews). Only recent occurrence data (2012–2016) were 
evaluated, as there has been considerable improvement in the analysis of glycidyl 
esters and as changes in oil processing have led to a decrease in the levels of glycidyl 
esters in the finished oils. Data generated prior to this date were considered less 
reliable and few in number. 

Biochemical aspects
Glycidyl esters
Seven glycidyl esters (glycidyl laurate, myristate, palmitate, stearate, oleate, 
linoleate and linolenate) were shown to be rapidly (within 15 minutes) and 
fully hydrolysed by lipase from Aspergillus niger in a static in vitro system with 
gastric electrolyte solution at pH 4.8. In a dynamic gastrointestinal tract model 
simulating the different gastrointestinal compartments, the efficient degradation 
of the seven different glycidyl esters was confirmed using milk as a food matrix. 
It was shown for deuterated glycidyl oleate and glycidyl palmitate that the major 
hydrolysis product was glycidol (92%). The chain length of the fatty acids (12–18 
carbons) did not have a significant impact on kinetics (4).

Following dosing of male rats with [2-14C]glycidyl palmitate by gavage 
at a single dose of 209.4 mg/kg bw, tissue distribution and excretion were 
investigated. Seven days after dosing, 41.3% of the 14C activity had been excreted 
in urine, 32.9% in expired air and 21.6% in faeces; 9.1% remained in tissues and 
organs. The highest concentrations of retained radiolabel were in liver, skeletal 
muscle, bone and erythrocytes 24 hours and 7 days after administration (5).

Male rats that had received a single equimolar dose of glycidol 
(50 mg/kg bw) or glycidyl palmitate (209.4 mg/kg bw) by gavage showed 
similar concentrations of the glycidol-derived haemoglobin adduct N-(1,2-
dihydroxypropyl)valine in blood. Although the same steady-state level of 
haemoglobin adducts was seen for both substances, the level was reached for 
glycidyl palmitate with a delay of approximately 4–8 hours compared with 
glycidol. Concentrations of 2,3-dihydroxypropyl mercapturic acid excreted in 
urine were also similar for both substances at the three sampling time points (0–8 
hours, 8–24 hours, 24–48 hours), reaching a recovery of approximately 14% of 
the dose as 2,3-dihydroxypropyl mercapturic acid 48 hours after administration. 
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Based on the measurements of these two biomarkers, the authors concluded that 
glycidyl palmitate was rapidly and efficiently hydrolysed to glycidol (5). 

Male rats and male cynomolgus monkeys were administered a single 
gavage or intravenous dose of glycidol (75 mg/kg bw) or a single equimolar 
gavage dose of glycidyl linoleate (341 mg/kg bw), and glycidol concentrations in 
plasma were monitored (for 24 hours in rats, 96 hours in cynomolgus monkeys). 
Glycidyl linoleate was not detectable in either species at any sampling time point. 
In the rat, maximum glycidol concentrations in plasma were reached 15–30 
minutes after oral dosing, and concentrations were non-detectable after 24 hours 
for both substances. Similar blood kinetics for glycidol were observed for the 
administered glycidyl linoleate compared with glycidol in rats. In cynomolgus 
monkeys, the area under the concentration–time curve (AUC) for glycidol in 
plasma was only 56% following orally administered glycidyl linoleate compared 
with glycidol. Times to reach maximum blood values (Cmax) were 4 times longer 
in cynomolgus monkeys than in rats, whereas Cmax values after oral dosing of 
glycidol and glycidyl linoleate were also significantly reduced for cynomolgus 
monkeys compared with rats (factor of 4 for glycidol and factor of 17 for glycidyl 
linoleate). Although only a small number of cynomolgus monkeys were available 
at each sampling point (n = 3) and only “free” glycidol was measured in blood, 
the authors suggest that the pharmacokinetic differences between rats and 
cynomolgus monkeys might be attributable to differences in lingual or gastric 
lipase activity, stomach pH or epoxide metabolism (6).

In conclusion, glycidyl esters are efficiently hydrolysed in rats following 
oral dosing, resulting in the release of free glycidol. For cynomolgus monkeys, 
hydrolysis of glycidyl esters in the gastrointestinal tract is also evident, but 
to a lesser extent compared with rats. There are no human studies currently 
available describing the hydrolysis of glycidyl esters. Based on the results from 
in vitro gastrointestinal tract simulation models and in vivo evidence in rats, the 
Committee concluded that substantial hydrolysis of glycidyl esters to glycidol 
is likely to occur in the gastrointestinal tract. For the purpose of the current 
assessment, complete hydrolysis of the glycidyl esters is assumed.

Glycidol
Approximately 87–92% of orally administered [1,3-14C]glycidol was absorbed 
from the gastrointestinal tract of male rats administered a single oral dose (gavage) 
of 37.5 or 75 mg/kg bw. Similar disposition kinetics were observed for oral and 
intravenous dosing, with 40–48% of the radioactivity excreted in urine, 5–12% 
in faeces, 26–32% exhaled as carbon dioxide and 7–8% retained in tissues within 
72 hours (9–12% within 24 hours) after administration; highest concentrations 



77

Contaminants

of radioactivity were in blood cells, thyroid, liver, kidney and spleen. Fifteen 
different metabolites were detected in urine, but not further identified (7).
 In the previously described study by Wakabayashi et al. (6), absolute 
systemic bioavailability of glycidol was estimated as 69% in rats and 34% in 
cynomolgus monkeys, respectively. 
 Glycidol has been shown to be conjugated with glutathione and 
excreted in urine of rats and mice as S-(2,3-dihydroxypropyl)cysteine and 
2,3-dihydroxypropyl mercapturic acid (8). In vitro investigations with rat liver 
and pulmonary microsomes have demonstrated that glycidol can be conjugated 
with glutathione or hydrolysed to form glycerol. The formation of glycerol from 
glycidol is catalysed by epoxide hydrolases (8, 9).

Human and rat blood samples were incubated with varying 
concentrations of glycidol for 1 hour at 37 °C, and a dose-dependent formation 
of N-(1,2-dihydroxypropyl)valine haemoglobin adducts was observed, with no 
significant species differences (10).

Rats received a single oral dose of glycidol (4.92–75 mg/kg bw), and whole 
blood was analysed for N-(1,2-dihydroxypropyl)valine haemoglobin adducts 24 
hours after dosing. A dose-dependent increase in N-(1,2-dihydroxypropyl)valine 
levels was observed, which was statistically significantly different from control 
levels in all dose groups (10).

Toxicological studies
Glycidyl esters
No oral repeated-dose toxicity studies in rodents administered glycidyl esters 
were identified. The only available study is on various genotoxicity end-points 
using glycidyl linoleate in comparison with glycidol, which indicates that this 
ester is less genotoxic than glycidol. Although glycidol was positive in vitro in 
all tested bacterial strains (Salmonella typhimurium TA98, TA100, TA1535 and 
TA1537 and Escherichia coli WP2uvrA, with and without metabolic activation), 
glycidyl linoleate tested positive only in strains TA100 and TA1535 with and 
without metabolic activation and in E. coli WP2uvrA with metabolic activation. 
In the in vitro chromosomal aberration test with Chinese hamster lung cells, 
glycidol induced structural aberrations but no numerical aberrations, whereas 
glycidyl linoleate was negative for both end-points. When tested in vivo, neither 
substance induced micronuclei in the bone marrow of mice (11).

Glycidol
The oral LD50 of glycidol is 450 mg/kg bw in mice and 420–850 mg/kg bw in rats 
(12–14).
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In oral short-term toxicity studies with mice and rats, significantly reduced 
sperm count and reduced sperm motility were observed at doses of 53.6 mg/kg 
bw per day and higher in mice and at doses at and above the lowest tested dose 
of 17.9 mg/kg bw per day in rats (doses adjusted to 7 days/week dosing). Effects 
at higher doses (generally above 100 or 200 mg/kg bw per day; doses adjusted to 
7 days/week dosing) included effects on kidney (tubule degeneration) and brain 
(demyelination in medulla and thalamus and/or necrosis in the cerebellum) in 
both species, as well as testicular atrophy in rats (15).

In oral long-term studies on toxicity and carcinogenicity in mice and 
rats, glycidol induced tumours in various tissues in both sexes at doses equal 
to and greater than the lowest tested doses of 17.9 and 26.8 mg/kg bw per day 
for mice and rats, respectively (doses adjusted to 7 days/week dosing) (15). The 
United States National Toxicology Program (NTP) (15) concluded that there 
was “clear evidence for carcinogenic activity” in male mice based on increased 
incidences of neoplasms of the Harderian gland, forestomach, skin, liver and 
lung, and in female mice based on increased incidences of neoplasms of the 
Harderian gland, mammary gland, uterus, subcutaneous tissue and skin. In rats, 
the NTP (15) concluded that there was “clear evidence of carcinogenic activity” in 
male rats based on increased incidences of mesotheliomas of the tunica vaginalis, 
fibroadenomas of the mammary gland, gliomas of the brain and neoplasms of 
the forestomach, intestine, skin, Zymbal gland and thyroid gland, and in female 
rats for increased incidences of fibroadenomas and adenosarcomas (now termed 
carcinosarcoma) of the mammary gland, gliomas of the brain, neoplasms of 
the oral mucosa, forestomach, clitoral gland and thyroid gland and leukaemia. 
Glycidol administered orally (17.9–142.9 mg/kg bw per day, doses adjusted to 
7 days/week dosing) for 40 weeks to transgenic p16Ink4a/p19Arf mice induced 
increased incidences of histiocytic sarcomas and alveolar/bronchiolar adenoma 
(16), in contrast to another transgenic mouse strain (p53+/− mice), in which no 
tumours were reported after 6 months of oral administration of glycidol at 25–50 
mg/kg bw per day (17).

Glycidol was clearly genotoxic in vitro in many bacterial and mammalian 
cell assays on mutagenicity with and without an exogenous metabolic system 
and induced sex-linked recessive lethal mutations and heritable translocations 
in Drosophila melanogaster, sister chromatid exchanges and chromosomal 
aberrations in Chinese hamster cells, DNA strand breaks in Chinese hamster 
ovary cells, rat kidney epithelial cells and human embryonic kidney cells as 
well as sister chromatid exchanges and chromosomal aberrations in human 
lymphocytes (11, 18–21). Glycidol also tested mostly positive in vivo, including 
DNA strand breaks in rat liver and urinary bladder (22), induction of micronuclei 
(15) and chromosomal aberrations and sister chromatid exchanges in mouse 
bone marrow (23). 
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In addition, the reactivity of the epoxy moiety adds evidence for the 
mutagenicity of glycidol via direct DNA interaction without need of prior 
metabolic activation.

Several studies on effects on reproduction and fertility were identified; 
however, none of them meets modern standards as a result of unconventional 
experimental design. Oral administration of glycidol at 200 (but not at 100) mg/
kg bw per day for 5 days was shown to induce temporary/reversible infertility 
and spermatocoeles in male rats (24). Intraperitoneal administration of glycidol 
at approximately 3.5 mg/kg bw per day for 14 days was shown to reduce sperm 
motility in male rats without affecting fertility, in contrast to equimolar 3-MCPD, 
which produced complete infertility (25). 

In an oral 14-day study on immunotoxicity in mice, glycidol doses of 
125–250 mg/kg bw per day were shown to significantly alter several immune 
modulatory end-points compared with controls, whereas two bacterial host 
susceptibility tests were negative, indicating no effects on cell-mediated immunity 
functions; the NOAEL for immunotoxicity was 25 mg/kg bw per day (26). 

In an oral 4-week study on neurotoxicity in rats, decreased relative brain 
weight, abnormal gait and axonopathy in the central and peripheral nervous 
systems were observed at glycidol doses of 200 mg/kg bw per day; the NOAEL 
was 30 mg/kg bw per day (27). 

In an oral developmental neurotoxicity study in which pregnant rats 
were dosed from gestation day 6 until postnatal day 21, abnormal gait and axon 
injury in the central and peripheral nervous systems were observed at glycidol 
doses of 108.8 mg/kg bw per day in dams. No changes in reproductive end-
points were seen in dams at any dose. The maternal toxicity NOAEL was 48.8 
mg/kg bw per day. The NOAEL for offspring toxicity was 18.5 mg/kg bw per day, 
based on reduced body weight gain at higher doses. At 108.8 mg/kg bw per day, 
histopathological changes in the brain were observed in offspring, whereas gait 
was unaffected at any dose (28).

Observations in humans
No clinical or epidemiological studies were identified.

Analytical methods 
During studies related to indirect 3-MCPD ester analysis, artificially elevated 
concentrations of 3-MCPD were obtained when chlorinated compounds were 
used in the analytical procedure, relative to results from methods that used other 
reagents (e.g. sodium bromide, ammonium sulfate) (1, 29). This indicated that 
structurally related compounds were present in the oils or fats, and conversion to 
3-MCPD was a function of the analytical procedure (1).
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Both indirect and direct methods of analysis are used for the 
determination of glycidyl ester concentrations in edible oils and foods. The 
indirect methods, which are used most frequently, require hydrolytic cleavage of 
the esters from the glycidol moiety prior to analysis, similar to indirect methods 
for the measurement of MCPD esters (30). Using direct methods, the analysis of 
intact glycidyl esters is performed without cleavage of the fatty acid esters from 
the glycidol moiety. Glycidyl ester analysis generally includes the addition of 
isotopically labelled (deuterated or 13C) MCPD, MCPD esters or glycidyl esters 
prior to extraction of samples to allow for correction of any losses or conversion 
that may occur during sample preparation, followed by extraction with solvent. 

The presence of the glycidol epoxide ring necessitates the development of 
stable intermediates through a reaction of the glycidol moiety with a nucleophilic 
agent (e.g. sodium chloride or bromide), which may be performed either before 
or after hydrolysis of the ester group. The reaction to cleave the fatty acid esters 
from the glycidyl esters has been successfully performed using acidic or alkaline 
conditions or via enzymatic cleavage in a low-pH environment (pH 5). Following 
completion of the cleavage of fatty acid methyl esters from the glycidyl esters, 
the reaction is stopped by balancing the pH in the reaction vessel. Addition 
of sodium chloride or sodium bromide results in the formation of MCPD or 
monobromopropanediol, with analysis following derivatization, which is most 
frequently reported using phenylboronic acid (30). 

Indirect methods that involve the comparison of results obtained for 
MCPD alone or MCPD concentrations based on the sum of MCPD plus the 
MCPD formed through the conversion of glycidol originating from glycidyl 
esters require application of a conversion factor (0.67) to correct for the molecular 
weight difference between MCPD (110.54 g/mol) and glycidol (74.08 g/mol) 
(1). The results obtained using this approach are based on the assumption that 
complete conversion of glycidol to MCPD has occurred and that the only source 
of the additional MCPD is from glycidyl esters (29). 

Three indirect official methods pertaining to the analysis of glycidyl esters 
exclusively in oils and fats have been developed by the American Oil Chemists’ 
Society (31–33). One of the AOCS official methods quantifies glycidol by the 
difference in the 3-MCPD concentrations measured in paired samples, where the 
glycidol in one sample of the pair has been converted to MCPD whereas the other 
sample is not subject to the conversion, and therefore the result is based on MCPD 
concentrations alone. AOCS Official Method Cd 29c-13 (33) is harmonized with 
the international standard method in fats and oils (ISO 18363-1) (34).

Direct analysis of intact glycidyl esters, where glycidyl esters are isolated 
from samples and analysed without cleavage of esters, is also performed in some 
laboratories. Analysis of extracted samples is generally performed following a 
two-step cleanup procedure followed by LC-MS (35, 36). Reporting of results 
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using direct methods tends to be as a total glycidol concentration based on five or 
seven glycidyl esters, to address the dominant fatty acids (palmitic acid, linolenic 
acid, linoleic acid, oleic acid, stearic acid plus lauric acid and myristic acid) 
present in oils. 

Additionally, a method for the direct detection of glycidyl esters in 
edible oil has been developed jointly by the AOCS and the Japan Oil Chemists’ 
Society. Similar to other methods reported in the literature, the method requires 
two stages of solid-phase extraction cleanup followed by LC-MS analysis (AOCS 
Official Method Cd 28-10) (37).

Sampling protocols 
Although the Codex Alimentarius Commission has not established specific 
sampling protocols for glycidyl esters, general guidelines on sampling have been 
developed (38). Best practices have been established for numerous contaminants 
and include the collection of samples by qualified individuals using containers 
that are clean and non-reactive and that protect samples from contamination or 
damage during transport and storage. Sampling of commercial food products must 
ensure that samples collected are representative of the lot. Therefore, collection of 
multiple samples (incremental samples) from within the lot is recommended and 
may be used to form an aggregate sample from which laboratory samples may 
be analysed. Prior to the subsampling for laboratory analysis, homogenization 
of the aggregate sample should be performed, consistent with good laboratory 
practices. Sample collection must be focused on food commodities that are 
relevant to glycidyl esters, such as fats, oils and products containing fats and oils.

Effects of processing 
Glycidyl esters are present in processed oils, fats and food prepared using 
these products. These compounds are, however, not generally present in crude 
or unrefined oils at elevated levels. As a result, they are considered to be food 
processing–induced compounds, where the processing of oils or fats leads to the 
production of glycidyl esters. The steps required for refining or purification of oils 
or fats may contribute to the formation (e.g. deodorization) or mitigation (e.g. 
degumming) of these food contaminants. 

Preparation of refined oils from the crude form involves several steps, 
which include degumming, neutralization, bleaching and deodorization (39). 
Degumming of oils removes phospholipids and is generally performed at 
relatively low temperatures (80–120 °C) (39, 40). Neutralization of oils involves 
interaction of the oils with sodium carbonate or bicarbonate to lower the acid 
value (increase the pH), prior to deodorization (41). The bleaching process 
involves exposure of oils to bleaching clays to remove phospholipids from the oils 
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(42). The final stage of oil refining is known as deodorization, where, in addition 
to acid treatment, oils are heated at elevated temperatures (>200 °C) (43). The 
refining process has been investigated to determine the impact on formation of 
glycidyl esters, although the majority of research has focused on the MCPD esters 
owing to their earlier discovery. 

It has been established by several researchers that deodorization, where 
oils are exposed to elevated temperatures, is the critical step in the formation of 
glycidyl esters (39). 
 Finished palm oil products have been shown to have higher glycidyl ester 
levels than other oils when subjected to similar refining conditions. Processing 
of palm oil has resulted in elevated glycidyl ester and MCPD ester production, 
relative to other oil types, indicating that oil constituents have an impact on 
the effect of processing (2). Glycidyl ester values were significantly higher after 
deodorization of non-degummed palm oil samples, suggesting that the removal 
of the precursors during the degumming step is beneficial.

Prevention and control 
The formation of glycidyl esters is a function of the composition of the oil and the 
processing conditions used to refine crude oils. The type of oil processed has an 
impact on the glycidyl ester formation capacity, with palm oil producing greater 
amounts of glycidyl esters compared with other oil types owing to the high levels 
of diacylglycerols in the oil (1). Oils high in diacylglycerols, which are known 
to be glycidyl ester precursors, are expected to produce higher levels of glycidyl 
esters, although other compounds, such as glycerol and phospholipids, may also 
contribute to the formation of glycidyl esters (2, 44). Chlorinated compounds are 
not anticipated to have an impact on glycidyl ester formation, whereas they are 
required for the formation of 3-MCPD esters (45). 
 Strategies to prevent and control the formation of glycidyl esters in final 
oil products include:

 ■ selection of raw material with low precursor content;
 ■ removal of precursors using chemical treatment at mid-range 

temperatures; 
 ■ deodorization performed at neutral pH below 240 °C;
 ■ adoption of dual deodorization protocols; 
 ■ utilization of adsorbents to remove glycidyl esters in post-treatment.

The Committee noted the commitment of the European fats and oils 
industry trade organization (FEDIOL) to continue to reduce the levels of glycidyl 
esters in refined vegetable oils and encouraged the organization to continue to 
reduce the levels of these contaminants. 
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Levels and patterns of contamination in food commodities 
Globally, oils and fats are regional in their production and may be consumed in 
higher proportions in the production area than in importing countries. The variety 
of oils consumed in any given region varies depending on the source (FAOSTAT 
database: http://www.fao.org/faostat/en). Palm oil and its products are a major 
fat source in South-east Asia, but less dominant in Europe and North America, 
whereas soya bean oil is the predominant vegetable oil in North and South 
America, and rapeseed and sunflower seed oils are more common in Europe. The 
determination of the types of oil in a finished food is often complicated by the use 
of mixtures to give a food a particular texture or structure, and the oils used may 
reflect the availability of suitable ingredients.
 It is apparent that glycidyl esters are formed in the processing of vegetable 
oils mainly during the deodorization stage. The extent to which they are formed 
depends on the oilseed or fruit being processed, the process being used and the 
type of equipment installed. Hence, the refined oil obtained from any oil source 
may vary in glycidyl ester content. From reports of the analysis of foodstuffs in a 
number of countries, it appears that refined vegetable oil is a major contributor to 
the levels of glycidyl esters found in food (3). There appears to be little evidence 
that glycidyl esters are formed in food during processing or cooking, and there is 
a reasonable correlation between the levels of glycidyl esters in the oils used and 
the amounts of the oils that were used in the food. A search using PubMed did 
not yield any publications showing the occurrence of free glycidol in food. 
 Glycidyl ester content was tested in more than 100 different edible fats, 
oils and related products containing fats or oils, such as cookies and cooking 
sprays, in Canada (46). Most virgin/unprocessed/unrefined oils did not 
contain detectable levels of glycidyl esters. However, glycidyl ester levels were 
highly variable in refined oils and fats, reaching 11 µg/kg, expressed as glycidol 
equivalents.

