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SUMMARY AND CONCLUSIONS 

Issued on 5 March 2021 

 

A meeting of the Joint FAO/WHO Expert Committee on Food Additives (JECFA) was held on a virtual 
online platform from 1 to 12 February 2021, with an additional day for the report adoption on 25 February. 
The purpose of the meeting was to evaluate the acceptability of certain substances as previous cargoes 
and the safety of certain food contaminants, as well as to revise the specifications on steviol glycosides. 
The present meeting was the ninety-first in a series of similar meetings.  

If conditions had permitted, the ninety-first meeting of JECFA would have been held at FAO 
headquarters in Rome, Italy. Because of the travel restrictions and lock-downs due to the COVID-19 
pandemic in many countries, the joint FAO/WHO JECFA secretariat was unable to convene a physical 
meeting. Therefore, the meeting was held as a video-conference. 

In view of the time differences in the countries of origin of the invited experts, the only possible time for 
a video-conference was restricted to a 4-hour time slot (12:00–16:00 CEST) each day. This allowed only 
40% of the usual daily length (8–10 hours) of a JECFA meeting. In an effort to regain some additional 
meeting time, the ninety-first JECFA meeting was extended by 3 days, adding Monday 1 February, 
Friday 12 February and Thursday 25 February 2021. 

Dr R. Cantrill served as Chairperson and Dr D. Benford served as Vice-Chairperson. 

Ms K.B. Laurvick and Dr U. Mueller served as joint rapporteurs. 

The Committee evaluated the contaminants cadmium and ergot alkaloids, and 5 substances that may 
occur as previous cargoes, as well as revising the specifications for steviol glycosides. The tasks before 
the Committee were (a) to undertake toxicological evaluations and dietary exposure assessments in 
relation to certain contaminants in food and (b) to revise the specifications for certain food additives.  

This document summarizes the conclusions of the ninety-first meeting of JECFA. More details than are 
normally made available in a summary report are included on cadmium. This decision was made on an 
exceptional basis to facilitate the deliberations of the upcoming Codex Committee on Contaminants in 
Food. 

The report of the meeting will be published in the WHO Technical Report Series. The report will 
summarize the main conclusions of the Committee. Its presentation will be similar to that of previous 
reports – namely, comments on specific contaminants in food including previous cargoes, and on 
specific food additives, followed by recommendations. An annex will include a summary (similar to the 
summary in this report) of the main conclusions of the Committee in terms of toxicological and safety 
recommendations. 

The participants are listed in Annex 1 to this summary document. Future work and recommendations 
arising from the meeting are summarized in Annex 2. Annex 3 summarizes observations by experts with 
regard to the practicability of holding these expert meetings online rather than in-person. 

Toxicological and dietary exposure monographs on the contaminants and additives considered will be 
published in WHO Food Additives Series No. 82. 
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More information on the work of JECFA is available at: 

http://www.fao.org/food-safety/scientific-advice/jecfa/en/ 

and 

https://www.who.int/groups/joint-fao-who-expert-committee-on-food-additives-(jecfa)/ 
 

The issuance of this document does not constitute formal publication. The document may, however, 
be freely reviewed, abstracted, reproduced or translated, in whole or in part, but not for sale or use in 

conjunction with commercial purposes. 

http://www.fao.org/food-safety/scientific-advice/jecfa/en/
https://www.who.int/groups/joint-fao-who-expert-committee-on-food-additives-(jecfa)/
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Toxicological and dietary exposure information and conclusions 

 

Contaminants evaluated  

 

Cadmium (exposure assessment from all food sources)1 

Explanation  

Cadmium was evaluated by the Committee at its sixteenth, thirty-third, forty-first, fifty-fifth, sixty-first, sixty-
fourth, seventy-third and seventy-seventh meetings. At the sixty-first and sixty-fourth meetings, the Committee 
noted that the estimated total mean dietary exposure to cadmium from all foods, derived from per capita data 
from the five GEMS/Food regional diets, ranged from 40% to 60% of the provisional tolerable weekly intake 
(PTWI) applicable at that time of 7 μg/kg bw. The seven commodity groups that contributed significantly to total 
mean dietary exposure to cadmium were rice, wheat, root vegetables, tuber vegetables, leafy vegetables, other 
vegetables and molluscs (40–85% of the total mean dietary exposure to cadmium across the five regional 
diets). 