It should be noted that methods for the analysis of glycidyl esters in foods, 
other than for fats and oils, have not been subjected to full collaborative study, 
and it is not clear if the same samples were analysed by any of the laboratories 
involved in the provision of the majority of the results received from the USA, 
Canada and the European Union in response to the call for data. Although these 
methods themselves might exhibit reasonable precision for different food types, 
their accuracy has not been evaluated under rigorous conditions. Recently, a 
collaborative study has been organized for the analysis of contaminants in high-
fat foods (margarines and mayonnaise), but no international work on other food 
types has been initiated.

http://www.fao.org/faostat/en
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Food consumption and dietary exposure assessment
Estimates of dietary exposure to glycidyl esters, expressed as glycidol, were 
calculated by the Committee using concentration data from the GEMS/Food 
contaminants database. Occurrence data were available for five countries (Brazil, 
Canada, Japan, Singapore, USA), primarily for fats and oils and infant formula. 
The occurrence data from Japan and the USA were used to estimate national 
dietary exposures, as consumption data were also available for these countries in 
the CIFOCOss consumption database.

For the international estimates of dietary exposure to glycidol, occurrence 
data were available for only one of the 17 clusters (G10), and those data were 
therefore used for all cluster estimates.

The literature was also reviewed to identify estimates of dietary exposure. 
Only one estimate of dietary exposure was found (from Germany), in addition to 
the EFSA (3) assessment.

A summary of the range of estimated dietary exposures to glycidyl esters, 
expressed as glycidol, is shown in Table 6. These include national estimates of 
dietary exposure (both those estimated by the Committee and those from the 
literature), international dietary exposure estimates and estimated dietary 
exposures for infants from consumption of infant formula.

Table 6
Summary of estimated dietary exposures to glycidyl esters, expressed as glycidol

Exposure assessment Source of estimate
Range of estimated dietary exposures (µg/kg bw per day)a

Mean High percentileb

National Committee, literature Adults: 0.1–0.3 Adults: 0.2–0.8
Children/adolescents: 0.2–1.0 Children/adolescents: 0.4–2.1

Internationalc Committee 0.2–1.0 0.3–2.1
Infantsd Committeee and literature 0.1–3.6 0.3–4.9

a  Includes LB and UB estimates.
b  Ranges of high-percentile exposures are given, including 90th and 95th, depending on the assessment.
c  Estimates are rounded per capita based on a mean body weight of 60 kg for adults.
d  Includes all estimates for infants from infant and follow-on formula and from mixed diets for 0–12 months of age.
e  Based on concentration data for infant formula from the GEMS/Food contaminants database and the literature.

Overall, national estimates of dietary exposure to glycidyl esters, 
expressed as glycidol, from all sources at the mean for adults ranged between 0.1 
and 0.3 µg/kg bw per day and for high-percentile exposures between 0.2 and 0.8 
µg/kg bw per day. The estimates for children and adolescents were higher and at 
the mean ranged between 0.2 and 1.0 µg/kg bw per day and for high-percentile 
exposures between 0.4 and 2.1 µg/kg bw per day. Depending on the country and 
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population group, palm oil, margarine or soya bean oil was the main contributor 
to exposure, and infant formula for infants consuming mixed diets.

International estimates of UB mean dietary exposure to glycidyl esters, 
expressed as glycidol, were in the same range of between 0.2 and 1.0 µg/kg bw 
per day for adults, and high exposures (90th percentile) were between 0.3 and 
2.1 µg/kg bw per day for adults. Palm oil was the highest contributor to overall 
dietary glycidol exposure for 11 of the clusters, with margarine being the highest 
contributor for five clusters.

Estimated dietary exposures to glycidyl esters, expressed as glycidol, for 
infants 0–12 months of age were broader in range than estimates for children, 
adults or the general population, particularly around the high end of the ranges. 
Mean exposures ranged between 0.1 and 3.6 µg/kg bw per day, and high-percentile 
exposures between 0.3 and 4.9 µg/kg bw per day.

Dose–response analysis
Complete hydrolysis of glycidyl esters to glycidol was assumed for the present 
evaluation. Glycidol is genotoxic and is carcinogenic in various tissues of rats 
and mice of both sexes, and the NTP carcinogenicity studies with mice and 
rats (15) are considered the pivotal studies for risk assessment. To find the most 
sensitive target organ, the USEPA’s Benchmark Dose Software (BMDS version 
2.6.1) models were fitted to data reported in the NTP studies. For this analysis, 
doses were adjusted by a factor of 5/7 to account for the fact that the animals 
were dosed only 5 out of 7 days of the week. All models in the BMDS software 
were fitted to the data using its default settings for restricted models. For the 
male rat, mesothelioma in the tunica vaginalis/peritoneum provided the lowest 
BMDLs. In mice, hepatocellular adenoma/carcinoma in males provided the 
lowest BMDLs. Results for the female rats and mice were significantly higher. 
Overall, mesothelioma in the tunica vaginalis/peritoneum in the male rat from 
the NTP (15) study was the most sensitive end-point, with a benchmark dose for 
a 10% response (BMD10) of 3.0 mg/kg bw per day and a BMDL10 of 2.4 mg/kg bw 
per day, obtained using the quantal-linear model (Table 7). 

Evaluation
Experimental evidence indicates that glycidyl esters are substantially hydrolysed 
to glycidol in the gastrointestinal tract and elicit toxicity as glycidol. The 
Committee therefore based its evaluation on the conservative assumption of 
complete hydrolysis of glycidyl esters to glycidol. Whereas the experimental data 
supporting substantial hydrolysis are derived from studies with post-weaning 
animals, the Committee concluded that the capacity of the neonate to hydrolyse 
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fatty acids in the gut is efficient, and therefore the same assumption of substantial 
hydrolysis could be extended to this age group.

The Committee concluded that glycidol is a genotoxic compound and 
considered its carcinogenicity as the most sensitive end-point on which to 
base a point of departure. The lowest BMDL10 was 2.4 mg/kg bw per day for 
mesotheliomas in the tunica vaginalis/peritoneum in male rats observed in the 
NTP (15) carcinogenicity study (doses adjusted for non-continuous dosing).

The Committee noted that there are no published collaboratively studied 
methods for the determination of glycidyl esters in complex foods, in contrast 
to the situation with fats and oils; therefore, caution should be applied when 
interpreting analytical data from complex foods.

The Committee further noted that there was uncertainty in comparing 
the reported levels in the same foods from different regions because of the lack 
of interlaboratory comparisons and the absence of data arising from proficiency 
testing schemes. 

As it is not appropriate to establish a health-based guidance value for 
substances that are both genotoxic and carcinogenic, the MOE approach is 
chosen. 

National estimates of dietary exposure were used for determining the 
MOEs. This was because they were considered to be the most representative of 
dietary exposure, as they are based on consumption data from national dietary 
surveys. The majority of the surveys used include 2 or more days of data, which 
better estimate chronic dietary exposure.

The national dietary exposures are considered to be reliable estimates, 
as they are based on a range of foods in the diet and include the key foods in 
which glycidol contamination is known to occur – namely, fats and oils. The 

Species / study type (route of 
administration)

Doses 
(mg/kg bw per day)a Critical end-point

BMD10  
(mg/kg bw per day)

BMDL10  
(mg/kg bw per day)

Mouse

Two-year study of toxicity and 
carcinogenicity (gavage)

0, 17.9, 35.7 Hepatocellular adenoma/
carcinoma (males)

5.4 2.6

Rat

Two-year study of toxicity and 
carcinogenicity (gavage)

0, 26.8, 53.6 Mesothelioma of tunica 
vaginalis/peritoneum 
(males)

3.0 2.4

Table 7
Results of benchmark dose modelling from the NTP (15) study in rats and mice

a Doses adjusted to 7 days/week dosing.
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concentrations in specific foods in the majority of cases have been able to be 
matched directly with consumption data for the same foods.

The Committee considered that the lower ends of the ranges of the 
MOEs for infants, children and adults (Table 8) were low for a compound that is 
genotoxic and carcinogenic and that they may indicate a human health concern. 

Table 8 
Dietary exposures and MOEs compared with the BMDL10

a Includes LB and UB estimates from a range of national estimates of dietary exposure.
b  Compared with a BMDL10 of 2.4 mg/kg bw per day. MOEs are expressed as a range; the lower end of the range relates to UB mean and high-percentile exposures, and 

the higher end of the range relates to LB mean and high-percentile exposures.

Recommendations
The Committee recommends that appropriate efforts to reduce concentrations 
of glycidyl esters and glycidol in fats and oils, in particular when used in infant 
formula, should continue to be implemented.
 The Committee recommends the development of better exposure 
biomarkers to facilitate measurements in humans consuming glycidyl esters in 
food in support of risk assessment.

The Committee recommends that additional international collaborative 
studies should be undertaken on methods of analysis for glycidyl esters in relevant 
fat- or oil-containing foods in order to remove the uncertainty surrounding the 
accuracy of the data submitted to the GEMS/Food contaminants database used 
in future evaluations.

It is recommended that more data be submitted to the GEMS/Food 
contaminants database, including the form (the ester form or not) and the 
analytical methods used, in particular for fats and oils, where a high degree of 
variability in concentration is observed. 

A monograph was prepared.

References 
1. Weisshaar R, Perz R. Fatty acid esters of glycidol in refined fats and oils. Eur J Lipid Sci Technol. 2010;112:158–65.

Population group

Range of estimated dietary exposures to 
glycidol (µg/kg bw per day)a MOEsb

Mean High percentile Mean High percentile
Adults 0.1–0.3 0.2–0.8 8 000–24 000 3 000–12 000
Children 0.2–1.0 0.4–2.1 2 400–12 000 1 100–6 000
Infants 0.1–3.6 0.3–4.9 670–24 000 490–8 000



88

Joint FAO/WHO Expert Committee on Food Additives   Eighty-third report 
W

H
O

 T
ec

hn
ic

al
 R

ep
or

t S
er

ie
s, 

N
o.

 1
00

2,
 2

01
7

2. Destaillats F, Craft BD, Dubois M, Nagy K. Glycidyl esters in refined palm (Elaeis guineensis) oil and related fractions. Part I: 
Formation mechanism. Food Chem. 2012;131:1391–8.

3. European Food Safety Authority Panel on Contaminants in the Food Chain (CONTAM). Scientific opinion on the risks for 
human health related to the presence of 3- and 2-monochloropropanediol (MCPD), and their fatty acid esters, and glycidyl 
fatty acid esters in food. EFSA J. 2016;14:159. 

4. Frank N, Dubois M, Scholz G, Seefelder W, Chuat JY, Schilter B. Application of gastrointestinal modelling to the study of 
the digestion and transformation of dietary glycidyl esters. Food Addit Contam Part A Chem Anal Control Expo Risk Assess. 
2013;30:69–79.

5. Appel KE, Abraham K, Berger-Preiss E, Hansen T, Apel E, Schuchardt S et al. Relative oral bioavailability of glycidol from 
glycidyl fatty acid esters in rats. Arch Toxicol. 2013;87:1649–59.

6. Wakabayashi K, Kurata Y, Harada T, Tamaki Y, Nishiyama N, Kasamatsu T. Species differences in toxicokinetic parameters of 
glycidol after a single dose of glycidol or glycidol linoleate in rats and monkeys. J Toxicol Sci. 2012;37:691–8.

7. Nomeir AA, Silveira DM, Ferrala NF, Markham PM, McComish MF, Ghanayem BI et al. Comparative disposition of 2,3-epoxy-
1-propanol (glycidol) in rats following oral and intravenous administration. J Toxicol Environ Health. 1995;44:203–17.

8. Jones AR. The metabolism of 3-chloro-, 3-bromo- and 3-iodopropan-1,2-diol in rats and mice. Xenobiotica. 1975;5:155–
65.

9. Patel JM, Wood JC, Leibman KC. The biotransformation of allyl alcohol and acrolein in rat liver and lung preparations. Drug 
Metab Dispos. 1980;8:305–8.

10. Honda H, Tornqvist M, Nishiyama N, Kasamatsu T. Characterization of glycidol–hemoglobin adducts as biomarkers of 
exposure and in vivo dose. Toxicol Appl Pharmacol. 2014;275:213–20.

11. Ikeda N, Fujii K, Sarada M, Saito H, Kawabata M, Naruse K et al. Genotoxicity studies of glycidol fatty acid ester (glycidol 
linoleate) and glycidol. Food Chem Toxicol. 2012;50:3927–33.

12. Hine CH, Kodama JK, Wellington JS, Dunlap MK, Anderson HH. The toxicology of glycidol and some glycidyl ethers. AMA 
Arch Ind Health. 1956;14:250–64.

13. Thompson ED, Gibson DP. A method for determining the maximum tolerated dose for acute in vivo cytogenetic studies. 
Food Chem Toxicol. 1984;22:665–76.

14. Thompson ED, Hiles RA. A method for determining the maximum tolerated dose for in vivo cytogenetic analysis. Food 
Cosmet Toxicol. 1981;19:347–51.

15. National Toxicology Program (NTP) technical report on the toxicology and carcinogenesis studies of glycidol (CAS no. 556-
52-5) in F344/N rats and B6C3F1 mice (gavage studies). Research Triangle Park (NC): National Toxicology Program; 1990 
(NTP Technical Report 374).

16. National Toxicology Program. Toxicology and carcinogenesis study of glycidol (CAS No. 556-52-5) in genetically modified 
haploinsufficient p16Ink4a/p19Arf mice (gavage study). Natl Toxicol Program Genet Modif Model Rep. 2007;13:1–81. 

17. Tennant RW, Stasiewicz S, Mennear J, French JE, Spalding JW. Genetically altered mouse models for identifying carcinogens. 
IARC Sci Publ. 1999;146:123–50 [cited in (16)].

18. Glycidol. Lyon: International Agency for Research on Cancer; 2000 (IARC Monographs on the Evaluation of Carcinogenic 
Risks to Humans, Vol. 77).

19. El Ramy R, Ould Elhkim M, Lezmi S, Poul JM. Evaluation of the genotoxic potential of 3-monochloropropane-1,2-diol (3-
MCPD) and its metabolites, glycidol and beta-chlorolactic acid, using the single cell gel/comet assay. Food Chem Toxicol. 
2007;45:41–8.

20. Aasa J, Vare D, Motwani HV, Jenssen D, Tornqvist M. Quantification of the mutagenic potency and repair of glycidol-induced 
DNA lesions. Mutat Res Genet Toxicol Environ Mutagen. 2016;805:38–45.

21. Ozcagli E, Alpertunga B, Fenga C, Berktas M, Tsitsimpikou C, Wilks MF et al. Effects of 3-monochloropropane-1,2-diol (3-
MCPD) and its metabolites on DNA damage and repair under in vitro conditions. Food Chem Toxicol. 2016;89:1–7.

22. Wada K, Yoshida T, Takahashi N, Matsumoto K. Effects of seven chemicals on DNA damage in the rat urinary bladder: a 
comet assay study. Mutat Res Genet Toxicol Environ Mutagen. 2014;769:1–6.

23. Sinsheimer JE, Chen R, Das SK, Hooberman BH, Osorio S, You Z. The genotoxicity of enantiomeric aliphatic epoxides. Mutat 
Res. 1993;298:197–206.



89

Contaminants

24. Cooper ER, Jones AR, Jackson H. Effects of alpha-chlorohydrin and related compounds on the reproductive organs and 
fertility of the male rat. J Reprod Fertil. 1974;38:379–86.

25. Brown-Woodman PDC, White IG, Ridley DD. The antifertility activity and toxicity of alpha-chlorohydrine derivatives in male 
rats. Contraception. 1979;19:517–29.

26. Guo TL, McCay JA, Brown RD, Musgrove DL, Butterworth L, Munson AE et al. Glycidol modulation of the immune responses 
in female B6C3F1 mice. Drug Chem Toxicol. 2000;23:433–57.

27. Akane H, Shiraki A, Imatanaka N, Akahori Y, Itahashi M, Abe H et al. Glycidol induces axonopathy and aberrations of 
hippocampal neurogenesis affecting late-stage differentiation by exposure to rats in a framework of 28-day toxicity study. 
Toxicol Lett. 2014;224:424–32.

28. Akane H, Shiraki A, Imatanaka N, Akahori Y, Itahashi M, Ohishi T et al. Glycidol induces axonopathy by adult-stage exposure 
and aberration of hippocampal neurogenesis affecting late-stage differentiation by developmental exposure in rats. Toxicol 
Sci. 2013;134:140–54.

29. Kuhlmann J. Determination of bound 2,3-epoxy-1-propanol (glycidol) and bound monochloropropanediol (MCPD) in 
refined oils. Eur J Lipid Sci Technol. 2011;113:335–44.

30. Crews C, Chiodini A, Granvogl M, Hamlet C, Hrnčiřík K, Kuhlmann J et al. Analytical approaches for MCPD esters and glycidyl 
esters in food and biological samples: a review and future perspectives. Food Addit Contam Part A Chem Anal Control Expo 
Risk Assess. 2013;30:11–45.

31. AOCS Official Method Cd 29a-13. 2- and 3-MCPD fatty acid esters and glycidol fatty acid esters in edible oils and fats by acid 
transesterification. American Oil Chemists’ Society; 2013:1–18.

32. AOCS Official Method Cd 29b-13. Determination of bound monochloropropanediol- (MCPD-) and bound 2,3-epoxy-1-
propanol (glycidol-) by gas chromatography/mass spectrometry (GC/MS). American Oil Chemists’ Society; 2013:1–14.

33. AOCS Official Method Cd 29c-13. Fatty-acid-bound 3-chloropropane-1,2-diol (3-MCPD) and 2,3-epoxi-propane-1-ol 
(glycidol), determination in oils and fats by GC/MS (differential measurement). American Oil Chemists’ Society; 2013:1–13.

34. BS ISO 18363-1:2015. Animal and vegetable fats and oils – determination of fatty-acid-bound chloropropanediols (MCPDs) 
and glycidol by GC/MS. Part 1: Method using fast alkaline transesterification and measurement for 3-MCPD and differential 
measurement for glycidol. British Standards Institution; 2015:1–11.

35. Becalski A, Feng SY, Lau BP, Zhao T. Glycidyl fatty acid esters in food by LC-MS/MS: method development. Anal Bioanal 
Chem. 2012;403:2933–42.

36. MacMahon S, Mazzola E, Begley TH, Diachenko GW. Analysis of processing contaminants in edible oils. Part 1. Liquid 
chromatography–tandem mass spectrometry method for the direct detection of 3-monochloropropanediol monoesters 
and glycidyl esters. J Agric Food Chem. 2013;61(20):4737–47.

37. Joint AOCS/JOCS Official Method Cd 28-10. Glycidyl fatty acid esters in edible oils. American Oil Chemists’ Society and Japan 
Oil Chemists’ Society; 2012:1–8.

38. General guidelines on sampling. Rome: Food and Agriculture Organization of the United Nations, Joint FAO/WHO Food 
Standards Programme, Codex Alimentarius Commission; 2004 (CAC/GC-50-2004).

39. Pudel F, Benecke P, Fehling P, Freudenstein A, Matthäus B, Schwaf A. On the necessity of edible oil refining and possible 
sources of 3-MCPD and glycidyl esters. Eur J Lipid Sci Technol. 2011;113:368–73. 

40. Šmidrkal J, Ilko V, Filip V, Doležal M, Zelinková Z, Kyselka J et al. Formation of acylglycerol chloro derivatives in vegetable oils 
and mitigation strategy. Czech J Food Sci. 2011;29:448–56.

41. Freudenstein A, Weking J, Matthäus B. Influence of precursors on the formation of 3-MCPD and glycidyl esters in a model 
oil under simulated deodorization conditions. Eur J Lipid Sci Technol. 2013;115:286–94.

42. Hrncirik K, van Duijn G. An initial study on the formation of 3-MCPD esters during oil refining. Eur J Lipid Sci Technol. 
2011;113:374–9.

43. Matthäus B, Freudenstein A, Pudel F, Rudolph T. Final results of the German FEI research project concerning 3-MCPD esters 
and related compounds – mitigation strategies. Presented at 9th Euro Fed Lipid Congress, Rotterdam, the Netherlands, 
18–21 September 2011.

44. Shimizu M, Vosmann K, Matthäus B. Generation of 3-monochloro-1,2-propanediol and related materials from tri-, di-, and 
monoolein at deodorization temperature. Eur J Lipid Sci Technol. 2012;114:1268–73.



90

Joint FAO/WHO Expert Committee on Food Additives   Eighty-third report 
W

H
O

 T
ec

hn
ic

al
 R

ep
or

t S
er

ie
s, 

N
o.

 1
00

2,
 2

01
7

45. Nagy K, Sandoz L, Craft BD, Destaillats F. Mass-defect filtering of isotope signatures reveals the source of chlorinated palm 
oil contaminants. Food Addit Contam Part A Chem Anal Control Expo Risk Assess. 2011;28(11):1492–500.

46. Becalski A, Feng S, Lau BP-Y, Zhao T. A pilot survey of 2- and 3-monochloropropanediol and glycidol fatty acid esters in foods 
on the Canadian market 2011–2013. J Food Comp Anal. 2015;37:58–66.

3.5  3-MCPD esters and 3-MCPD
Explanation 
3-Monochloro-1,2-propanediol (3-MCPD) esters are processing-induced 
contaminants found in various refined oils and fats and are formed from 
acylglycerols in the presence of chlorinated compounds during deodorization 
at high temperature (Fig. 6). “3-MCPD esters” is a general term for 3-MCPD 
esterified with one (sn-1- and sn-2-monoesters) or two identical or different 
fatty acids (diesters). Depending on the fatty acid composition of the oil or fat, a 
variety of different 3-MCPD esters can be formed during processing. In foods that 
contain refined vegetable oils or fats, mainly diesters are found. Concentrations 
of 3-MCPD esters in refined oils increase incrementally as follows: rapeseed oil < 
soya bean oil < sunflower oil < safflower oil < walnut oil < palm oil (1). 

3-MCPD esters have not been previously evaluated by the Committee. 
The present evaluation was conducted in response to a request from CCCF for 
an evaluation of 3-MCPD esters. 3-MCPD was evaluated at the forty-first, fifty-
seventh and sixty-seventh meetings of JECFA (Annex 1, references 107, 154 
and 184). At the sixty-seventh meeting, the Committee reaffirmed a PMTDI 
for 3-MCPD of 2 μg/kg bw, based on a lowest-observed-effect level (LOEL) of 
1.1 mg/kg bw per day for tubular hyperplasia in the kidney seen in a long-term 
carcinogenicity study in rats (2). An uncertainty factor of 500 was applied to 
allow for the absence of a clear no-observed-effect level (NOEL) and to account 
for the effects on male fertility and inadequacies in the studies of reproductive 
toxicity. The Committee at that time noted that it had been reported that fatty 
acid esters of 3-MCPD are present in foods, but there were insufficient data to 
allow the evaluation of either their intake or their toxicological significance. 
 A literature search of publicly available peer-reviewed literature in 
PubMed was conducted for toxicity data on 3-MCPD esters (no time restrictions, 
full data set) as well as for 3-MCPD since the last JECFA evaluation (2005–2016, 
with a focus on biochemical aspects, oral repeated-dose toxicity studies and 
genotoxicity studies). The recent opinion by EFSA (3) was taken into consideration, 
as well as secondary literature (reports and reviews). Only recent occurrence data 
obtained from a literature search on Scopus (2012–2016) were evaluated, as there 
have been considerable improvements in the analysis of 3-MCPD esters and as 
changes in oil processing have led to a decrease in the levels of 3-MCPD esters in 
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the finished oils. Data generated prior to this date were considered less reliable 
and few in number. 

Fig. 6
A) 3-MCPD diester, B) sn-2 3-MCPD and C) sn-1 3-MCPD monoester, with examples of fatty 
acid chains i) myristic acid, ii) palmitic acid and iii) oleic acid

Examples of possible R groups (fatty acid chains) 

Biochemical aspects
3-MCPD esters
In vitro, various 3-MCPD esters were shown to be substrates for porcine pancreatic 
lipases and, particularly sn-1-monoesters, were hydrolysed rapidly and almost 
completely as determined by the release of 3-MCPD (>95% within 1 minute 
at 37  °C). Although a diester (3-MCPD palmitate-oleate) was also efficiently 
hydrolysed in the same test system, the hydrolysis occurred at a slower rate 
(>95% within 90 minutes at 37 °C) (4). In another in vitro study, approximately 
40% of 3-MCPD dioleate was hydrolysed mainly to 3-MCPD-sn-2-monooleate, 
releasing only small amounts of free 3-MCPD, after a 3-hour incubation with 
porcine pancreatic lipase at 37 °C (5). 

Following oral administration of equimolar 3-MCPD and 3-MCPD 
dipalmitate to rats, significant amounts of 3-MCPD in the blood were detected 
(86% based on a comparison of AUC values for free 3-MCPD), demonstrating 
efficient hydrolysis. The maximum plasma concentration (Cmax) of 3-MCPD was 

A B C
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approximately 5 times lower following administration of 3-MCPD dipalmitate 
compared with 3-MCPD. In support of the efficiency of the hydrolysis, no 
3-MCPD dipalmitate was detected in blood, kidney, liver or fat following oral 
administration. Excretion of free 3-MCPD in urine (within 72 hours) and faeces 
(within 48 hours) after dosing was also investigated and was found to be similar 
for equimolar doses of 3-MCPD and its dipalmitate, with 2.0% and 2.4% of the 
dose as 3-MCPD in urine and 0.5% and 1.4% in faeces, respectively (6). After oral 
administration of 3-MCPD dipalmitate to rats, measured urinary metabolites 
included, in decreasing order, 2,3-dihydroxypropyl mercapturic acid and free 
3-MCPD; no (<LOD) β-chlorolactic acid was detected (7). Based on the available 
data, substantial hydrolysis of 3-MCPD esters (monoesters and diesters) to 
3-MCPD in the gastrointestinal tract has been demonstrated. For the purpose of 
the current assessment, complete hydrolysis of the 3-MCPD esters is assumed.

3-MCPD
3-MCPD appears to be detoxified by glutathione conjugation, yielding S-(2,3-
dihydroxypropyl)cysteine and 2,3-dihydroxypropyl mercapturic acid. It can also 
be oxidized to β-chlorolactic acid and further to oxalic acid (Annex 1, reference 
155). In the study by Barocelli et al. (7), 2,3-dihydroxypropyl mercapturic acid 
was detected in urine of rats at a higher percentage than free 3-MCPD, and only 
traces (<1% of the dose) of β-chlorolactic acid were excreted, suggesting a more 
important role of the glutathione pathway than previously considered. 

Toxicological studies
3-MCPD esters
In rats and mice, some 3-MCPD diesters and 3-MCPD sn-1-monoesters are 
acutely less toxic (oral LD50 values ranging from 1780 to >5000 mg/kg bw, 
corresponding to 332 to >941 mg/kg bw 3-MCPD equivalents) (8–10) than 
3-MCPD (oral LD50 values of 118–291 mg/kg bw) (11, 12). The Committee noted 
that the differences in acute toxicity were likely due to the lower maximal plasma 
concentration of 3-MCPD following administration of the 3-MCPD ester.

Short-term oral exposure to 3-MCPD dipalmitate, 3-MCPD dioleate or 
3-MCPD monopalmitate revealed the kidney to be the main target organ in rats, 
with effects generally occurring at doses above 2 mg/kg bw per day expressed as 
3-MCPD. Renal effects included increased relative kidney weight; at higher doses, 
histopathological changes included tubular epithelial hyperplasia, glomerular 
lesions and accumulation of hyaline casts. Effects on male reproductive organs 
(increased testis weight, histopathological findings in testes and epididymis) and 
liver weight increase were generally seen at doses equal to and greater than 30 mg/
kg bw per day expressed as 3-MCPD (7, 10, 13). The target organs and relative 
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potencies were in general similar for the 3-MCPD esters 3-MCPD dipalmitate, 
3-MCPD monopalmitate and 3-MCPD dioleate in comparison with 3-MCPD, 
which supports the assumption of substantial hydrolysis of 3-MCPD esters in the 
gastrointestinal tract to 3-MCPD.
 No in vitro genotoxicity studies were available. In an in vivo genotoxicity 
study, 4 weeks of oral exposure (5 days/week gavage dosing) to the 3-MCPD esters 
3-MCPD dipalmitate, 3-MCPD monopalmitate and 3-MCPD dioleate and also 
free 3-MCPD at equimolar doses (40 mg/kg bw per day expressed as 3-MCPD) 
in transgenic F344 gpt delta rats produced no positive results in the micronucleus 
assay with bone marrow, the Pig-a mutation assay with red blood cells and the gpt 
assay in kidney and testis (14).

There were no oral long-term toxicity or developmental toxicity studies 
identified for any 3-MCPD esters. 3-MCPD dipalmitate administered to male 
rats at oral doses of 100–200 mg/kg bw per day on 5 consecutive days caused 
infertility, which was partly reversible. The infertility was described as comparable 
with that occurring with equimolar doses of 3-MCPD (15).

3-MCPD
In previous 3-MCPD evaluations by the Committee, the 2-year carcinogenicity 
study in Fischer 344 rats by Sunahara, Perrin & Marchesini (2) (Annex 1, 
reference 155) was considered the critical study, with kidney identified as the 
main target organ. A LOEL of 1.1 mg/kg bw per day was identified for renal 
tubular hyperplasia as the most sensitive end-point. Although the Committee at 
that meeting noted some increased incidences of benign renal, mammary and 
testicular tumours, they were considered to be secondary to observed increases in 
chronic progressive nephropathy and/or endocrine imbalance due to hormonally 
mediated Leydig cell tumours. In addition, no genotoxic potential has been 
demonstrated in vivo for 3-MCPD.

New oral studies with 3-MCPD that have become available since the 
previous evaluation include short-term toxicity studies in mice and rats, long-
term toxicity studies in mice and rats and a 26-week carcinogenicity study in 
transgenic CB6F1 rasH2-Tg mice.

In a short-term oral toxicity study conducted with 3-MCPD in mice, a 
NOAEL of 18.05 mg/kg bw per day was identified, based on testicular effects (16). 

In a short-term oral toxicity study conducted with 3-MCPD in rats, the 
kidney and the testes were identified as critical target organs. Nephrotoxicity 
was particularly severe in females, resulting in death due to acute renal failure 
at 29.5 mg/kg bw per day in 35% of females. Effects observed in both sexes 
included various histopathological findings in the kidneys (e.g. tubular epithelial 
hyperplasia, glomerular lesions and accumulation of hyaline casts), which 



94

Joint FAO/WHO Expert Committee on Food Additives   Eighty-third report 
W

H
O

 T
ec

hn
ic

al
 R

ep
or

t S
er

ie
s, 

N
o.

 1
00

2,
 2

01
7

appeared to be mainly restricted to the middle and high doses (7.4 and 29.5 mg/
kg bw per day). Testicular effects, including degeneration of seminiferous tubules 
and decreases in spermatid density, were mainly observed at the highest dose 
(29.5 mg/kg bw per day) (7). The Committee noted that there were deficiencies 
in the reporting of this study.

In a 2-year oral (drinking-water) carcinogenicity study in mice, no 
increases in neoplastic or non-neoplastic lesions were observed up to the highest 
dose tested, 31.0 mg/kg bw per day (17). There was no significant increase in 
tumour incidence in a 26-week gavage carcinogenicity study in transgenic CB6F1 
rasH2-Tg mice, with a LOAEL of 10 mg/kg bw per day, based on increased 
relative kidney weight (18). 

In a 2-year oral (drinking-water) carcinogenicity study in SD rats, 
there were dose-related increased incidences of renal nephropathy and tubular 
hyperplasia, with the hyperplasia more frequently observed in males, being 
significantly different from controls at all doses (1.97, 8.27 and 29.5 mg/kg bw per 
day) in males. Atrophy and arteritis/periarteritis in testes were also significantly 
increased compared with controls at all doses, although not in a dose-related 
manner. Increased incidences of renal cell tumours (adenoma or carcinoma) in 
both sexes and of Leydig cell tumours in males were observed, being significantly 
different from controls at the highest dose (19).

Observations in humans
No clinical or epidemiological studies were identified.

Analytical methods 
The initial work in the area of 3-MCPD was focused on the determination of 
the free 3-MCPD or unesterified 3-MCPD. In analysing food for 3-MCPD, there 
appeared to be 3-MCPD-containing food categories that were unlikely to contain 
soya sauce or hydrolysed vegetable protein. Subsequent reports indicated that 
perhaps oils and fats could be a common precursor for this contaminant. Analysis 
of oils and fats led to confirmation of the presence of variable concentrations of 
3-MCPD fatty acid esters in this category. Early method development for oils 
and fats was hampered by the lack of analytical standards for the large family of 
possible 3-MCPD monoesters and diesters. This situation has been rectified fairly 
recently, allowing for method development directed at the measurement of the 
3-MCPD esters to commence.

There are two main approaches to 3-MCPD ester analysis, which 
include (1) the measurement of 3-MCPD esters after individual esters have been 
converted to MCPD through the cleavage of fatty acid moieties using either acidic 
or alkaline conditions or using enzymatic cleavage and (2) the measurement of 
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intact MCPD esters. These methods are described as indirect methods and direct 
methods, respectively (20). 3-MCPD esters are frequently distinguished in the 
literature from 3-MCPD through reference to bound MCPD (intact 3-MCPD 
esters) and free 3-MCPD, respectively (20). 

The extraction of MCPD esters from homogeneous food samples 
is performed using solvent to extract the lipid from samples and generally 
includes the addition of isotopically labelled 3-MCPD analogues to allow for 
recovery correction during sample preparation. Labelled standards are generally 
deuterated analogues of free MCPD or MCPD esters, although 13C analogues 
have been used. 

Indirect methods are based on derivatization of the free MCPD using 
phenylboronic acid and heptafluorobutyrylimidazole, following cleavage of fatty 
acid methyl esters under acidic or alkaline conditions or via enzymatic cleavage, 
prior to indirect analysis (20). Analysis is generally performed using GC-MS, 
although early research into the determination of MCPD was also performed 
using GC with flame ionization detection and electron capture detection (21). 

In contrast, direct measurement allows for analysis of the MCPD esters 
without the need for derivatization. Two steps of solid-phase extraction are 
generally used for the cleanup of extracts prior to direct analysis (22). Analysis is 
performed with LC-MS (23). Until recently, the lack of analytical standards for 
individual MCPD esters has had an impact on the ability to perform analysis of 
the esters directly. 

3-MCPD LODs reported using indirect methods have ranged widely, 
with older data collected in the early 2000s having much higher limits (e.g. 5000 
µg/kg) than more recently developed data (<10 µg/kg). Direct methods require 
the determination of an LOD for each of the esters measured, and the LODs can 
span more than 1 order of magnitude (10–160 µg/kg). A collaborative study was 
also performed to compare results obtained for MCPD esters in oils using the 
German Society for Fat Science (DGF) and the SGS Germany GmbH methods, 
showing that both methods would accurately determine 3-MCPD concentrations 
in fats and oils, with the assumption that glycidol was the only 3-MCPD-forming 
substance in the oils (24).

A number of reference methods are available for the measurement of 
MCPD, including the Association of Official Analytical Chemists’ (AOAC) first 
action for an official method for the analysis of free 3-MCPD in a variety of foods 
(25). More recently, the AOCS developed three official methods pertaining to 
the analysis of MCPD esters exclusively in oils and fats. All three AOCS methods 
result in the determination of the 2- and 3-MCPD-equivalent concentrations, 
with a concurrent determination of glycidol-equivalent concentrations (26–28). 
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Sampling protocols 
Although the Codex Alimentarius Commission has not established specific 
sampling protocols for MCPD or its esters, general guidelines on sampling 
have been developed (29). Best practices have been established for numerous 
contaminants and include the collection of samples by qualified individuals 
using containers that are clean and non-reactive and that protect samples from 
contamination or damage during transport and storage. Sampling of commercial 
food products must ensure that samples collected are representative of the lot. 
Therefore, collection of multiple samples (incremental samples) from within the 
lot is recommended and may be used to form an aggregate sample from which 
laboratory samples may be analysed. Prior to the subsampling for laboratory 
analysis, homogenization of the aggregate sample should be performed, 
consistent with good laboratory practices. Sample collection must be focused on 
food commodities that are relevant to MCPD and MCPD esters (e.g. fats, oils, 
foods containing these products). 

Effects of processing 
3-MCPD esters are generated during the refining of crude oils and fats. The 
formation of 3-MCPD esters in oils has been associated with deodorization 
using high temperatures (30). Unrefined oils contain a variety of compounds 
that contribute to the formation of 3-MCPD esters, including acylglycerols, 
phospholipids, free fatty acids and chlorinated compounds. The details of the 
implementation of refining practices performed prior to deodorization have a 
critical impact on 3-MCPD ester formation, as does the temperature at which 
the deodorization is performed. The preliminary steps in the refining process 
include degumming or washing, neutralization, bleaching and deodorization 
(31). The condition of fruit, etc., used for making oils will also have an impact 
on the levels of 3-MCPD esters, with bruised components contributing to higher 
levels of these contaminants (32). 

Degumming of oils removes phospholipids and is generally performed at 
relatively low temperatures (80–120 °C). Neutralization of oils involves interaction 
of the oils with sodium carbonate or bicarbonate to lower the acid value (increase 
the pH), prior to deodorization. The bleaching process involves exposure of oils 
to bleaching clays to remove phospholipids from the oils. The final stage of oil 
refining is known as deodorization, where, in addition to acid treatment, oils are 
heated at higher temperatures (generally >200 °C). The refining process has been 
investigated to determine the impact on formation of glycidyl esters and MCPD 
esters, although the majority of research has focused on the MCPD esters owing 
to their earlier discovery. 
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It has been reported that palm oil has the highest concentrations 
of 3-MCPD esters compared with other oil types (e.g. soya bean, rapeseed, 
sunflower) (33, 34). Palm oil is known not to contain high levels of phospholipids; 
therefore, the degumming step is often not performed with this oil, or dry 
degumming (treatment with citric or phosphoric acid) is performed. As a result 
of the elevated 3-MCPD concentrations in palm oil, palm oil has been the focus 
of much investigation related to 3-MCPD ester formation and identification of 
mitigation strategies (35, 36). Other groups have examined seed oils (virgin and 
refined) as part of their investigation into where 3-MCPD formation is most 
important.

Unlike the glycidyl esters, formation of 3-MCPD esters is not directly 
correlated with increased temperature, particularly above 240 °C. 3-MCPD ester 
formation does occur at temperatures corresponding to the deodorization of oils 
(generally >200 °C).

Prevention and control 
Strategies to prevent and control the formation of 3-MCPD esters in oils and fats 
have been mainly focused on raw material pretreatment, the refining conditions 
and purification adsorbents. Recent reports indicate that efforts to control 
the level of 3-MCPD esters in edible oils should begin with the selection and 
washing of the raw material. In the pretreatment of oilseeds, organic chlorine–
containing compounds are considered to be the main donors in the formation 
of 3-MCPD esters (37). Washing raw material before refining with water or 
ethanol could remove those critical reactants and reduce 3-MCPD ester-forming 
capability (38). Another important strategy for the prevention and control of the 
formation of 3-MCPD esters in oils is the optimization of refining conditions, 
including water degumming, bleaching additives, steam distillation and thermal 
treatment. Control of temperature of the steam distillation and neutralization 
before the deodorization step have the greatest impact on the prevention and 
control of 3-MCPD ester formation. Dual deodorization using a short first step 
at a high temperature (250–270 °C) combined with a second longer step at a 
lower temperature (200 °C) also shows significant reduction of 3-MCPD ester 
formation. The application of adsorbents and additives, including calcinated 
zeolite, synthetic magnesium silicate and antioxidants, following deodorization 
further reduces the formation of 3-MCPD esters.
 It can be concluded that strategies to prevent and control the formation 
of 3-MCPD esters in final oil products include:

 ■ selection of raw material with low precursor content;



98

Joint FAO/WHO Expert Committee on Food Additives   Eighty-third report 
W

H
O

 T
ec

hn
ic

al
 R

ep
or

t S
er

ie
s, 

N
o.

 1
00

2,
 2

01
7

 ■ removal of precursors using chemical treatment at mid-range 
temperatures;

 ■ deodorization performed with a neutral pH at temperatures <240 °C;
 ■ adoption of dual deodorization protocols;
 ■ utilization of adsorbents to remove 3-MCPD esters in post-treatment.

The Committee noted the commitment of the European fats and oils 
industry trade organization (FEDIOL) to continue to reduce the levels of 3-MCPD 
esters in refined vegetable oils and encouraged the organization to continue to 
reduce the levels of these contaminants. 

Levels and patterns of contamination in food commodities 
Vegetable oils and fats are regional in their production and are consumed in 
relatively higher proportions in the production area than in importing countries 
(FAOSTAT database: http://www.fao.org/faostat/en/#home). Therefore, it can be 
seen that palm oil and its products are the major fats consumed in South-east 
Asia, but less dominant in Europe and North America, whereas soya bean oil is 
dominant in North and South America, and rapeseed and sunflower seed oils are 
more common in Europe. The pattern of consumption of individual oils in any 
finished food is further complicated, as a mixture of oils is often used to give a 
food a particular texture or structure. 

It is apparent that 3-MCPD esters are formed in the processing of 
vegetable oils mainly during the deodorization step. The extent to which they 
are formed may depend on the oilseed or fruit being processed and the process 
being used. Hence, the refined oil obtained from any oil source may vary in 
3-MCPD ester content. From reports of the analysis of foodstuffs in a number of 
countries, it appears that refined vegetable oil is a major contributor to the levels 
of 3-MCPD esters found in food (3). It should be noted that methods for the 
analysis of 3-MCPD esters in foods, other than for fats and oils, have not been 
subjected to full collaborative study, and it is not clear if the same samples were 
analysed by any of the laboratories involved in the provision of the majority of 
the results received from the USA, Canada and the European Union in response 
to the call for data. Although these methods themselves might exhibit reasonable 
precision for different food types, their accuracy has not been evaluated under 
rigorous conditions. Recently, a collaborative study has been organized for the 
analysis of contaminants in high-fat foods (margarines and mayonnaise), but no 
international work on other food types has been initiated. 

Early studies of 3-MCPD esters in retail food products indicated that free 
3-MCPD occurred at approximately 9.6–82.7 µg/kg food (39), whereas the levels 

http://www.fao.org/faostat/en/#home
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of 3-MCPD esters (monoesters and diesters) varied between the LOD (1.1 mg/kg 
fat) and 36.8 mg/kg fat. Foodstuffs of plant origin processed at high temperatures 
also contained elevated levels of 3-MCPD esters (0.14–6.10 mg/kg), as did coffee 
surrogates and malts following high-temperature roasting (0.145–1.184 mg/kg 
and 0.004–0.65 mg/kg, respectively) (40). In contrast, most virgin/unprocessed/
unrefined oils do not contain detectable levels of MCPD esters (33, 41). Levels 
of MCPD esters in toasted unrefined sesame oils found by MacMahon, Begley 
& Diachenko (42) were comparable with the levels of MCPD esters found in 
toasted and unrefined sesame oils by Becalski et al. (41), indicating that the 
roasting process might not be the sole reason for the presence of MCPD esters in 
processed sesame oils. There appears to be little evidence that further 3-MCPD 
esters are formed in food during processing or cooking. 

Dingel & Matissek (43) indicated that 3-MCPD esters are not formed 
during the deep frying process, perhaps because of the lower frying temperature 
used (160–188 °C) or because chlorine-containing compounds were no longer 
present in the deodorized high-oleic sunflower oil used.

Food consumption and dietary exposure assessment 
The Committee searched the scientific literature using PubMed and Web of 
Science to identify estimates of exposure to 3-MCPD, which includes 3-MCPD 
esters (expressed as 3-MCPD equivalents), free 3-MCPD and total 3-MCPD (i.e. 
3-MCPD esters and free 3-MCPD), published from 2012 to 2016. The year 2012 
was chosen as the start date owing to concerns about the accuracy of 3-MCPD 
ester analyses conducted prior to that time and to concerns that analyses of 
samples collected prior to 2012 may not reflect concentrations of 3-MCPD in 
products currently on the market. The Committee also estimated exposures to 
3-MCPD at the national and international levels based on data submitted to 
the GEMS/Food contaminants database. It should be noted that the analytical 
methods underlying some of the 3-MCPD concentration data were not provided 
and, where known, may not have been among those validated in international 
collaborative studies. A summary of estimates of 3-MCPD dietary exposure is 
shown in Table 9.

Published estimates of mean dietary exposure to 3-MCPD esters ranged 
from 0.2 µg/kg bw per day for adults to 1.3 µg/kg bw per day for children aged 
7–10 years (44, 45). Li et al. (45) estimated that adults 18–49 years of age and 
children 7–10 years of age have 95th percentile dietary exposures to 3-MCPD 
esters of 2.6 and 3.8 µg/kg bw per day, respectively, based on a probabilistic 
analysis that combined distributions of food consumption data with distributions 
of 3-MCPD ester concentrations. 
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Mean and high (95th percentile) dietary exposures to free 3-MCPD were 
0.08 and 0.44 µg/kg bw per day, respectively, in the population 10 years and older 
in Brazil (46). 

Published estimates of dietary exposure to total 3-MCPD are limited to 
those reported by EFSA (3) for Europe. The median of the mean dietary exposures 
to total 3-MCPD across European surveys ranged from 0.3 μg/kg bw per day for 
adults and elderly to 0.9 μg/kg bw per day for infants; the median of the high 
(95th percentile) dietary exposures ranged from 0.6 μg/kg bw per day for adults 
and elderly to 1.9 μg/kg bw per day for toddlers. For infants exclusively fed infant 
formula, dietary exposure to 3-MCPD esters was estimated to be 2.4 μg/kg bw 
per day, based on the mean formula concentration. Exposure was also calculated 
using the 95th percentile 3-MCPD concentration in formula to capture brand 
loyalty to products having high concentrations of 3-MCPD esters; this exposure 
was estimated to be 3.2 μg/kg bw per day.

National estimates
The Committee estimated national dietary exposures to 3-MCPD esters for Japan 
and the USA based on concentration data on fats and oils submitted to the GEMS/
Food contaminants database and on consumption data from the CIFOCOss 
database. Estimates of dietary exposure to 3-MCPD esters ranged from 0.1 µg/kg 

Table 9
Summary of estimates of dietary exposures to 3-MCPD (esters and total)

Source of estimate Population

Range of estimated dietary exposures (µg/kg bw per day)a

Mean consumption High-percentile consumptionb

Mean  
concentration

95th percentile 
concentrationc

Mean  
concentration

95th percentile 
concentrationc

National
Committee and literature Adults 0.2–0.7 0.5–2.6d

Children/adolescents 0.4–1.3 0.8–3.8d

Infantse <1–10 15–21 <1–12 25
International
Committee Adultsf 0.2–1.7 0.4–3.4

a  Includes LB and UB estimates.
b  90th or 95th percentile, depending on the assessment.
c  The 95th percentile concentration was estimated only where the number of samples was greater than 60.
d  Upper end of range based on probabilistic assessment that combined distributions of food consumption data with distributions of 3-MCPD ester concentrations.
e  Includes all estimates for infants from infant and follow-on formula and from mixed diets for 0–12 months of age. Based on data on 3-MCPD ester concentrations in 

infant formula from the GEMS/Food contaminants database and the literature.
f  Per capita estimates based on a body weight of 60 kg.
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bw per day (mean consumption by the general population, Japan) to 0.6 µg/kg bw 
per day (90th percentile consumption by children, USA).

The Committee also estimated dietary exposure to 3-MCPD esters for 
infants exclusively consuming infant formula using GEMS/Food contaminants 
data and data on infant energy requirements. Mean dietary exposures to 3-MCPD 
esters from prepared infant formula were estimated for infants in Canada and 
Japan as 5–7 µg/kg bw per day, depending on age, and in the USA as 7–10 µg/kg 
bw per day, based on estimated median formula consumption. 

Dietary exposure to 3-MCPD esters for young infants was also estimated 
based on 95th percentile 3-MCPD concentrations to capture brand loyalty 
to products having high concentrations of 3-MCPD esters. This estimate was 
possible only for the USA as a result of sample size considerations. These dietary 
exposures to 3-MCPD for infants in the USA were estimated to be 21 and 25 µg/
kg bw per day for median and 95th percentile formula consumption, respectively. 
The high dietary exposures to 3-MCPD esters estimated for formula-fed infants 
in the USA are likely due to the inclusion of palm oil and/or palm olein as 
ingredients in many infant formulas in the USA. No information was available 
on major oil ingredients in non-USA infant formula samples. 

International estimates
The Committee estimated international per capita dietary exposures to 3-MCPD 
(esters, free and total) for adults based on concentration data on fats, oils and soya 
sauce from the GEMS/Food contaminants database and on consumption data from 
the GEMS/Food cluster diets. 3-MCPD concentration data submitted by Brazil, 
Canada, China, Japan, Singapore and the USA were used in the analyses; global 
averages were used in analyses for clusters with no concentration data. Dietary 
exposures to free 3-MCPD from consumption of hydrolysed vegetable protein 
were estimated based on assumptions used in the previous JECFA assessment.

International estimates of mean dietary exposure to total 3-MCPD 
ranged from 0.2 µg/kg bw per day for cluster G14 (Comoros, Fiji, Kiribati, Papua 
New Guinea, Solomon Islands, Sri Lanka, Vanuatu) to 1.7 µg/kg bw per day for 
cluster G11 (Belgium, the Netherlands). Dietary exposures at the 90th percentile 
were estimated to be 0.4–3.4 µg/kg bw per day (Table 9). These exposures 
largely reflect contributions from fats and oils; free 3-MCPD did not contribute 
significantly to dietary exposure to total 3-MCPD.

Dose–response analysis
The main target organs for 3-MCPD and its esters in rats and for 3-MCPD in mice 
were the kidneys and the male reproductive organs. 3-MCPD was carcinogenic 
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in two rat strains, but not in mice. Oral long-term studies on toxicity and 
carcinogenicity in the F344 rat by Sunahara et al. (2) (previously evaluated by 
JECFA) and in the SD rat by Cho et al. (19) (new study) were considered the 
pivotal studies for risk assessment (Table 10), and renal tubular hyperplasia was 
considered the most sensitive end-point. In accordance with JECFA guidance 
on dose–response modelling, all models in the USEPA’s BMDS suite (version 
2.6.1) were fitted to the data from Sunahara et al. (2) and Cho et al. (19) using 
the software’s default constraints for restricted models. For the restricted models 
and the Cho et al. (19) data, the only model having acceptable fit, i.e. P-values 
greater than 0.1, was the log-logistic model. As a comparison, the BMDL10s were 
computed from unrestricted models; all of the unrestricted models estimated 
the BMDL10 at unrealistically low doses. For further comparison, the model-
averaging software of Wheeler & Bailer (47), which is available in source code 
as supplemental material, was used to compute the model-average estimate to 
compare the estimates based upon the log-logistic model. For this comparison, 
all models, except the quantal-quadratic, were included in the analysis, and the 
Bayesian Information Criterion was used to compute the model-average weights. 
The model-average BMDL10 estimates were close to the values provided by the 
log-logistic model, which gave support for the use of the log-logistic model. For 
the two studies using the BMDS suite, the BMD10 estimates for male rats ranged 
between 1.21 and 4.55 mg/kg bw per day, with 95% BMDL10s ranging between 
0.87 and 3.36 mg/kg bw per day. Female rats had a larger range between the 
two studies. Here, BMD10 estimates ranged between 1.89 and 29.1 mg/kg bw per 

Table 10
Results of benchmark dose modelling in two studies in rats

Species / study type (route of 
administration)
Reference

Doses 
(mg/kg bw per day) Critical end-point

BMD10  
(mg/kg bw per day)

BMDL10  
(mg/kg bw per day)

SD rat, 2-year study of toxicity 
and carcinogenicity (drinking-
water) 

Cho et al. (19) 

0, 1.97, 8.27, 29.5 Renal tubular hyperplasia

Male

Female

1.21a

1.29b

23.5c

28.0b

0.87a

0.89b

14.4c

20.4b

F344 rat, 2-year study of toxicity 
and carcinogenicity (drinking-
water)

Sunahara et al. (2) 

0.11, 1.1, 5.2, 28.3 Renal tubular hyperplasia

Male

Female

1.64a

2.47b

1.89a

1.96b

1.08a

1.74b

1.30a

1.60b

a Restricted log-logistic model.
b Model average.
c Restricted quantal linear model.
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day, with 95% BMDL10s ranging between 1.30 and 24.1 mg/kg bw per day. For 
the assessment, the lowest BMDL10 was 0.87 mg/kg bw per day for renal tubular 
hyperplasia in male rats from the Cho et al. (19) study using the restricted log-
logistic model.

Evaluation 
Experimental evidence indicates that 3-MCPD esters are substantially hydrolysed 
to 3-MCPD in the gastrointestinal tract and elicit toxicity as free 3-MCPD. The 
Committee therefore based its evaluation on the conservative assumption of 
complete hydrolysis of 3-MCPD esters to 3-MCPD. Whereas the experimental 
data supporting substantial hydrolysis are derived from studies with post-
weaning animals, the Committee concluded that the capacity of the neonate to 
hydrolyse fatty acids in the gut is efficient, and therefore the same assumption of 
substantial hydrolysis could be extended to this age group.

The main target organs for 3-MCPD and its esters in rats and for 
3-MCPD in mice are the kidneys and the male reproductive organs. 3-MCPD 
was carcinogenic in two rat strains, but not in mice. No genotoxic potential 
has been demonstrated in vivo for 3-MCPD. Two long-term carcinogenicity 
studies with 3-MCPD in rats were identified as pivotal studies, and renal tubular 
hyperplasia was identified as the most sensitive end-point (2, 19). The lowest 
BMDL10 for renal tubular hyperplasia was calculated to be 0.87 mg/kg bw per 
day for male rats (19). After application of a 200-fold uncertainty factor, the 
Committee established a group PMTDI of 4 µg/kg bw for 3-MCPD and 3-MCPD 
esters, singly or in combination, expressed as 3-MCPD equivalents (rounded to 
one significant figure). The overall uncertainty factor of 200 incorporates a factor 
of 2 related to the inadequacies in the studies of reproductive toxicity.

The previous PMTDI of 2 μg/kg bw for 3-MCPD, established at the fifty-
seventh meeting and retained at the sixty-seventh meeting, was withdrawn.
 The Committee noted that there are no published collaboratively studied 
methods for the determination of 3-MCPD esters in complex foods in contrast 
to the situation with fats and oils; therefore, caution should be applied when 
interpreting analytical data from complex foods. 
 The Committee further noted that there was uncertainty in comparing 
the reported levels in the same foods from different regions because of the lack 
of interlaboratory comparisons and the absence of data arising from proficiency 
testing schemes. 

The Committee noted that estimated dietary exposures to 3-MCPD for 
the general population, even for high consumers (up to 3.8 µg/kg bw per day), 
did not exceed the new PMTDI. Estimates of mean dietary exposure to 3-MCPD 
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for formula-fed infants, however, could exceed the PMTDI by up to 2.5-fold for 
certain countries (e.g. 10 μg/kg bw per day in the first month of life). 

Although the current evaluation was specific to the request for an 
evaluation of 3-MCPD esters, the Committee was aware that 2-MCPD esters can 
be detected in some of the same foods as 3-MCPD esters. There are, however, 
currently limited food occurrence data available for 2-MCPD and 2-MCPD 
esters in the GEMS/Food contaminants database, and the toxicological database 
is currently insufficient to allow a hazard characterization.

Recommendations
The Committee recommends that appropriate efforts to reduce concentrations 
of 3-MCPD esters and 3-MCPD in infant formula continue to be implemented. 

The Committee recommends that additional international collaborative 
studies should be undertaken on methods of analysis for 3-MCPD esters in relevant 
fat- or oil-containing foods in order to remove the uncertainty surrounding the 
accuracy of the data submitted to the GEMS/Food contaminants database for use 
in future evaluations.
 To address the uncertainty associated with reproductive effects, 
experimental studies would be required to elucidate the potential reproductive 
toxicity of 3-MCPD esters, including exposure of newborns.

A monograph on 3-MCPD esters, including an update on 3-MCPD since 
the last JECFA evaluation, was prepared.
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3.6  Sterigmatocystin
Explanation 
Sterigmatocystin is a toxic fungal secondary metabolite (mycotoxin) that is 
mainly produced by more than a dozen species of Aspergillus as well as by a 
number of phylogenetically and phenotypically different fungal genera (1–3). It 
is a polyketide-derived mycotoxin with CAS No. 10048-13-2 and International 
Union of Pure and Applied Chemistry (IUPAC) name (3aR,12cS)-8-hydroxy-6-
methoxy-3a,12c-dihydro-7H-furo[3′,2′:4,5]furo[2,3-c]xanthen-7-one.

Human and animal exposure can occur if there is contamination of food 
or feed by a sterigmatocystin-producing fungus. Sterigmatocystin contamination 
mainly takes place during storage and has been reported in foods such as cheese 
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and beer (4), peanuts (5), crisp bread, rye wholemeal, white bread and muesli (6), 
rice (7) and chilli (8) and in feed (9, 10).

Structurally, sterigmatocystin is closely related to aflatoxins (Fig. 7). 
Sterigmatocystin is an intermediate in the biosynthetic pathway for aflatoxins (11, 
12). Aspergillus versicolor and A. nidulans do not contain the enzymes necessary 
for the conversion of sterigmatocystin into aflatoxin (13). Only a few examples 
of co-occurrence with other mycotoxins, principally AFB1, have been reported in 
the literature (8, 14, 15).

Sterigmatocystin has not previously been evaluated by JECFA. The 
Committee reviewed sterigmatocystin at the present meeting at the request of 
CCCF.

The literature search for biological data was built on the review conducted 
by EFSA (16), updated by papers published after 2011. The search was performed 
in PubMed and Scopus. The literature search on the occurrence of and dietary 
exposure to sterigmatocystin was run using three databases (Scopus, PubMed 
and Ovid) and a cut-off date of 2000.

Biochemical aspects
In animal studies, the absorption of [14C]sterigmatocystin administered orally 
could be as high as 77–100% in adult rats (18) and 85% in vervet monkeys 
(19). In rats, peak plasma levels were reached between 3 and 12 hours after 
oral administration, with a plasma half-life of 61–130 hours; about 10% of an 

Fig. 7 
Biosynthesis of aflatoxins from sterigmatocystin (adapted from (7)) 

G1

B1

STC OMSTC AFL

STC: sterigmatocystin
OMSTC: O-methyl sterigmatocystin
AFL: aflatoxin

CH3

CH3

CH3

OH

CH3CH3

CH3



108

Joint FAO/WHO Expert Committee on Food Additives   Eighty-third report 
W

H
O

 T
ec

hn
ic

al
 R

ep
or

t S
er

ie
s, 

N
o.

 1
00

2,
 2

01
7

administered dose was eliminated in the urine, and 64–92% in the faeces (18). 
The half-life of excretion was 44 hours (20). In the vervet monkey, 70% of an oral 
dose was excreted unchanged in the faeces, 15% was eliminated in the urine and 
4.5% was eliminated in the bile as sterigmatocystin glucuronide (19, 21).

The structures of phase I metabolites observed in vitro have not been 
completely identified, and there is no consensus in the literature about the 
pathways of metabolism. As sterigmatocystin forms DNA adducts and is 
structurally related to aflatoxins, some authors have speculated that a transient 
reactive epoxide, exo-sterigmatocystin-1,2-oxide, may be formed (22–25), but 
this is not supported by others (26, 27). Regarding phase II metabolites, in vivo 
studies in rats and vervet monkeys identified a glucuronide conjugate as the 
major metabolite in urine, and no sulfate conjugates were observed (19, 21, 28). 
In vitro studies also reported the formation of a glucuronide conjugate (24, 25).

Toxicological studies
In acute toxicity tests, oral LD50 values for purified sterigmatocystin in rats were 
120 mg/kg bw and above (29). The main target organs for acute toxicity in both 
rat and vervet monkey following acute oral and intraperitoneal dosing were the 
liver and kidney, which showed haemorrhage and necrosis in both species, with 
bile duct proliferation in the vervet monkey (29, 30).

Short-term toxicity studies confirm that the liver is the main target 
organ for the toxicity of sterigmatocystin (31–34). In the rat, a dose of purified 
sterigmatocystin equivalent to 5–10 mg/kg bw per day administered in the feed 
for 2–16 weeks caused extensive histopathological changes in the liver, leading 
to necrosis; hyperplastic nodules and bile duct proliferation were observed 
(32). A lower dose of sterigmatocystin of 0.2 mg/kg bw per day given in the diet 
(contaminated with A. versicolor) for 30 days also led to necrosis of the liver 
and caused depletion of cellular antioxidants and generation of reactive oxygen 
species, resulting in lipid peroxidation (34). Guinea-pigs given sterigmatocystin in 
capsules for 2 weeks at 4.2 mg/animal per day also showed extensive liver damage 
(33). Vervet monkeys given sterigmatocystin by intragastric administration at a 
dose of 20 mg/kg bw per day every 2 weeks for 12 months showed progressive 
necrotic liver changes and chronic hepatitis, culminating in large hyperplastic 
nodules with pleomorphic nuclei (31).

In long-term studies, sterigmatocystin was carcinogenic after oral 
administration in mice (35, 36), rats (37–40) and monkeys (species not specified) 
(41). Sterigmatocystin was also carcinogenic in experimental animals after 
intraperitoneal, subcutaneous or dermal administration (42–45).

Mice fed intermittently (2 weeks on, 2 weeks off) for up to 58 weeks 
with a diet containing sterigmatocystin (commercial or from mouldy rice 
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contaminated with A. versicolor) at a dose equivalent to 0.75 mg/kg bw per day 
showed increased incidences of pulmonary adenomas and adenocarcinomas in 
both males and females, with both forms of sterigmatocystin (35). Mice given 
purified sterigmatocystin in the diet at doses equivalent to 4.5 and 18 mg/kg bw 
per day for up to 55 weeks showed low incidences of hepatocellular adenoma 
and hepatocellular carcinoma, but high incidences of haemangioendotheliomas, 
hepatic angiosarcomas and brown fat angiosarcomas (36). The Committee noted 
that the results of this study show that sterigmatocystin has two targets for 
carcinogenicity – namely, the hepatocytes and the blood vessels.

Wistar-derived male and female rats were given purified sterigmatocystin 
for 52 weeks at a dose of 0.15, 0.3 or 1.5 mg/rat by gavage, 5 days a week, or 
continuously in the diet at doses equivalent to 0.5, 1 and 5 mg/kg bw per day for 
the first 6 months, increasing to 0.75, 1.5 and 7.5 mg/kg bw per day for the second 
6 months. There was a high incidence of mortality in the high-dose dietary 
group. Hepatocellular carcinomas were seen at all doses with both methods of 
administration in 40–100% of survivors, with a clear dose–response relationship 
in the groups dosed by gavage (37). In another study in male Wistar rats given 
purified sterigmatocystin in the diet at a dose equivalent to 0.5 mg/kg bw per day 
for 54 weeks, 53% developed hepatocellular carcinomas (38).

In male Donryu rats exposed to sterigmatocystin for up to 101 weeks 
from feed to which mouldy rice contaminated with A. versicolor was added, 
giving doses equivalent to 0.25 and 0.5 mg/kg bw per day, a high proportion 
of test animals died as a result of infection. In the survivors, the incidence of 
hepatocellular carcinomas was 85% and 92% in the low- and high-dose groups, 
respectively (39).

In male ACI/N rats given purified sterigmatocystin in the diet for more 
than 2 years at a dose equivalent to 0.005, 0.05 or 0.5 mg/kg bw per day, tumours in 
the liver, testis, adrenal gland and 12 other sites were found. The overall incidence 
of tumours of all types combined did not show a dose–response relationship, 
but the incidence of liver tumours was dose related (0/11, 0/27, 1/29 and 5/26 
in control, low-dose, mid-dose and high-dose groups). One animal in the mid-
dose group had a liver haemangiosarcoma; three animals in the high-dose group 
had haemangiosarcoma, and one had hepatocellular carcinoma. The Committee 
noted that the authors stated that there were five liver tumours in total in the 
highest-dose group, but the breakdown of the histological types accounts for 
only four tumours. There were clear dose–response relationships for other non-
neoplastic histopathological changes in the liver, including central necrosis (2/11, 
7/27, 14/29 and 16/26 in control, low-dose, mid-dose and high-dose groups), 
hyperplastic foci or areas of hepatocellular alteration (1/11, 4/27, 9/29 and 21/26 
in control, low-dose, mid-dose and high-dose groups) and hyperplastic nodules 
(0/11, 0/27, 0/29 and 3/26 in control, low-dose, mid-dose and high-dose groups) 
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described by the authors as benign hepatic cell tumours (40). Although not all 
such lesions are preneoplastic and such lesions do not necessarily progress to 
carcinomas, hyperplastic foci and hyperplastic nodules are known to be increased 
in incidence after administration of hepatocarcinogens (46, 47). 

In 30 monkeys (species not specified) treated orally once a week with 
sterigmatocystin at either 1.0 or 2.0 mg/kg bw (equivalent to 0.14 and 0.29 mg/kg 
bw per day) for about 18 years, 33% of treated monkeys developed one or more 
hepatic tumours. Five animals in each dose group developed hepatic tumours; in 
total across the two dose groups, there were seven hepatocellular carcinomas, two 
cholangiocarcinomas and one cholangiosarcoma. One monkey developed a renal 
cell carcinoma. The incidence of tumours in each dose group was not given (41).

Although there are a number of long-term studies in rodents, the majority 
of them have limitations with regard to their utility for risk assessment owing to 
small numbers of animals, use of only one sex, use of only one or two doses, less 
than lifetime durations of exposure, or use of fungal preparations or mouldy feed 
as test material in which other mycotoxins were likely to be present. It should 
be noted that the study by Maekawa et al. (40) also has limitations (e.g. brief 
reporting, only male rats used, small control group, dosing not commencing until 
11 weeks of age, and a discrepancy between the total numbers of liver tumours 
given in tables), but the Committee considered that it was the only study with 
data that are appropriate for dose–response analysis. 

The Committee noted that the rat strain used in the Maekawa et al. (40) 
study, ACI/N, did not appear to be as responsive as other strains tested in terms 
of the induction of hepatocellular tumours. Comparing the results from dietary 
administration of sterigmatocystin, Purchase & van der Watt (37) reported that 
8/9 Wistar-derived rats developed hepatocellular carcinoma at the lowest dose 
tested of 0.5–0.75 mg/kg bw per day for 52 weeks, Terao, Aikawa & Kera (38) 
reported that 8/14 Wistar rats developed hepatocellular carcinoma at the only 
dose tested of 0.5 mg/kg bw per day for 54 weeks, and Ohtsubo, Saito & Kimura 
(39) reported that 11/13 Donryu rats developed hepatocellular carcinoma at the 
lowest dose tested of 0.25 mg/kg bw per day for up to 101 weeks. By contrast, in 
the study of Maekawa et al. (40), only 1/26 ACI/N rats developed hepatocellular 
carcinoma at the highest dose tested of 0.5 mg/kg bw per day for up to 122 weeks, 
with slightly more hepatic haemangiosarcomas (3/26 and 1/29 in the high- and 
mid-dose groups, respectively). ACI/N rats also developed proportionately more 
haemangiosarcomas than hepatocellular carcinomas, which is the opposite of the 
reported findings in the other two strains.

Extensive in vitro studies on the genotoxicity of sterigmatocystin are 
available, and almost all tests give positive results. Sterigmatocystin is mutagenic 
in vitro in bacterial cells after metabolic activation (48–56) and in mammalian 
cells (57–60). It induces chromosomal aberrations, micronuclei and chromosome 
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damage (sister chromatid exchange, unscheduled DNA synthesis, comet assay) in 
vitro in mammalian cells, including human cells (54, 57, 61–72). In vivo, it causes 
chromosomal aberrations in rats, chromosomal aberrations and micronuclei in 
fish, and chromosome damage (sister chromatid exchange) in mice (73–75).

Sterigmatocystin forms guanyl-N7 adducts in vitro with calf thymus 
DNA in the presence of rat or human liver microsomes (22, 56) and forms dose-
related DNA adducts in rat liver in vivo after intraperitoneal administration (76, 
77). 

Taking account of the available information on genotoxicity, 
carcinogenicity and DNA adduct formation, the Committee concluded that 
sterigmatocystin is genotoxic and carcinogenic.

Studies on immunotoxic effects suggest that sterigmatocystin may have 
immunomodulatory activity (16, 33, 78–81). However, firm conclusions cannot be 
drawn, because the in vivo data are difficult to interpret as specific immunotoxic 
effects, whereas the relevance of the in vitro data is difficult to interpret, 
because these experiments were conducted with rather high concentrations of 
sterigmatocystin.

There are no data on the reproductive or developmental toxicity of 
sterigmatocystin in mammalian species.

Sterigmatocystin and aflatoxin B1

Compared with AFB1, the acute oral toxicity (LD50) of sterigmatocystin in rats is 
10 or more times lower (29, 82). 

In a short-term toxicity study in which sterigmatocystin was 
administered orally to rats for up to 16 weeks with interim kills, there were 
extensive histopathological changes in the liver leading to necrosis, but the study 
authors noted that bile duct proliferation did not progress beyond that seen after 
8 weeks of exposure and was not nearly as extensive as that following aflatoxin 
(probably AFB1) treatment (32). 

The carcinogenic potency of sterigmatocystin relative to that of aflatoxin 
(probably AFB1) has been considered by Purchase & van der Watt (37). In their 
studies on Wistar-derived rats, administration of 105 µg of aflatoxin per week 
for 50 weeks resulted in 6/7 rats (86%) developing hepatomas in 80 weeks; in 
comparison, 60% or 80% of rats receiving 750 or 1500 µg sterigmatocystin per 
week, respectively, for 52 weeks developed tumours or hyperplastic nodules 
by week 123. From these data, Purchase & van der Watt (37) estimated that 
aflatoxin is “no more than 10 times” as potent as sterigmatocystin. The authors 
also noted the virtual absence of bile duct proliferation and complete absence 
of cholangiocarcinomas after sterigmatocystin administration, in contrast to the 
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extensive bile duct reaction produced by aflatoxin. There have been no studies in 
which purified AFB1 and sterigmatocystin have been given in combination.

Regarding genotoxicity, sterigmatocystin was found to be less mutagenic 
than AFB1 in bacterial cells in the presence of metabolic activation (48–54). 
However, inconsistent results were obtained in bacterial cells using human 
liver extract for metabolic activation, sometimes showing less and sometimes 
more mutagenicity (50). In mouse hepatocytes, induction of unscheduled DNA 
synthesis was higher for AFB1 than for sterigmatocystin (54, 62). However, in 
human skin fibroblasts, the induction of unscheduled DNA synthesis with 
sterigmatocystin was higher than with AFB1, with or without metabolic activation 
(61). In a mouse mammary carcinoma cell line, the induction of 8-azaguanine-
resistant mutations and the level of chromosomal aberrations were higher for 
sterigmatocystin than for AFB1 (57).

Observations in domestic animals/veterinary toxicology
In dairy cattle, a case of poisoning in a farm in the USA has been reported in 
relation to feed contamination by several fungal strains, dominated by A. 
versicolor and A. candidus. The concentration of sterigmatocystin was 7.75 mg/
kg feed. The animals exhibited bloody diarrhoea, loss of milk production and 
death in some cases (83). 

Observations in humans
Studies in China have suggested that there is a correlation between exposure to 
sterigmatocystin (contamination rate and content in grains) and the prevalence of 
stomach and liver cancers (84). A clinical study in China detected sterigmatocystin 
in the blood of 4/13 patients with liver and stomach cancer (range 65–113 μg/kg) 
and in 1/14 healthy persons (68 μg/kg), but sterigmatocystin concentrations in 
the urine were all below the LOD. Sterigmatocystin–DNA adducts were found in 
50% of sampled tissues of tumours from 12 patients (85).

Analytical methods 
Screening tests for sterigmatocystin include TLC and rapid test kits based on 
antibodies. Prior to the mid-1990s, only a very limited number of research 
papers had been published on the screening of sterigmatocystin using qualitative 
and semiquantitative methods. ELISA or immunochromatographic devices as 
screening tests for mycotoxins are commercially available, but few are suitable 
to screen for sterigmatocystin in food. Positive results should be confirmed with 
specific and quantitative methods. 

Analytical methods for the determination of sterigmatocystin in 
foodstuffs include TLC, GC, GC-MS, HPLC with ultraviolet (UV) detection, 
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HPLC with fluorescence detection, LC-MS, LC-MS/MS and ELISA; however, 
methods published in the scientific literature in recent years indicate that LC-
MS/MS is a fast, accurate and reproducible technique for the detection and 
quantification of sterigmatocystin in foods and feeds (86, 87). Chromatographic 
methods with an LOQ of 2 µg/kg for sterigmatocystin have been developed and 
validated (88, 89). Further advances in the analysis of sterigmatocystin have been 
achieved by application of multi-mycotoxin analysis using LC-MS/MS (90, 91). 

Yao et al. (92) developed a biosensor constructed by multi-walled carbon 
nanotubes for the detection of sterigmatocystin. Chen et al. (93) also developed 
a rapid and highly sensitive electrochemical biosensor for the detection of 
sterigmatocystin based on an enzyme, aflatoxin oxidase.

Real-time quantitative polymerase chain reaction (qPCR) methods have 
been proposed to quantify sterigmatocystin-producing fungi in foods with a 
minimum LOD of 10 colony-forming units per gram. It had been reported that 
the qPCR method would be useful for monitoring sterigmatocystin-producing 
fungi in hazard analysis and critical control point (HACCP) programmes to 
prevent accumulation of the toxin in foods during storage and processing. 

No certified reference materials are available for the determination of 
sterigmatocystin in food matrices. Furthermore, no proficiency tests or quality 
assurance interlaboratory schemes for the analysis of sterigmatocystin in food or 
feed have been identified. 

Sampling protocols 
An effective sampling protocol is a prerequisite for the control of mycotoxins in 
food and feed. Although no sampling protocols specific to sterigmatocystin were 
found, there are some generic guidelines on sampling of mycotoxins available. 
The FAO sampling tool on sampling protocols, developed for both food analysts 
and regulatory officials, can be used (94), and there are sampling protocols 
available from the Codex Alimentarius Commission’s standard CODEX STAN 
193-1995 (95). Furthermore, the European Commission has sampling protocols 
for the purpose of official control of the levels of mycotoxins in foodstuffs, as 
described in Regulation (EC) No 401/2006 and its amendments (96).

Effects of processing 
Cleaning methods such as sieving fines or broken kernels from bulk materials 
and sorting, by physically removing contaminated kernels, have been shown to 
reduce mycotoxins; however, there is no information on such processes for the 
reduction of sterigmatocystin in food commodities. Milling and baking processes 
have been reported to decrease sterigmatocystin levels. Roasting of coffee beans 
at 200 °C for 20 minutes reduced the concentration of added sterigmatocystin by 
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68% under laboratory conditions (97). Sterigmatocystin levels were reported to 
decrease during food fermentation and in cheese making; a report showed 80% 
reduction of sterigmatocystin in the curd and 20% in the whey, indicating low 
solubility of the toxin in aqueous media. Sterigmatocystin has also been reported 
in beer, which indicates that the toxin can survive the brewing process (90). 

Food processing, such as milling, roasting, bread making, cheese making 
and fermentation, can result in decreased levels of sterigmatocystin in foods; 
however, the extent of decrease depends on the type of food and processing 
conditions.

Prevention and control 
Sterigmatocystin is produced during storage of food and feed, which means that 
prevention and control will focus on postharvest measures. However, specific 
management and control measures to prevent sterigmatocystin in food and feed 
were not identified. It is assumed that most of the strategies focusing on prevention 
of aflatoxin contamination postharvest may also be relevant for sterigmatocystin, 
as these two mycotoxins have a common biosynthetic pathway. 

Several in vitro studies reported on prevention of fungal growth or 
production of sterigmatocystin by, for example, extracts of oregano, African 
pencil-cedar, tomato, onions and garlic (98–101). 

The most important postharvest measure to prevent sterigmatocystin 
contamination is management of storage conditions. It was reported that 
storing grains at controlled temperature and water activity with elevated carbon 
dioxide and low oxygen concentrations resulted in no observable growth of or 
sterigmatocystin production by A. flavus and A. parasiticus (102). 

Also, no mycelial growth or sterigmatocystin production was detected 
after gamma irradiation of A. versicolor in vitro (103), and irradiation was shown 
to eliminate the occurrence of the fungus and toxin in dairy cattle feed (104). 

Levels and patterns of contamination in food commodities 
In total, 4419 data on sterigmatocystin occurrence were reported in the GEMS/
Food contaminants database, with 94% censorship globally. The only food 
commodity analysed is cereals and cereal-based foods. Africa is the region that 
contributes the most positive data, with 21% positive samples, all being sorghum; 
10% of the positive samples had concentrations in excess of 100 µg/kg. Data from 
the other WHO regions show lower prevalence: 1.75% for the Americas, 0% (0/51 
food samples) for the Western Pacific, 2.9% for the Eastern Mediterranean, and 
0% (0/246 samples) for Europe. The range of LODs reported was 0.3–3 µg/kg. 
 Approximately 50 papers were found in the scientific literature with 
information on sterigmatocystin occurrence. Most of the publications employed 
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multi-mycotoxin analysis and were not on sterigmatocystin specifically, and they 
were therefore difficult to interpret. Most information was found on cereals and 
cereal-based products. There were also positive detections at low concentrations 
(usually below 20 µg/kg) in cheese, chilli, pepper, coffee, beer and nuts. 
 Contamination of feed is generally low, with a few reports of high 
concentrations (maximum 733 µg/kg) in Japan, Argentina and the Russian 
Federation. No reports were found on the occurrence of sterigmatocystin 
in animal products; therefore, it was not possible to evaluate the transfer of 
sterigmatocystin from feed to foods.

Food consumption and dietary exposure assessment 
As a consequence of the limited information on occurrence, few dietary exposure 
evaluations were published. Dietary exposure through coffee consumption was 
estimated for Spain, with mean values of 0.049 ng/kg bw per day for adults and 
0.011 ng/kg bw per day for adolescents (105). Dietary exposure to sterigmatocystin 
from wheat consumption in the Syrian Arab Republic was estimated to range 
between 0.7 and 10 ng/kg bw per day, the latter being a worst-case scenario (106). 
Another estimated dietary exposure to sterigmatocystin was from consumption 
of spices in Sri Lanka, resulting in a mean range of 0.04–0.15 ng/kg bw per day 
for adults (lowest LB–highest UB) (107). These dietary exposure estimates were 
based on very limited data and cannot be considered as representative of national 
or international exposure.

International estimates
Considering the limited contamination data in published papers and the very 
high proportion of non-detected analytical results for sterigmatocystin in foods 
(from 78.5% for Africa up to 100% for Europe and the Western Pacific), an LB–
UB approach was used by the Committee to calculate estimates only for WHO 
regions for which data on consumption and contamination were available in the 
GEMS/Food contaminants database and the GEMS/Food cluster diets (Table 11). 
The five WHO regions analysed were Africa (G13 cluster diet with sorghum), 
Eastern Mediterranean (G13 cluster diet with sorghum), Europe (average of G07, 
G08, G11 and G15 cluster diets with cereals, snacks and desserts), Western Pacific 
(G10 cluster diet with cereals) and the Americas (G10 cluster diet with cereals, 
food for infants, legumes and pulses, nuts and oilseeds, starchy roots). 

The best refined international LB–UB mean (or high) exposure estimates 
for adults were 16–17 ng/kg bw per day (32–34 ng/kg bw per day) for Africa, 
0.3–6.3 ng/kg bw per day (0.6–13 ng/kg bw per day) for the Americas, 0.3–3.5 ng/
kg bw per day (0.6–7 ng/kg bw per day) for the Eastern Mediterranean, 0–22 ng/
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kg bw per day (0–44 ng/kg bw per day) for Europe and 0–0.5 ng/kg bw per day 
(0–1 ng/kg bw per day) for the Western Pacific. 

These results are very uncertain because of the very high left-censorship 
(below LOD), equal to 100% in Europe and in Western Pacific, except for Africa, 
and the limited number of food commodities analysed. 

Dose–response analysis
The critical effect for sterigmatocystin is carcinogenicity, and the long-term rat 
study by Maekawa et al. (40), using dietary administration of doses equivalent 
to 0, 0.005, 0.05 and 0.5 mg/kg bw per day, was considered the most suitable 
for dose–response modelling. The critical end-point selected was hepatic 
haemangiosarcoma in male rats. In accordance with JECFA guidance on dose–
response modelling, all models in the USEPA’s BMDS software (version 2.6.1) were 
fitted to the data using the software’s default constraints for restricted models. The 
log-logistic model yielded the lowest estimate of the BMDL10, 0.16 mg/kg bw per 
day. For comparison (see section 2.1.1), the model-averaging software of Wheeler 
& Bailer (109), which is available in source code as supplemental material, was 
used to compute the model-average estimate to compare the estimates based 
upon the log-logistic model. For this comparison, all models, except the quantal-
quadratic, were included, and the Bayesian Information Criterion was used 
to compute the model-average weights. The BMDL10 estimates using model 
averaging yielded an estimate of 0.30 mg/kg bw per day.

Table 11
Exposure estimatesa for adults for WHO regions

WHO region
Mean exposure (LB–UB)  

(ng/kg bw per day)
High exposure (LB–UB)b 

(ng/kg bw per day) Left-censorshipc (%)
Africa 
(Burkina Faso, Mali, Ethiopia)

16–17 32–34 78.5

Americas 
(Canada)

0.3–6.3 0.6–13 98.25

Eastern Mediterranean
(Sudan)

0.3–3.5 0.6–7 97.1

Europe 
(Czech Republic, the Netherlands, 
United Kingdom)

0–22 0–44 100

Western Pacific 
(Japan)

0–0.5 0–1 100

a Estimates are per capita based on a mean body weight of 60 kg for adults.
b  High estimates were estimated by the Committee to be equal to twice the mean, which is a good approximation of the 90th percentile (108).
c  Below the LOD.
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 The Committee selected the BMDL10 of 0.16 mg/kg bw per day for hepatic 
haemangiosarcoma in male rats (40) from the restricted log-logistic model as the 
point of departure for use in the risk assessment.

Evaluation 
As it is not appropriate to establish a health-based guidance value for substances 
that are genotoxic carcinogens, the Committee used an MOE approach based 
on the BMDL10 for sterigmatocystin of 0.16 mg/kg bw per day as the point of 
departure.
 The Committee noted that there is a paucity of occurrence data, and 
what data were available to the Committee frequently were left-censored, thereby 
increasing the uncertainty in the exposure assessment.

The Committee calculated MOEs for mean and high estimates of dietary 
exposure to sterigmatocystin. The MOEs for adults ranged from 9400 to more 
than 530 000 for mean estimates based on UB and LB assumptions, respectively. 
For high estimates, MOEs for adults ranged from 4700 to 270 000. The lowest 
MOEs were observed for the African Region (from 4700 [UB] to 5000 [LB] for the 
high-exposure range, and from 9400 [UB] to 10 000 [LB] for the mean-exposure 
range). The Committee noted that these estimates, which are based only on adult 
populations and for which only one food commodity (sorghum) was considered, 
may indicate a human health concern. MOEs were not calculated for Europe or 
Japan, as sterigmatocystin was not detected in any samples. For all other regions, 
the Committee considered that the MOEs were not of human health concern 
even at the UB high exposure. 

Overall, the Committee concluded that the data used for calculating 
the MOEs have considerable limitations, both for the dietary exposure estimate 
and for the toxicological point of departure. Limited data on occurrence in food 
were available, and analytical detection limits were high in some countries. The 
only long-term carcinogenicity study suitable for dose–response modelling used 
an uncommon strain of rat (ACI/N), and, in view of the low incidence of liver 
tumours in this animal model, it may not be the most appropriate for human risk 
assessment. Consequently, the derived MOEs should be considered only as crude 
estimates.

The Committee also noted that sterigmatocystin and AFB1 have the same 
main target organ (the liver). The comparative animal data on carcinogenicity are 
very limited, but indicate that sterigmatocystin is less potent than AFB1.

Recommendations
The Committee recommends improving the LOQs for sterigmatocystin, 
particularly when developing multi-mycotoxin methods.
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 The Committee recommends that more food commodities, especially 
stored crops, be analysed with appropriate analytical LODs that would allow 
refining the estimates of dietary exposure to sterigmatocystin from all regions.
 The Committee encourages the development of suitable certified reference 
materials and proficiency tests to support the analysis of sterigmatocystin.

A monograph was prepared.
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3.7  Co-exposure of fumonisins with aflatoxins
Explanation 
Fumonisins and aflatoxins are mycotoxins produced by fungi of Fusarium and 
Aspergillus species. Considering that fumonisins and aflatoxins are both frequent 
contaminants in cereal (especially maize, rice, sorghum and wheat) and cereal-
based foods and that aflatoxins are common contaminants in groundnuts and 
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tree nuts, co-exposure to both mycotoxins is likely in areas where these foods are 
consumed as part of the routine diet. 

As part of the evaluation of fumonisins at the seventy-fourth meeting 
(Annex 1, reference 205), the Committee evaluated the toxicological data on the 
concurrent exposure to fumonisins and other mycotoxins. There were no human 
studies available showing co-exposure, but there were co-exposure toxicological 
studies available using animal models. None of the co-exposure studies in 
animal models was considered adequate for use in the Committee’s evaluation of 
fumonisins; the Committee noted that the interaction between AFB1, a compound 
with known genotoxic and hepatocarcinogenic properties, and fumonisins, 
which have the potential to induce regenerative cell proliferation in the liver, 
would be of concern. The Committee has not performed a full evaluation for the 
co-exposure of fumonisins and aflatoxins previously. 
 At the current meeting, the Committee evaluated updated toxicological 
and exposure data for fumonisins and aflatoxins separately (see sections 3.1 
and 3.3). At the request of CCCF, the Committee also evaluated co-exposure 
to aflatoxins and fumonisins. The evaluation was based on a comprehensive 
literature search (University of Georgia Libraries Galileo databases, University 
of Saskatchewan Electronic Library, PubMed and Web of Science) for relevant 
publications from 2010 to 2016. 

Biochemical aspects
The biochemical aspects of aflatoxins and fumonisins have been provided 
separately in the current meeting report (see sections 3.1 and 3.3). 

The results from a rat study showed that co-exposure (single oral gavage) 
to pure AFB1 (0.125 mg) and pure FB1 (25 mg) resulted in a decrease in urinary 
excretion of AFB1 (as measured by urinary AFM1 [UAFM1]) and UFB1 compared 
with the excretion when either mycotoxin was administered alone. In contrast, 
an increase in the serum AFB1–alb adduct, derived from the metabolic activation 
pathway that forms the reactive AFB1-8,9-epoxide intermediates, was observed. 
The mechanism for this pharmacokinetic interaction was not clear, yet it was 
suggested that the CYP metabolism of AFB1 might be affected (1). The Committee 
acknowledged that if the co-exposure alters the AFB1 metabolism and leads 
to a change in production of the reactive AFB1-exo-8,9-epoxide intermediate, 
co-exposure could in principle alter the risk of hepatocarcinogenicity of AFB1. 
However, there is currently no evidence that the interaction observed at the high 
concentrations used in the study also occurs at doses relevant to human exposure.

Another mechanism of interaction, as noted by the Committee at 
previous meetings, is based on the fact that AFB1 is a genotoxic initiator of 
tumour formation in liver and that FB1 is a potential cancer promotor in liver 
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(2, 3) (Annex 1, references 77 and 205). The mutagenicity and carcinogenicity of 
AFB1 have been described in detail in section 3.1 of this report. As for FB1, recent 
human data have provided further support that daily exposure to high levels 
of fumonisins is likely to result in inhibition of ceramide synthase in humans, 
as is observed in animals (section 3.3). Decreased ceramide biosynthesis and 
increased sphingosine kinase activity have been associated with the development 
and progression of many human tumours (4–6). Ceramide synthase 2 knock-
out mice show elevated levels of sphinganine, apoptosis and proliferation in the 
liver, upregulation of cell cycle–related genes, and spontaneously developed liver 
tumours (7, 8). Many of the changes and effects seen in the liver of the ceramide 
synthase 2 knock-out mice are reminiscent of changes and effects reported in 
studies where ceramide synthases are inhibited by FB1. These changes have 
been interpreted as the regenerative hyperplasia process that could promote the 
tumorigenic potential of DNA damage initiated by AFB1. 

Toxicological studies
The Committee at the seventy-fourth meeting reviewed the combined effects 
of fumonisins and other mycotoxins. These studies had limitations and showed 
inconclusive and sometimes contradictory results. The Committee at the seventy-
fourth meeting concluded that because the fumonisins known to date do not share 
a similar mode of action with any other mycotoxin, it was unlikely that simple 
additive effects with other mycotoxins would occur (Annex 1, reference 205). 

In the present evaluation, the newly available in vivo and in vitro studies 
of combined effects were evaluated for evidence suggestive of interactions. 
  No long-term study on the effect of aflatoxin–fumonisin co-exposure has 
been done since the Committee’s last evaluation. 

In one mouse study, pure AFB1 (80 µg/kg bw per day) and pure FB1 (100 
µg/kg bw per day) were given by oral gavage, either alone or in combination, 
for 14 days. Among the observed effects, some showed less than additivity (i.e. 
the end-point was affected to the same extent for AFB1 only, FB1 only and co-
exposure groups), such as the increase in relative spleen weight, whereas others 
showed additivity, such as activities of enzymes indicative of oxidative stress (9).

In a rat feeding study, F344 rats were exposed to pure AFB1 (equivalent to 
15 µg/kg bw per day for 14 days) and pure FB1 (equivalent to 25 mg/kg bw per day 
for 21 days), alone or sequentially (the rats were treated with AFB1 and then FB1, 
with a recovery period of 21 days in between). The results showed that effects on 
some end-points, such as body weight, appeared to be less than additive, whereas 
others, such as the effects on some liver enzymes, appeared to be additive. 
Importantly, the lesions indicating liver damage, such as average number of 
apoptotic cells and the number and area of GST placental form positive (GST-P+) 
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foci, were found to be synergistic (10). These results support the hypothesis that 
fumonisins may be a promoter for aflatoxin-initiated hepatocarcinogenesis and 
confirmed the previous findings by Gelderblom et al. (3), which, along with the 
study in trout (2), were the basis for the Committee to acknowledge the concern 
for the increased hepatocarcinogenicity under the condition of co-exposure to 
aflatoxins and fumonisins. 

In another rat feeding study, Wistar rats were exposed for 90 days to 
FB1 (100 mg/kg in diet from culture material extract) and pure AFB1 (40 µg/
kg diet), either alone or in combination. Spleen mononuclear cells were isolated 
and analysed immediately for a series of toxicological end-points, most of which 
suggested a less than additive effect (11). 

Chickens were fed diets containing aflatoxins (equivalent to 0.125 mg/kg 
bw, prepared with A. flavus culture material) or fumonisins (equivalent to 3.125 
mg/kg bw, prepared with F. verticillioides culture material), alone or combined, 
for 56 days. Changes in plasma triglycerides, very low density lipoprotein levels 
and percentage of total liver lipids were observed in the co-exposure group (12). 
The nature of the interactions was not defined by the authors, but they appeared 
to be additive or less than additive.

The Committee noted that the above studies were conducted using only 
one dose of aflatoxins and fumonisins; thus, the nature of the interaction could 
not be assessed. The errors and pitfalls of this approach have also been critiqued 
by Chou (13).

Since 2011, there have been only a few in vitro studies published 
addressing the AFB1 and FB1 co-exposure interaction. In rat spleen mononuclear 
cells, AFB1 and FB1 each induced production of reactive oxygen species, with 
the combined effect being less than additive. However, other effects, such as on 
superoxide anion radical generation, protein oxidation, lipid peroxidation and 
DNA oxidation, were mostly suggestive of additivity in the combined treatment 
(14). In a rat liver hepatoma cell line, FB1 alone or in combination with AFB1 
increased CYP1A transcription and activity, as well as upregulated the aryl 
hydrocarbon receptor in a dose-dependent manner. The effects were greatest in 
the cells treated with the FB1–AFB1 mixture, and in some cases the effects were 
suggestive of being more than additive (15). Because in vitro cytotoxicity of FB1 
and the metabolism of AFB1 are highly dependent on the cell type, the Committee 
noted that the in vitro results need to be interpreted carefully. 

With limited knowledge of the in vitro–in vivo extrapolation of many of 
the tested toxicological end-points and the above-mentioned limitations in the 
in vivo studies, the Committee concluded that the available toxicological studies 
do not provide adequate information on aflatoxin–fumonisin interactions to 
facilitate an understanding of the role of co-exposure as a contributing factor in 
human disease. 
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Observations in humans
Urinary multi-biomarker analytical methods have recently been developed and 
increasingly used to estimate human exposure to mycotoxins. These methods are 
typically capable of simultaneously measuring the concentration of more than 
five urinary mycotoxin biomarkers, including UFB1 and UAFM1. In spite of a 
number of studies reporting the measurement of multiple urinary mycotoxin 
biomarkers concurrently, many provided the frequency of positive samples for 
each mycotoxin separately; thus, the status of co-occurrence of UFB1 and UAFM1 
in the samples is unknown. 
 Very few multi-biomarker analytical studies provided the urinary 
mycotoxin biomarker co-occurrence information. In a study conducted in women 
in Guatemala, of a total of 602 urine samples, 287 (48%) were positive for UFB1, 
90 (15%) were positive for AFM1 and 66 of the 90 AFM1-positive samples were 
also positive for FB1 (73%). This result was in concordance with the fact that the 
contamination of maize with fumonisins and aflatoxins is common in Guatemala 
(16). None of the other studies has analysed samples from a population that 
was known to consume foods with frequent co-contamination of aflatoxins and 
fumonisins. With the low frequency of positive samples, no UFB1 and UAFM1 
co-occurrence was found from those studies. 
 One study in the United Republic of Tanzania measured UFB1 and 
plasma aflatoxin–albumin adducts (AF–alb) in children. UFB1 and AF–alb were 
detectable in 96% and 84% of the children, respectively, and 82% of the children 
had co-exposure. There was a significant positive correlation between levels of 
UFB1 and AF–alb (17). 
 Although evidence in laboratory animals has suggested an additive or 
synergistic effect of fumonisin and aflatoxin co-exposure in the development of 
preneoplastic lesions (3, 10) or hepatocellular carcinoma (2), currently no data 
are available on such effects in humans.
 Two prospective epidemiological studies were conducted in the United 
Republic of Tanzania to investigate the role of fumonisins, aflatoxins and their 
co-exposure in childhood growth. In one study, a significant negative association 
was observed between UFB1, but not AF–alb, and length growth for 166 children 
followed up until 6–14 months of age. However, no interpretable results were 
found regarding the effect of fumonisin–aflatoxin co-exposure (18). In the other 
study, exposure to fumonisins or aflatoxins, alone or in combination, was not 
significantly associated with underweight or stunting in 143 infants less than 6 
months of age (19). 
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Co-occurrence of fumonisins and aflatoxins in foods
An evaluation of the co-occurrence of aflatoxins and fumonisins in foods 
was undertaken by the Committee. The degree of co-occurrence of aflatoxins 
and fumonisins can be influenced by many factors, including variety of the 
commodity, region, time of sampling, storage, food preparation and processing.

There is information available regarding the co-occurrence of a range 
of mycotoxins in foods that is broader than the aflatoxin and fumonisin groups. 
There is also information available for the range of different aflatoxins and 
fumonisins in foods either individually or as totals. Although this evaluation 
noted these aspects, the focus of the evaluation was co-occurrence of AFB1 and 
FB1. 

Data used to evaluate the co-occurrence of aflatoxins and fumonisins in 
foods were obtained from two sources: the data in the GEMS/Food contaminants 
database and the literature from studies that analysed both mycotoxins. The 
evaluation aimed to determine the types of foods in which both mycotoxins 
occur, the degree of co-occurrence and the countries in which the co-occurrence 
exists.

Co-occurrence of aflatoxins and fumonisins in animal feed was not 
considered for this review because, as noted previously by the Committee at its 
seventy-fourth meeting, fumonisins do not transfer in significant amounts from 
feed to animal products.

The co-occurrence evaluation based on data from the GEMS/Food 
contaminants database was first based on all samples for each food and then by 
sample number for individual analytical samples. Co-occurrence was defined as 
where detected concentrations (>LOD or >LOQ, depending on the data available) 
were found for both AFB1 and FB1. For the analysis including all samples, there 
were over 84 000 data points for AFB1 and over 19 000 for FB1 in food samples 
from a variety of countries. The majority of detections of both AFB1 and FB1 
were in the cereals and cereal-based products group. This included foods such 
as barley, maize, millet, rice, rye, sorghum and mixed cereal products. Although 
this provides a general guide as to the types of foods where co-occurrence may 
occur, a more detailed analysis of individual foods by sample was undertaken 
to determine the degree of co-occurrence within individual samples. Just over 
5000 samples, across all countries and foods, in the GEMS/Food contaminants 
database had unique sample identification numbers. For 1.7% of these, co-
occurrence of AFB1 and FB1 was reported. For individual samples, co-occurrence 
was found for maize (5.5%), cereals and cereal-based products (4.2%), bread and 
other cooked cereal products (2.8%), sorghum (1.4%) and cereal-based foods for 
infants and young children (0.4%). Of the 18 countries and one WHO region 
for which data were submitted by sample number, samples from nine countries 
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had no co-occurrence. For the others, the degree of co-occurrence varied as a 
result of the number of samples and types of foods included, and therefore it was 
not possible to identify countries that had higher degrees of co-occurrence than 
others. There were also a limited number of WHO regions with co-occurrence 
data represented in the GEMS/Food contaminants database, with data from only 
four African countries for sorghum only.

Based on an evaluation of the literature, co-occurrence of AFB1 and 
FB1 was identified in samples of foods within the same study; however, it was 
mostly not possible to determine the degree of co-occurrence within the same 
samples. In contrast to the data in the GEMS/Food contaminants database, most 
of the studies in the literature were from African countries, and the main food 
groups assessed were maize and maize-based products. Other foods where co-
occurrence was observed were other cereals (including sorghum, millet, rice, 
wheat), coffee, smoked meat and black pepper. The proportion of samples with 
AFB1 and FB1 detection varied widely (1–100%).

Co-exposure to aflatoxins and fumonisins in the diet
An evaluation of the co-exposure to AFB1 and FB1 was undertaken at the overall 
diet level to determine populations that are likely to be consuming diets that 
result in exposure to both mycotoxins, irrespective of co-occurrence in foods. 
These populations are more likely to be at a higher level of risk of potential 
adverse effects associated with co-exposure. To do this, an evaluation was done 
to highlight foods with higher concentrations of AFB1 and FB1 and populations 
that may have a higher consumption of these foods. The foods that are the main 
contributors to dietary exposures to AFB1 and FB1 were also determined, as 
foods that may not have high concentrations may contribute to dietary exposure 
if they are staple foods in a diet. Finally, a comparison of dietary exposures to 
AFB1 and FB1 was made at the national and international levels to determine 
populations with high exposure to both mycotoxins. Much of the information for 
this evaluation was from the separate assessments for aflatoxins and fumonisins 
conducted by the Committee at the current meeting (see sections 3.1 and 3.3).

Foods with the highest concentrations of AFB1 are groundnuts, cereals 
(namely, sorghum, maize, rice and wheat), tree nuts and some spices. Foods with 
the highest concentrations of FB1 are maize and maize products. 

Based on consumption data from the GEMS/Food cluster diets, the 
highest consumption of maize and maize flour is from clusters G13, G03, G06, G16 
and G05 (highest to lowest). These clusters include primarily African countries, 
but also some from central areas in the Americas (e.g. Guatemala, Mexico). The 
highest consumption of groundnuts (with shell, shelled and prepared) is found 
for clusters G16, G09, G13 and G03 (highest to lowest). These clusters include 
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African countries except cluster G09, which is mainly Asian countries. High 
consumption of both maize and groundnuts is seen in clusters G13, G03 and G16 
(highest to lowest).

At the national and international levels, the main foods contributing to 
dietary exposure to AFB1 are cereals and cereal-based products (namely, maize, 
rice, wheat and sorghum), peanuts and spices. The main foods contributing to 
FB1 exposure were maize and maize-based products.

From the international estimates of dietary exposure, the two clusters 
with the highest dietary exposures to both AFB1 and FB1 were G05 (including 
Guatemala and Mexico) and G13 (which is made up of African countries) 
(Table 12). LB mean AFB1 exposures were over 7 ng/kg bw per day, and LB mean 
FB1 exposures were over 400 ng/kg bw per day for these clusters.

National estimates of dietary exposure were limited to 12 countries that 
had estimates for both AFB1 and FB1. Of these 12 countries, four countries had 
LB mean exposures to AFB1 over 2 ng/kg bw per day and LB mean exposures to 
FB1 over 100 ng/kg bw per day. These were Burkina Faso (adult women), Cyprus 
(adolescents), Italy (toddlers, children and adolescents) and the USA (children 
less than 6 years of age). From the literature where the same study included 
exposures for both AFB1 and FB1, there were estimates from three countries 
(France, Spain and China). Only the estimated exposures from China were high, 
with LB mean AFB1 exposure of 6.7 ng/kg bw per day and with LB mean FB1 
exposures over 1500 ng/kg bw per day (20).

The Committee also reviewed the co-exposure for infants based on 
reports in the literature of detection of both aflatoxins and fumonisins in human 
breast milk. Contamination with AFM1 was also included in this part of the 
evaluation, given that this is the aflatoxin metabolite found in milk as a result of 
dietary exposure to aflatoxins in the mother.

Only one study has been identified that shows detectable concentrations 
of FB1 in human breast milk. This study (21), conducted in the United Republic 
of Tanzania, showed detectable concentrations of FB1 in 44% of 131 samples, with 
a concentration range of 6.5–472 µg/kg. The authors estimated dietary exposures 
to FB1 based on a consumption of 500 mL of breast milk per day, at a median of 
3000 ng/kg bw per day (range 780–65 000 ng/kg bw per day). AFM1 was detected 
in all 143 breast milk samples from the United Republic of Tanzania, with a 
median concentration of 0.07 µg/kg (range 0.01–0.55 µg/kg) (22). This indicates 
the potential for co-exposure to aflatoxins and fumonisins for breastfed infants; 
however, the Committee considered the method used in the Magoha et al. (21) 
study to quantify the FB1 in breast milk to be inadequate for this matrix (see 
section 3.3). 
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There was no co-occurrence of AFM1 and FB1 or AFB1 and FB1 in infant 
formula from data in the GEMS/Food contaminants database, because there 
were no detections of FB1 in infant formula. There were no papers identified 
in the literature reporting FB1 levels in infant formula. Therefore, there is no 
indication that there would be co-exposure to aflatoxins and fumonisins from 
infant formula.

Infant foods, primarily those that are cereal based, are consumed by 
infants under 12 months of age; at the same time, infants may also be consuming 
breast milk and/or infant formula. AFB1 and FB1 have been detected in foods for 
infants, including cereal-based foods and meals for infants. This is the case from 
the GEMS/Food contaminants database and the literature. This includes staple 
maize-based foods for infants from Africa, where consumption of these foods 
resulted in estimated dietary exposures to total aflatoxins of 1–786 ng/kg bw per 
day, to total fumonisins of 190–26 300 ng/kg bw per day (23), to total aflatoxins 
of 0.14–120 ng/kg bw per day and to total fumonisins of 5–880 ng/kg bw per day 
(24). Therefore, there can be co-exposure to aflatoxins and fumonisins in the diet 
of infants from infant foods.

Evaluation 
Fumonisins and aflatoxins are both frequent contaminants in cereals and cereal-
based foods. Aflatoxins are common contaminants in groundnuts and tree nuts. 
Co-exposure to both mycotoxins is likely in areas where these foods are regularly 
consumed. 

From the international estimates of dietary exposure, two GEMS/Food 
clusters (G05 and G13) have high dietary exposure to both AFB1 and FB1. The 
countries (Guatemala and the United Republic of Tanzania) where co-exposure 
has been confirmed using urinary or plasma exposure biomarkers of FB1 and 
AFB1 belong to these two clusters. 
 Although evidence in laboratory animals from the previous and the 
present evaluations has suggested an additive or synergistic effect of fumonisin 
and aflatoxin co-exposure in the development of preneoplastic lesions or 
hepatocellular carcinoma, currently no data are available on such effects in 
humans. 

Two prospective epidemiological studies do not support the hypothesis 
of an interaction between aflatoxins and fumonisins in childhood stunting. 

The Committee concluded that there are few data available to support 
co-exposure as a contributing factor in human disease. However, the interaction 
between AFB1, a compound with known genotoxic properties, and fumonisins, 
which have the potential to induce regenerative cell proliferation (particularly at 
exposures above the PMTDI), remains a concern. This is due to the fact that the 



132

Joint FAO/WHO Expert Committee on Food Additives   Eighty-third report 
W

H
O

 T
ec

hn
ic

al
 R

ep
or

t S
er

ie
s, 

N
o.

 1
00

2,
 2

01
7

incidences of chronic liver disease and stunting are high in the areas of the world 
where the exposures to both mycotoxins are high and the co-exposure has been 
confirmed with biomarkers. 

Recommendations
There is a need to reduce human exposure to aflatoxins and fumonisins, alone or 
in combination, in particular in developing countries.

With regards to human studies, the emphasis should be on biomarker-
based approaches. Biomarker-based studies in high-risk areas should include 
attempts to characterize the health issues common in individuals within 
communities where exposure is high, which can be compared with similar 
communities where exposure is low.

Experimental animal feeding studies should also use biomarker-based 
approaches and should be designed with multiple dose levels that reflect the 
levels of contamination seen in areas at high risk for co-exposure.

 A monograph was prepared.
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4. Future work and recommendations

General considerations
Considerations for dose–response modelling

Reiterating the recommendations of the seventy-second meeting of JECFA, the 
current Committee recommends that the JECFA Secretariat establish an expert 
working group to develop detailed guidance for the application of the methods 
most suitable to the work of the Committee. The working group should, inter 
alia, address the following aspects:

 ■ the use of constraints when fitting models that allow for restrictions 
on the slope and/or power parameters modelling (i.e. the use of 
restricted versus unrestricted models);

 ■ models to be used from the standard BMDS suite; 
 ■ the use of model averaging, including selection of weights;
 ■ the use of non-parametric methods as an alternative for dose–

response risk assessment; 
 ■ the use of biological information for the selection and specification of 

models for dose–response; 
 ■ transparent presentation of modelling outcomes in JECFA 

publications;
 ■ review of developments in the USEPA BMDS software.

Handling non-detected or non-quantified analytical results for food chemicals

The Committee discussed a proposal regarding guidance on how to handle 
left-censored data in its evaluations. However, owing to the importance of this 
topic, the Committee decided that further considerations were required. These 
discussions will be continued after the meeting through a working group. 

Contaminants
4,15-Diacetoxyscirpenol

The Committee was made aware of new toxicity studies on T-2/HT-2 toxin and 
therefore recommends an update of the 2001 JECFA evaluation of T-2/HT-2 
toxin. 
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Annex 1

Reports and other documents resulting from previous meetings of 
the Joint FAO/WHO Expert Committee on Food Additives

1. General principles governing the use of food additives (First report of the Joint FAO/WHO Expert 
Committee on Food Additives). FAO Nutrition Meetings Report Series, No. 15, 1957; WHO Technical 
Report Series, No. 129, 1957 (out of print). 

2. Procedures for the testing of intentional food additives to establish their safety for use (Second report 
of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Report Series, No. 
17, 1958; WHO Technical Report Series, No. 144, 1958 (out of print). 

3. Specifications for identity and purity of food additives (antimicrobial preservatives and antioxidants) 
(Third report of the Joint FAO/WHO Expert Committee on Food Additives). These specifications were 
subsequently revised and published as Specifications for identity and purity of food additives, Vol. I. 
Antimicrobial preservatives and antioxidants, Rome, Food and Agriculture Organization of the United 
Nations, 1962 (out of print). 

4. Specifications for identity and purity of food additives (food colours) (Fourth report of the Joint FAO/
WHO Expert Committee on Food Additives). These specifications were subsequently revised and 
published as Specifications for identity and purity of food additives, Vol. II. Food colours, Rome, Food 
and Agriculture Organization of the United Nations, 1963 (out of print). 

5. Evaluation of the carcinogenic hazards of food additives (Fifth report of the Joint FAO/WHO Expert 
Committee on Food Additives). FAO Nutrition Meetings Report Series, No. 29, 1961; WHO Technical 
Report Series, No. 220, 1961 (out of print). 

6. Evaluation of the toxicity of a number of antimicrobials and antioxidants (Sixth report of the Joint FAO/
WHO Expert Committee on Food Additives). FAO Nutrition Meetings Report Series, No. 31, 1962; WHO 
Technical Report Series, No. 228, 1962 (out of print). 

7. Specifications for the identity and purity of food additives and their toxicological evaluation: 
emulsifiers, stabilizers, bleaching and maturing agents (Seventh report of the Joint FAO/WHO Expert 
Committee on Food Additives). FAO Nutrition Meetings Series, No. 35, 1964; WHO Technical Report 
Series, No. 281, 1964 (out of print). 

8. Specifications for the identity and purity of food additives and their toxicological evaluation: food 
colours and some antimicrobials and antioxidants (Eighth report of the Joint FAO/WHO Expert 
Committee on Food Additives). FAO Nutrition Meetings Series, No. 38, 1965; WHO Technical Report 
Series, No. 309, 1965 (out of print). 

9. Specifications for identity and purity and toxicological evaluation of some antimicrobials and 
antioxidants. FAO Nutrition Meetings Report Series, No. 38A, 1965; WHO/Food Add/24.65 (out of print). 

10. Specifications for identity and purity and toxicological evaluation of food colours. FAO Nutrition 
Meetings Report Series, No. 38B, 1966; WHO/Food Add/66.25. 

11. Specifications for the identity and purity of food additives and their toxicological evaluation: some 
antimicrobials, antioxidants, emulsifiers, stabilizers, flour treatment agents, acids, and bases (Ninth 
report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Series, No. 
40, 1966; WHO Technical Report Series, No. 339, 1966 (out of print). 
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12. Toxicological evaluation of some antimicrobials, antioxidants, emulsifiers, stabilizers, flour treatment 
agents, acids, and bases. FAO Nutrition Meetings Report Series, No. 40A, B, C; WHO/Food Add/67.29. 

13. Specifications for the identity and purity of food additives and their toxicological evaluation: some 
emulsifiers and stabilizers and certain other substances (Tenth report of the Joint FAO/WHO Expert 
Committee on Food Additives). FAO Nutrition Meetings Series, No. 43, 1967; WHO Technical Report 
Series, No. 373, 1967. 

14. Specifications for the identity and purity of food additives and their toxicological evaluation: some 
flavouring substances and non-nutritive sweetening agents (Eleventh report of the Joint FAO/WHO 
Expert Committee on Food Additives). FAO Nutrition Meetings Series, No. 44, 1968; WHO Technical 
Report Series, No. 383, 1968. 

15. Toxicological evaluation of some flavouring substances and non-nutritive sweetening agents. FAO 
Nutrition Meetings Report Series, No. 44A, 1968; WHO/Food Add/68.33.

16. Specifications and criteria for identity and purity of some flavouring substances and non-nutritive 
sweetening agents. FAO Nutrition Meetings Report Series, No. 44B, 1969; WHO/Food Add/69.31. 

17. Specifications for the identity and purity of food additives and their toxicological evaluation: some 
antibiotics (Twelfth report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition 
Meetings Series, No. 45, 1969; WHO Technical Report Series, No. 430, 1969. 

18. Specifications for the identity and purity of some antibiotics. FAO Nutrition Meetings Series, No. 45A, 
1969; WHO/Food Add/69.34. 

19. Specifications for the identity and purity of food additives and their toxicological evaluation: some 
food colours, emulsifiers, stabilizers, anticaking agents, and certain other substances (Thirteenth 
report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Series, No. 
46, 1970; WHO Technical Report Series, No. 445, 1970. 

20. Toxicological evaluation of some food colours, emulsifiers, stabilizers, anticaking agents, and certain 
other substances. FAO Nutrition Meetings Report Series, No. 46A, 1970; WHO/Food Add/70.36. 

21. Specifications for the identity and purity of some food colours, emulsifiers, stabilizers, anticaking 
agents, and certain other food additives. FAO Nutrition Meetings Report Series, No. 46B, 1970; WHO/
Food Add/70.37. 

22. Evaluation of food additives: specifications for the identity and purity of food additives and their 
toxicological evaluation: some extraction solvents and certain other substances; and a review of the 
technological efficacy of some antimicrobial agents (Fourteenth report of the Joint FAO/WHO Expert 
Committee on Food Additives). FAO Nutrition Meetings Series, No. 48, 1971; WHO Technical Report 
Series, No. 462, 1971.

23. Toxicological evaluation of some extraction solvents and certain other substances. FAO Nutrition 
Meetings Report Series, No. 48A, 1971; WHO/Food Add/70.39. 

24. Specifications for the identity and purity of some extraction solvents and certain other substances. FAO 
Nutrition Meetings Report Series, No. 48B, 1971; WHO/Food Add/70.40.

25. A review of the technological efficacy of some antimicrobial agents. FAO Nutrition Meetings Report 
Series, No. 48C, 1971; WHO/Food Add/70.41. 

26. Evaluation of food additives: some enzymes, modified starches, and certain other substances: 
Toxicological evaluations and specifications and a review of the technological efficacy of some 
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antioxidants (Fifteenth report of the Joint FAO/WHO Expert Committee on Food Additives). FAO 
Nutrition Meetings Series, No. 50, 1972; WHO Technical Report Series, No. 488, 1972. 

27. Toxicological evaluation of some enzymes, modified starches, and certain other substances. FAO 
Nutrition Meetings Report Series, No. 50A, 1972; WHO Food Additives Series, No. 1, 1972. 

28. Specifications for the identity and purity of some enzymes and certain other substances. FAO Nutrition 
Meetings Report Series, No. 50B, 1972; WHO Food Additives Series, No. 2, 1972. 

29. A review of the technological efficacy of some antioxidants and synergists. FAO Nutrition Meetings 
Report Series, No. 50C, 1972; WHO Food Additives Series, No. 3, 1972. 

30. Evaluation of certain food additives and the contaminants mercury, lead, and cadmium (Sixteenth 
report of the Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition Meetings Series, No. 
51, 1972; WHO Technical Report Series, No. 505, 1972, and corrigendum. 

31. Evaluation of mercury, lead, cadmium and the food additives amaranth, diethylpyrocarbamate, and 
octyl gallate. FAO Nutrition Meetings Report Series, No. 51A, 1972; WHO Food Additives Series, No. 4, 
1972. 

32. Toxicological evaluation of certain food additives with a review of general principles and of 
specifications (Seventeenth report of the Joint FAO/WHO Expert Committee on Food Additives). FAO 
Nutrition Meetings Series, No. 53, 1974; WHO Technical Report Series, No. 539, 1974, and corrigendum 
(out of print). 

33. Toxicological evaluation of some food additives including anticaking agents, antimicrobials, 
antioxidants, emulsifiers, and thickening agents. FAO Nutrition Meetings Report Series, No. 53A, 1974; 
WHO Food Additives Series, No. 5, 1974.

34. Specifications for identity and purity of thickening agents, anticaking agents, antimicrobials, 
antioxidants and emulsifiers. FAO Food and Nutrition Paper, No. 4, 1978.

35. Evaluation of certain food additives (Eighteenth report of the Joint FAO/WHO Expert Committee on 
Food Additives). FAO Nutrition Meetings Series, No. 54, 1974; WHO Technical Report Series, No. 557, 
1974, and corrigendum. 

36. Toxicological evaluation of some food colours, enzymes, flavour enhancers, thickening agents, and 
certain other food additives. FAO Nutrition Meetings Report Series, No. 54A, 1975; WHO Food Additives 
Series, No. 6, 1975.

37. Specifications for the identity and purity of some food colours, enhancers, thickening agents, and 
certain food additives. FAO Nutrition Meetings Report Series, No. 54B, 1975; WHO Food Additives 
Series, No. 7, 1975. 

38. Evaluation of certain food additives: some food colours, thickening agents, smoke condensates, 
and certain other substances (Nineteenth report of the Joint FAO/WHO Expert Committee on Food 
Additives). FAO Nutrition Meetings Series, No. 55, 1975; WHO Technical Report Series, No. 576, 1975. 

39. Toxicological evaluation of some food colours, thickening agents, and certain other substances. FAO 
Nutrition Meetings Report Series, No. 55A, 1975; WHO Food Additives Series, No. 8, 1975. 

40. Specifications for the identity and purity of certain food additives. FAO Nutrition Meetings Report 
Series, No. 55B, 1976; WHO Food Additives Series, No. 9, 1976. 
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41. Evaluation of certain food additives (Twentieth report of the Joint FAO/WHO Expert Committee on 
Food Additives). FAO Food and Nutrition Meetings Series, No. 1, 1976; WHO Technical Report Series, 
No. 599, 1976. 
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Toxicological and dietary exposure information on contaminants

Aflatoxins

Aspergillus flavus is a fungus that was first recognized to cause aflatoxicosis in 
domestic animals and is the most important aflatoxin-producing species in food 
on a global basis. It produces aflatoxin B1 (AFB1) and aflatoxin B2 (AFB2) and 
affects many commodities, but most human exposure comes from contaminated 
corn (also referred to as maize), peanuts (also referred to as groundnuts) and rice. 
Another important producer of aflatoxin, A. parasiticus, produces AFB1, AFB2, 
aflatoxin G1 (AFG1) and aflatoxin G2 (AFG2) and is primarily associated with 
peanuts in the Americas, but can also occur on corn, figs and pistachios. Of these 
four aflatoxins, AFB1 is most frequently present in contaminated samples; AFB2, 
AFG1 and AFG2 are generally not reported in the absence of AFB1. Aflatoxin 
M1 (AFM1) is the hydroxylated metabolite of AFB1; in areas of high aflatoxin 
exposure, humans are exposed to AFM1 more or less exclusively through milk 
and milk products, including breast milk.
 The aflatoxins were previously evaluated by JECFA at its thirty-first, 
forty-sixth, forty-ninth, fifty-sixth and sixty-eighth meetings. The Committee 
updated the aflatoxin risk assessment at the current meeting at the request of the 
Codex Committee on Contaminants in Foods (CCCF). 
 The Committee reaffirmed the conclusions of the forty-ninth meeting 
of JECFA that aflatoxins are among the most potent mutagenic and carcinogenic 
substances known, based on studies in test species and human epidemiological 
studies, and that hepatitis B virus (HBV) infection is a critical contributor to 
the potency of aflatoxins in inducing liver cancer. The more recent information 
about human polymorphisms in metabolizing enzymes (e.g. cytochrome 
P450s, sulfotransferases) has described population variability in the balance 
between activation and detoxification processes for aflatoxins. This knowledge 
has been used in conjunction with biomarkers to evaluate the effectiveness of 
pharmacological and dietary interventions with the aim of reducing cancer risk. 
 Increased reporting and identification of acute aflatoxicosis outbreaks, 
particularly in areas of Africa, led this Committee to consider the available data 
on acute exposure. Indeed, loss of lives attributed to aflatoxins was most recently 
reported in the United Republic of Tanzania during the summer of 2016. Ranges 
of AFB1 exposures between 20 and 120 µg/kg body weight (bw) per day for a 
period of 1–3 weeks or consumption of staple food containing concentrations of 
1 mg/kg or higher would be suspected to cause acute aflatoxicosis and possibly 
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death. The Committee did not assess acute dietary exposure, but noted that the 
estimates of chronic dietary exposure are at least 2–5 orders of magnitude lower 
than the doses associated with acute effects.
 Since the forty-ninth meeting of the Committee, epidemiological data 
have become available to support the hypothesis that aflatoxin exposure in utero 
and during early life has negative effects on growth; in particular, decreased 
height is the most frequently associated anthropometric parameter. The available 
data did not provide evidence for an exposure level at which there is a significant 
risk for growth faltering.
 The Committee considered that the development of analytical 
technologies based on aptamers may have relevance in remote areas, because of 
their inherent stability, ease of production and use.
 The Committee noted that there were limited contamination data 
from developing countries, which hindered a more comprehensive and global 
evaluation of aflatoxin occurrence and may have resulted in an underestimate of 
dietary exposure in these countries.
 Only five food commodities (maize, peanuts, rice, sorghum and wheat) 
each contribute more than 10% to international dietary exposure estimates for 
more than one Global Environment Monitoring System – Food Contamination 
Monitoring and Assessment Programme (GEMS/Food) cluster diet, for either 
total aflatoxins (AFT) or AFB1. The Committee noted that international dietary 
exposure estimates (AFT and AFB1) were generally higher than those reported 
at the sixty-eighth meeting. This was predominantly due to the availability of 
concentration data for rice, sorghum and wheat and their inclusion in the 
international dietary exposure estimates. Although overall concentrations of 
aflatoxins in rice and wheat are lower than concentrations in maize and groundnuts 
(a traditional focus for aflatoxin risk management), the high consumption of 
rice and wheat in some countries means that these cereals may account for up 
to 80% of dietary aflatoxin exposure for those GEMS/Food cluster diets. Mean 
AFB1 concentrations in sorghum from the GEMS/Food contaminants database 
are higher than those for maize; combined with high consumption levels of 
sorghum in some GEMS/Food clusters, this cereal contributes 16–59% of dietary 
exposure in six GEMS/Food clusters. The database on sorghum is considerably 
more limited than that on maize.

The Committee estimated the cancer potency per 100 000 population for 
exposure to AFB1 at 1 ng/kg bw per day. The resulting central estimates are 0.01 
additional cancer cases per 100 000 for chronic hepatitis B virus surface antigen 
negative (HBsAg−) populations and 0.3 additional cancer cases per 100 000 for 
HBsAg+ populations. Upper-bound (UB) estimates are 0.049 additional cancer 
cases per 100 000 for HBsAg− populations and 0.562 additional cancer cases per 
100 000 for HBsAg+ populations.
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 The Committee calculated global aflatoxin-related hepatocellular 
carcinoma (HCC) risk based on the new central and UB cancer potency estimates 
from the current dose–response analysis and international dietary exposures 
estimated at the current meeting. Aflatoxin-related cancer rates were calculated, 
accounting for prevalence of HBsAg positivity, by GEMS/Food clusters. The low 
end of the range refers to lower-bound (LB) estimates at the mean dietary AFB1 
exposure, minimum HBsAg+ rates for countries in the cluster and the central 
cancer potency estimate. The high end of the range refers to UB estimates at the 
90th percentile of dietary AFB1 exposure, maximum HBsAg+ rates for countries 
in the cluster and UB estimates of cancer potency. The lowest cancer risks were 
estimated for clusters G07 and G08 (European and other developed countries), 
with cancer risk estimates in the range <0.01–0.10 aflatoxin-induced cancers 
per year per 100  000 population, with wheat being the major contributing 
food commodity. For countries within these clusters, HBsAg+ rates were in the 
range 0.01–1.2%. The highest cancer risks were for cluster G13 (sub-Saharan 
African countries and Haiti), with cancer risk estimates in the range 0.21–3.94 
aflatoxin-induced cancers per year per 100 000 population, with sorghum and 
maize being the major contributing food commodities. For countries within this 
cluster, HBsAg+ rates were in the range 5.2–19%. Other clusters with relatively 
high cancer risks were G03 (sub-Saharan African countries and Paraguay, with 
maize and sorghum being the major contributing food commodities), G05 
(mainly Central and South American countries, with maize, rice, sorghum and 
wheat being the major contributing food commodities) and G16 (sub-Saharan 
African countries, with maize and sorghum being the major contributing food 
commodities). The Committee noted that the aflatoxin-related HCC risk rates 
calculated here are within the range of aflatoxin-related foodborne disease (HCC) 
incidences published by WHO.
 The Committee notes that a common background cancer rate was used 
in the cancer potency estimates. A sensitivity analysis showed that changing the 
background cancer rates has minimal impact on the analysis.
 Given the relative cancer potencies and international dietary exposure 
estimates for AFB1 and AFM1, AFM1 will generally make a negligible (<1%) 
contribution to aflatoxin-induced cancer risk for the general population.
 On request of the CCCF, the Committee performed an impact assessment 
of different MLs for ready-to-eat peanuts and concluded that enforcing a 
maximum limit (ML) of 10, 8 or 4 µg/kg for ready-to-eat peanuts would have 
little further impact on dietary exposure to AFT for the general population, 
compared with setting an ML of 15 µg/kg. At an ML of 4 µg/kg, the proportion 
of the world market of ready-to-eat peanuts rejected would be approximately 
double the proportion rejected at an ML of 15 µg/kg (about 20% versus 10%).
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Diacetoxyscirpenol

4,15-Diacetoxyscirpenol (4,15-DAS; (3α,4β)-3-hydroxy-12,13-epoxytricothec-
9-ene-4,15-diyl diacetate; Chemical Abstracts Service [CAS] number 2270-40-
8) or anguidine is a trichothecene mycotoxin. All trichothecenes have the same 
core 12,13-epoxytrichothec-9-ene structure, and trichothecene analogues have 
different patterns of substitution around this core structure. 4,15-DAS is a type A 
trichothecene, with similar structure to T-2 toxin and HT-2 toxin. Both T-2 toxin 
and HT-2 toxin have an ester function at the C-8 position, whereas HT-2 toxin 
additionally has a hydroxyl group at the C-4 position. 
 4,15-DAS is produced by Fusarium species: mainly F. langsethiae, F. poae 
and F. sambucinum.
 4,15-DAS has not previously been evaluated by JECFA. The structurally 
related type A trichothecenes T-2 toxin and HT-2 toxin were evaluated by JECFA 
at the forty-seventh meeting. The Committee evaluated 4,15-DAS at the present 
meeting in response to a request from CCCF.
 The Committee concluded that there are insufficient toxicological data 
available to derive a point of departure for the risk assessment of 4,15-DAS alone. 
There are limitations in the available short-term toxicity studies and no data from 
chronic exposure and reproductive and developmental toxicity studies.
 4,15-DAS and T-2/HT-2 toxin are structurally similar, and there is 
evidence that they cause similar effects at the biochemical and cellular levels, 
have similarities in toxic effects in vivo and have an additive dose effect when 
co-exposure occurs. Therefore, the evidence was considered sufficient by the 
Committee to support including 4,15-DAS in the group provisional maximum 
tolerable daily intake (PMTDI) for T-2 and HT-2 toxin established at the forty-
seventh JECFA meeting. The PMTDI of 0.06 µg/kg bw for T-2 and HT-2 toxin, 
alone or in combination, was established based on a lowest-observed-adverse-
effect level (LOAEL) of 0.03 mg/kg bw per day associated with changes in white 
blood cell counts following 3 weeks of dietary exposure in pigs and the application 
of an uncertainty factor of 500. The inclusion of 4,15-DAS in the group PMTDI 
of 0.06 µg/kg bw is considered to be a conservative approach when taking into 
consideration the observation that T-2 toxin was consistently more potent than 
4,15-DAS when comparing similar in vitro and in vivo end-points. 
 The Committee noted that there is a paucity of occurrence data on 4,15-
DAS and that what data were available to the Committee frequently were left 
censored and had high limits of quantification (LOQs), thereby increasing the 
uncertainty in the dietary exposure assessment.
 In the 2001 JECFA evaluation, the total dietary exposure to T-2 and HT-2 
toxins was estimated only from the GEMS/Food European diet due to the fact 
that data on these toxins were not available from regions other than Europe. The 
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total LB mean dietary exposure to T-2 plus HT-2 toxins was estimated to be 16.3 
ng/kg bw per day, with wheat, barley and oats being the major dietary sources. 
 The Committee noted that only LB dietary exposure estimates for Europe 
were available for the sum of T-2, HT-2 and 4,15-DAS. From these estimates, the 
sum of the LB dietary exposure estimates for 4,15-DAS of up to 0.0028 µg/kg bw 
per day and the total dietary exposures estimated for T-2 plus HT-2 of 0.016 µg/
kg bw per day results in a LB mean dietary exposure of 0.019 and in a LB high 
dietary exposure estimated at 0.038 µg/kg bw per day (twice the mean). It was 
not possible to estimate the UB dietary co-exposure because of the lack of UB 
data reported for T-2 and HT-2 toxins in the previous 2001 JECFA evaluation 
together with the substantial uncertainty that is reported for UB estimates of 
dietary exposure to 4,15-DAS. The Committee concluded that these LB estimates 
for Europe do not exceed the group PMTDI for T-2, HT-2 and 4,15-DAS.

Fumonisins

Fumonisins are produced by Fusarium verticillioides (formerly F. moniliforme), F. 
proliferatum and F. fujikuroi, as well as some less common Fusarium species, such 
as F. anthophilum, F. dlamini, F. napiforme and F. thapsinum. Fumonisin B2 (FB2) 
and fumonisin B4 (FB4) are also produced by Aspergillus niger. Fumonisins are 
common contaminants of maize and have also been found in rice.
 Fumonisins were evaluated by JECFA for the first time at the fifty-sixth 
meeting and then re-evaluated at the seventy-fourth meeting. At the seventy-
fourth meeting, the Committee used a short-term dose–response study of liver 
toxicity in male transgenic mice fed diets containing purified fumonisin B1 
(FB1) to derive a group PMTDI for FB1, FB2 and fumonisin B3 (FB3), alone or in 
combination, of 2 µg/kg bw on the basis of a lower 95% confidence limit on the 
benchmark dose for a 10% response (BMDL10) of 0.165 mg/kg bw per day and 
an uncertainty factor of 100. Because the derived PMTDI at the seventy-fourth 
meeting of JECFA was the same as the group PMTDI established at the fifty-
sixth meeting of JECFA, based on renal toxicity in a 90-day rat study, the group 
PMTDI for fumonisins B1, B2 and B3, alone or in combination, was retained at the 
seventy-fourth meeting. 
 Fumonisins were evaluated by the present Committee in response to a 
request from CCCF for an updated exposure assessment. The Committee also 
evaluated toxicological and epidemiological studies that had become available 
since the previous evaluation in 2011. 
 The Committee reaffirmed the conclusions of the seventy-fourth meeting 
that fumonisins are associated with a wide range of toxic effects and that the liver 
and kidney are the most sensitive target organs. The Committee reviewed the 
studies that have become available since the 2011 evaluation and concluded that 
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the study by Bondy et al. (2010),4 subsequently published as Bondy et al. (2012),5 
remained the most relevant for the evaluation. The Committee evaluated the 
updated Bondy et al. (2012) data and concluded that they would not change the 
overall toxicological assessment performed previously by the Committee. Thus, 
the previously established group PMTDI of 2 µg/kg bw for FB1, FB2 and FB3, 
alone or in combination, was retained by the current Committee. 
 The Committee noted the paucity of new data on the occurrence of 
fumonisins in food submitted to the GEMS/Food contaminants database since 
2011 by all WHO regions except for Europe, as opposed to the data used in the 
previous evaluation (2011). Owing to these differences in the data sets between 
2011 and the current evaluation, a direct comparison was not possible. 
 The Committee noted that there are limited data on the occurrence of 
bound fumonisins in different cereals, the impact of processing on these bound 
mycotoxins and their bioavailability after consumption.
 LB mean and high (90th percentile) chronic FB1 exposures in adults were 
maximally 0.56 and 1.1 µg/kg bw per day, respectively. For total fumonisins, the 
corresponding exposure estimates were 0.82 and 1.6 µg/kg bw per day. The UB 
mean and high exposures were estimated to be as high as 1.2 and 2.3 µg/kg bw 
per day for FB1, respectively, and as high as 2.1 and 4.3 µg/kg bw per day for 
total fumonisins, respectively. In children, the LB mean and high chronic FB1 
exposures were maximally 0.8 and 1.6  µg/kg bw per day, respectively, and for 
total fumonisins, maximally 1.2 and 2.3 µg/kg bw per day, respectively. In this 
population group, the UB mean and high exposures were estimated to be as high 
as 1.6 and 3.9 µg/kg bw per day for FB1, respectively, and as high as 3.2 and 6.4 
µg/kg bw per day for total fumonisins, respectively. Maize is the predominant 
source of LB exposure to FB1 and total fumonisins in most cluster diets. In the UB 
scenario, wheat was also an important contributor to the exposure to fumonisins 
in some clusters.
 Comparison of the estimates of exposure to FB1 and total fumonisins 
with the group PMTDI indicates no exceedance at the LB mean exposure level 
in both children and adults. Assuming that all non-detect samples contained 
fumonisins at the LOQ, the UB mean exposure to total fumonisins in children 
exceeded the PMTDI in several countries. This was also true for the high (90th 
percentile) exposure, independent of the fumonisin concentration assigned to the 
non-detect samples. For adults, only the UB high exposure exceeded the PMTDI. 

4 Bondy GS, Mehta R, Caldwell D, Coady L, Armstrong C, Savard M et al. (2010). Effects of long term exposure 
to FB1 on p53+/− transgenic mice. Ottawa: Health Canada, Health Products and Food Branch, Food 
Directorate, Bureau of Chemical Safety, Toxicology Research Division (unpublished).

5 Bondy GS, Mehta R, Caldwell D, Coady L, Armstrong C, Savard M et al. (2012). Effects of long term exposure 
to the mycotoxin FB1 in p53 heterozygous and p53 homozygous transgenic mice. Food Chem Toxicol. 
50:3604–13.
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The Committee noted that, due to the high percentage of non-detect samples in 
the concentration database (around 70%) and the wide range of LOQs reported 
in the GEMS/Food contaminants database for fumonisins, the UB estimates may 
be interpreted as a worst-case estimate of exposure based on the data available. 
 The Committee noted that the international exposure estimates for FB1 
and total fumonisins were lower than those estimated by the Committee at its 
seventy-fourth meeting in 2011. In the current assessment, a larger part of the 
occurrence data was from countries belonging to the WHO European Region 
compared with 2011, resulting in lower overall fumonisin levels in maize. In the 
current assessment, no information on fumonisin levels in maize was available 
from countries belonging to the African, Eastern Mediterranean or South-East 
Asia regions, where higher fumonisin concentrations are typically detected. 
Given these limitations of the occurrence data used in the exposure assessment 
and high exposures reported in the literature in some countries, it is likely that 
the exposures to fumonisins in areas where maize is a staple food and high 
contamination with fumonisins can occur are higher than those estimated by the 
Committee at this meeting, as can be seen in the previous evaluation, which was 
based on a larger and more representative data set. 

Glycidyl esters

Glycidyl esters are processing-induced contaminants primarily found in refined 
fats and oils and foods containing fats and oils. Initial research related to glycidyl 
esters was largely performed as part of the investigation into 3-monochloro-1,2-
propanediol (3-MCPD) esters. During 3-MCPD ester analysis, variable 3-MCPD 
concentrations were obtained, leading to a proposal that additional compounds 
were present in edible oils and converted to 3-MCPD during sample analysis. 
The presence of additional processing-induced contaminants, glycidyl esters, in 
refined edible oils was later confirmed. Initially it was assumed that 3-MCPD 
esters and glycidyl esters were formed by similar processes, but it is now known 
that their mechanisms of formation are different, with glycidyl ester formation 
directly associated with elevated temperatures (>240  °C) and time at these 
elevated temperatures. Glycidyl esters are generally formed from diacylglycerols, 
with no requirement for the presence of chlorinated compounds. Formation of 
glycidyl esters occurs following intramolecular rearrangement, elimination of a 
fatty acid and epoxide formation. 
 Glycidyl esters have not been evaluated previously by the Committee. 
The present evaluation was conducted in response to a request from CCCF.
 Experimental evidence indicates that glycidyl esters are substantially 
hydrolysed to glycidol in the gastrointestinal tract and elicit toxicity as glycidol. 
The Committee therefore based its evaluation on the conservative assumption of 
complete hydrolysis of glycidyl esters to glycidol. Whereas the experimental data 
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supporting substantial hydrolysis are derived from studies with post-weaning 
animals, the Committee concluded that the capacity of the neonate to hydrolyse 
fatty acids in the gut is efficient, and therefore the same assumption of substantial 
hydrolysis could be extended to this age group.
 The Committee concluded that glycidol is a genotoxic compound and 
considered its carcinogenicity as the most sensitive end-point on which to 
base a point of departure. The lowest BMDL10 was 2.4 mg/kg bw per day for 
mesotheliomas in the tunica vaginalis/peritoneum in male rats observed in the 
NTP (1990)6 carcinogenicity study (doses adjusted for non-continuous dosing).
 The Committee noted that there are no published collaboratively studied 
methods for the determination of glycidyl esters in complex foods in contrast 
to the situation with fats and oils; therefore, caution should be applied when 
interpreting analytical data from complex foods. 
 The Committee further noted that there was uncertainty in comparing 
the reported levels in the same foods from different regions because of the lack 
of interlaboratory comparisons and the absence of data arising from proficiency 
testing schemes. 
 As it is not appropriate to establish a health-based guidance value for 
substances that are both genotoxic and carcinogenic, the margin of exposure 
approach is chosen. 
 National estimates of dietary exposure were used for determining the 
margins of exposure. This was because they were considered to be the most 
representative of dietary exposure as they are based on consumption data from 
national dietary surveys. The majority of the surveys used include 2 or more days 
of data, which better estimate chronic dietary exposure.
 The national dietary exposures are considered to be reliable estimates, 
as they are based on a range of foods in the diet and include the key foods in 
which glycidol contamination is known to occur – namely, fats and oils. The 
concentrations in specific foods in the majority of cases have been able to be 
matched directly with consumption data for the same foods.
 The Committee considered that the lower ends of the ranges of the 
margins of exposure for infants, children and adults (Table A-1) were low for 
a compound that is genotoxic and carcinogenic and that they may indicate a 
human health concern. 

6 NTP (1990). National Toxicology Program (NTP) technical report on the toxicology and carcinogenesis 
studies of glycidol (CAS no. 556-52-5) in F344/N rats and B6C3F1 mice (gavage studies). Research Triangle 
Park (NC): National Toxicology Program (NTP Technical Report 374).
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Table A-1
Dietary exposures and margins of exposure compared with the BMDL10

3-MCPD esters and 3-MCPD

3-Monochloro-1,2-propanediol (3-MCPD) esters are processing-induced 
contaminants found in various refined oils and fats and are formed from 
acylglycerols in the presence of chlorinated compounds during deodorization 
at high temperature. “3-MCPD esters” is a general term for 3-MCPD esterified 
with one (sn-1- and sn-2-monoesters) or two identical or different fatty acids 
(diesters). Depending on the fatty acid composition of the oil or fat, a variety 
of different 3-MCPD esters can be formed during processing. In foods that 
contain refined vegetable oils or fats, mainly diesters are found. Concentrations 
of 3-MCPD esters in refined oils increase incrementally in the following order: 
rapeseed oil < soya bean oil < sunflower oil < safflower oil < walnut oil < palm oil. 
 3-MCPD esters have not been previously evaluated by the Committee. 
The present evaluation was conducted in response to a request from CCCF for an 
evaluation of 3-MCPD esters. 3-MCPD has been evaluated at the forty-first, fifty-
seventh and sixty-seventh meetings of JECFA. At the sixty-seventh meeting, the 
Committee reaffirmed a PMTDI for 3-MCPD of 2 μg/kg bw, based on a lowest-
observed-effect level (LOEL) of 1.1 mg/kg bw per day for tubule hyperplasia 
in the kidney seen in a long-term carcinogenicity study in rats. An uncertainty 
factor of 500 was applied to allow for the absence of a clear no-observed-effect 
level (NOEL) and to account for the effects on male fertility and inadequacies in 
the studies of reproductive toxicity.
 Experimental evidence indicates that 3-MCPD esters are substantially 
hydrolysed to 3-MCPD in the gastrointestinal tract and elicit toxicity as free 
3-MCPD. The Committee therefore based its evaluation on the conservative 
assumption of complete hydrolysis of 3-MCPD esters to 3-MCPD. Whereas the 
experimental data supporting substantial hydrolysis are derived from studies 
with post-weaning animals, the Committee concluded that the capacity of the 

Population group

Range of estimated dietary exposures to 
glycidol (µg/kg bw per day)a Margins of exposureb

Mean High percentile Mean High percentile

Adults 0.1–0.3 0.2–0.8 8 000–24 000 3 000–12 000
Children 0.2–1.0 0.4–2.1 2 400–12 000 1 100–6 000
Infants 0.1–3.6 0.3–4.9 670–24 000 490–8 000

a  Includes LB and UB estimates from a range of national estimates of dietary exposure.
b  Compared with a BMDL10 of 2.4 mg/kg bw per day. Margins of exposure are expressed as a range; the lower end of the range relates to UB mean and high-percentile 

exposures, and the higher end of the range relates to LB mean and high-percentile exposures.
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neonate to hydrolyse fatty acids in the gut is efficient, and therefore the same 
assumption of substantial hydrolysis could be extended to this age group.
 The main target organs for 3-MCPD and its esters in rats and for 
3-MCPD in mice are the kidneys and the male reproductive organs. 3-MCPD was 
carcinogenic in two rat strains, but not in mice. No genotoxic potential has been 
demonstrated in vivo for 3-MCPD. Two long-term carcinogenicity studies with 
3-MCPD in rats7 were identified as pivotal studies, and renal tubular hyperplasia 
was identified as the most sensitive end-point. The lowest BMDL10 (restricted 
log-logistic model) for renal tubular hyperplasia was calculated to be 0.87 mg/kg 
bw per day for male rats. After application of a 200-fold uncertainty factor, the 
Committee established a group PMTDI of 4 µg/kg bw for 3-MCPD and 3-MCPD 
esters singly or in combination (expressed as 3-MCPD equivalents) (rounded to 
one significant figure). The overall uncertainty factor of 200 incorporates a factor 
of 2 related to the inadequacies in the studies of reproductive toxicity.
 The previous PMTDI of 2 μg/kg bw for 3-MCPD, established at the fifty-
seventh meeting and retained at the sixty-seventh meeting, was withdrawn.
 The Committee noted that there are no published collaboratively studied 
methods for the determination of 3-MCPD esters in complex foods in contrast 
to the situation with fats and oils; therefore, caution should be applied when 
interpreting analytical data from complex foods. 
 The Committee further noted that there was uncertainty in comparing 
the reported levels in the same foods from different regions because of the lack 
of interlaboratory comparisons and the absence of data arising from proficiency 
testing schemes. 
 The Committee noted that estimated dietary exposures to 3-MCPD for 
the general population, even for high consumers (up to 3.8 µg/kg bw per day), 
did not exceed the new PMTDI. Estimates of mean dietary exposure to 3-MCPD 
for formula-fed infants, however, could exceed the PMTDI by up to 2.5-fold for 
certain countries (e.g. 10 μg/kg bw per day in the first month of life). 
 While the current evaluation was specific to the request for an evaluation 
of 3-MCPD esters, the Committee was aware that 2-MCPD esters can be detected 
in some of the same foods as 3-MCPD esters. There are, however, currently 
limited food occurrence data for 2-MCPD and 2-MCPD esters available in the 
GEMS/Food contaminants database, and the toxicological database is currently 
insufficient to allow a hazard characterization.

7 Sunahara G, Perrin I, Marchesini M (1993). Carcinogenicity study on 3-monochloropropane-1,2-diol (3-
MCPD) administered in drinking water to Fischer 344 rats. Unpublished report no. RE-SR93003 submitted 
to WHO by Nestec Ltd, Research & Development, Switzerland.

 Cho WS, Han BS, Nam KT, Park K, Choi M, Kim SH et al. (2008). Carcinogenicity study of 3-monochloropropane-
1,2-diol in Sprague-Dawley rats. Food Chem Toxicol. 46:3172–7.



161

Annex 2

Sterigmatocystin

Sterigmatocystin is a toxic fungal secondary metabolite (mycotoxin) that 
is mainly produced by more than a dozen species of Aspergillus as well as by 
a number of phylogenetically and phenotypically different fungal genera. It is 
a polyketide-derived mycotoxin with CAS No. 10048-13-2 and International 
Union of Pure and Applied Chemistry (IUPAC) name (3aR,12cS)-8-hydroxy-6-
methoxy-3a,12c-dihydro-7H-furo[3′,2′:4,5]furo[2,3-c]xanthen-7-one.
 Sterigmatocystin has not previously been reviewed by JECFA. The 
Committee evaluated sterigmatocystin at the present meeting at the request of 
CCCF.

Taking account of the available information on genotoxicity, 
carcinogenicity and DNA adduct formation, the Committee concluded that 
sterigmatocystin is genotoxic and carcinogenic, and the critical effect was 
determined to be carcinogenicity. The Committee selected the BMDL10 of 0.16 
mg/kg bw per day for hepatic haemangiosarcoma in male rats in a study by 
Maekawa et al. (1979)8 from the restricted log-logistic model as the point of 
departure for use in the risk assessment.
 As it is not appropriate to establish a health-based guidance value for 
substances that are genotoxic carcinogens, the Committee used a margin of 
exposure approach. 
 The Committee noted that there is a paucity of occurrence data and 
what data were available to the Committee frequently were left censored, thereby 
increasing the uncertainty in the exposure assessment.
 The Committee calculated margins of exposure for mean and high 
estimates of dietary exposure to sterigmatocystin. The margins of exposure for 
adults range from 9400 to more than 530 000 for mean estimates based on UB and 
LB assumptions. For high estimates, margins of exposure for adults range from 
4700 to 270 000. The lowest margins of exposure are observed for the African 
Region (from 4700 to 5000 for the high exposure UB–LB range, and from 9400 
to 10 000 for the mean exposure UB–LB range). The Committee noted that these 
estimates, which are based only on adult populations and for which only one food 
commodity (sorghum) was considered, may indicate a human health concern. 
Margins of exposure were not calculated for Europe or Japan, as sterigmatocystin 
was not detected in any samples. For all other regions, the Committee considered 
that the margins of exposure were not of human health concern even at the UB 
high exposure. 
 Overall, the Committee concluded that the data used for calculating the 
margins of exposure have considerable limitations, both for the dietary exposure 

8 Maekawa A, Kajiwara T, Odashima S, Kurata H (1979). Hepatic changes in male ACI/N rats on low dietary 
levels of sterigmatocystin. Gann. 70:777–81.
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estimate and for the toxicological point of departure. Limited data on occurrence 
in food were available, and analytical detection limits were high in some countries. 
The only long-term carcinogenicity study suitable for dose–response modelling 
used an uncommon strain of rat (ACI/N) and, in view of the low incidence of liver 
tumours in this animal model, it may not be the most appropriate for human risk 
assessment. Consequently, the derived margins of exposure should be considered 
only as crude estimates.
 The Committee also noted that sterigmatocystin and AFB1 have the same 
main target organ (the liver). The comparative animal data on carcinogenicity are 
very limited, but indicate that sterigmatocystin is less potent than AFB1.

Co-exposure of fumonisins with aflatoxins

Fumonisins and aflatoxins are mycotoxins produced by fungi of Fusarium and 
Aspergillus species. Considering that fumonisins and aflatoxins are both frequent 
contaminants in cereal (especially maize, rice, sorghum and wheat) and cereal-
based foods and that aflatoxins are common contaminants in groundnuts and 
tree nuts, co-exposure to both mycotoxins is likely in areas where these foods are 
consumed as part of the routine diet. 

 As part of the evaluation of fumonisins at the seventy-fourth meeting, 
the Committee evaluated the available data on the concurrent exposure to 
fumonisins and other mycotoxins. There were no human studies available 
showing co-exposure. There were co-exposure toxicological studies available 
using animal models. None of the co-exposure studies in animal models was 
considered adequate for use in the Committee’s evaluation for fumonisins; the 
Committee noted that the interaction between AFB1, a compound with known 
genotoxic and hepatocarcinogenic properties, and fumonisins, which have 
the potential to induce regenerative cell proliferation in the liver, would be of 
concern. The Committee has not performed a full evaluation for the co-exposure 
of fumonisins and aflatoxins previously. 
 At the current meeting, the Committee evaluated updated toxicological 
and exposure data for fumonisins and aflatoxins separately (see above). At the 
request of CCCF, the Committee also evaluated co-exposure to aflatoxins and 
fumonisins.
 From the international estimates of dietary exposure, two GEMS/Food 
clusters (G05 and G13) have high dietary exposure to both AFB1 and FB1. The 
countries (Guatemala and the United Republic of Tanzania) where co-exposure 
has been confirmed using urinary or plasma exposure biomarkers of FB1 and 
AFB1 belong to these two clusters. 
 Although evidence in laboratory animals from the previous and the 
present evaluations has suggested an additive or synergistic effect of fumonisin 
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and aflatoxin co-exposure in the development of preneoplastic lesions or 
hepatocellular carcinoma, currently no data are available on such effects in 
humans. 
 Two prospective epidemiological studies do not support the hypothesis 
of an interaction between aflatoxins and fumonisins in childhood stunting. 
 The Committee concluded that there are few data available to support 
co-exposure as a contributing factor in human disease. However, the interaction 
between AFB1, a compound with known genotoxic properties, and fumonisins, 
which have the potential to induce regenerative cell proliferation (particularly at 
exposures above the PMTDI), remains a concern. This is due to the fact that the 
incidences of chronic liver disease and stunting are high in the areas of the world 
where the exposures to both mycotoxins are high and the co-exposure has been 
confirmed with biomarkers.
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Meeting agenda

83rd JOINT FAO/WHO EXPERT COMMITTEE ON FOOD ADDITIVES (JECFA) 
FAO Headquarters, Rome, 8 – 17 November

Opening: 
Philippine Room (C277) 8 November at 9.30h

Draft Agenda

1. Opening

2. Declarations of Interests (information by the Secretariat on any declared interests 
and discussion, update by experts).

3. Election of Chairperson and Vice-Chairperson, appointment of Rapporteurs

4. Adoption of Agenda

5. Matters of interest arising from previous Sessions of the Codex Committee on  
Contaminants in Foods (CCCF)  

6. Critical issues and questions from Working Papers (first brief round of discussion 
on all subjects to inform the full Committee) 

7. Evaluations 

7.1 Aflatoxins 
7.2 Diacetoxyscirpenol 
7.3 Fumonisins (and co-exposure with aflatoxins) 
7.4 Glycidyl esters 
7.5 3-MCPD esters 
7.6 Sterigmatocystin

8. Other matters to be considered (general considerations) 
- TTC decision tree (EFSA-WHO report) and relevance to work of JECFA on 
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contaminants 
http://www.efsa.europa.eu/sites/default/files/corporate_publications/files/1006e.pdf

- Update from IPCS on risk assessment work: chemical-specific adjustment factors 
(CSAF), mixtures 

- Feedback on new WHO guidance to experts 
 

Update of EHC 240: 
- Development of guidance on the evaluation of genotoxicity studies 
-  Updated guidance on dose–response modelling for use in risk assessment 
-  Guidance on handling of high percentage of left-censored occurrence data 

 
9. Other matters as may be brought forth by the Committee during discussions at the 

meeting. 
 
10. Adoption of the report. 

http://www.efsa.europa.eu/sites/default/files/corporate_publications/files/1006e.pdf
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Evaluation of certain contaminants in food
This report represents the conclusions of a Joint FAO/WHO Expert 
Committee convened to evaluate the safety of various contaminants or 
groups of contaminants in food. 

The first part of the report contains a brief description of general 
considerations addressed at the meeting, including updates on matters 
of interest to the work of the Committee. A summary follows of the 
Committee’s evaluations of technical, toxicological and/or dietary 
exposure data for six contaminants or groups of contaminants (aflatoxins, 
4,15-diacetoxyscirpenol, fumonisins, glycidyl esters, 3-MCPD esters and 
3-MCPD, sterigmatocystin) as well as an evaluation of co-exposure of 
fumonisins with aflatoxins.

Annexed to the report is a summary of the toxicological and dietary 
exposure information as well as the Committee’s recommendations on the 
contaminants and groups of contaminants considered at this meeting.
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