At its seventy-third meeting in 2011, the Committee re-evaluated cadmium and established a provisional 
tolerable monthly intake (PTMI) of 25 μg/kg bw, reflecting the long half-life of cadmium in humans. Reported 
national estimates of mean dietary exposure to cadmium from all foods for adults ranged from 2.2 to 12 μg/kg 
bw per month, or 9–48% of the PTMI. For European children up to 12 years of age, this estimate was 11.9 
μg/kg bw per month or 47% of the PTMI. High percentile dietary exposures to cadmium for adults from Europe, 
Lebanon and the USA were reported to range from 6.9 to 12.1 μg/kg bw per month (28–48% of the PTMI), and 
from 20.4 to 22.0 μg/kg bw per month (82–88% of the PTMI) for children aged 0.5–12 years from Australia and 
the United States of America (USA). Data on cadmium occurrence and consumption of foods containing cocoa 
and its derivatives were included in all 2011 estimates. Although not all estimates of dietary cadmium exposure 
evaluated at the seventy-third meeting reported the major contributing foods, for those estimates that did report 
this information, cereals and cereal products and vegetables were consistently reported as major contributors, 
with seafood and meat, including offal, also reported in some studies. None of the studies reported cocoa 
products as major contributors to dietary cadmium exposure. 

At its seventy-seventh meeting in 2013, the Committee conducted an assessment of dietary exposure to 
cadmium from cocoa and cocoa products at the request of the sixth session of the Codex Committee on 
Contaminants in Foods (CCCF). The Committee considered the exposure to cadmium from foods containing 
cocoa and its derivatives in the context of overall dietary exposure. The estimates of mean dietary exposure to 
cadmium from foods containing cocoa and its derivatives ranged from 0.005 to 0.39 μg/kg bw per month or 
0.2–1.6% of the PTMI across the 17 GEMS/Food cluster diets, assuming a body weight of 60 kg. Mean dietary 
exposure estimates for individual cocoa products based on national food consumption data ranged from 0.001 
to 0.46 μg/kg bw per month or 0.004–1.8% of the PTMI. The cocoa products included were cocoa beverages, 
cocoa powder and other cocoa products. The highest high exposure (P97.5) was estimated at 12 μg/kg bw per 
month for European children 7–11 years of age solely due to the consumption of cocoa powder. Combining the 
highest P97.5 dietary exposure estimate for adults and children out of the three cocoa products with the mean 
dietary exposure estimates for both age groups from the whole diet, the Committee estimated a total dietary 
exposure of 7.4–17.2 μg/kg bw per month or 30–69% of the PTMI for adults and 23.9 μg/kg bw per month or 
96% of the PTMI for children aged 0.5–12 years. The Committee noted that these estimates of total dietary 
cadmium exposure very likely overestimated the exposure, because the estimates from the whole diet also 
included a contribution from cocoa and cocoa products. 

At the request of the thirteenth session of CCCF for more comprehensive occurrence data for cadmium in food, 
the JECFA Secretariat issued a call for data on cadmium in chocolate and cocoa-derived products in 2019. The 
submitted data included a wider geographical range of occurrence data for cadmium in cocoa products than 
considered at the seventy-seventh meeting of the Committee. The occurrence data also showed a higher mean 
concentration for cadmium in cocoa products than previously noted by the Committee. As a result, the JECFA 
Secretariat considered it appropriate to revise the dietary exposure assessment of cadmium to include not only 
chocolate and cocoa products but the contribution from all food sources. At the present meeting the Committee 
reassessed cadmium exposure to include the contribution of all food sources, particularly cocoa products. 

 

Data submitted or available to the Committee 

The GEMS/Food contaminants database was queried for records relating to cadmium in any food. The 
database query was restricted to records submitted since the previous assessment of dietary cadmium 

 
1 More details than are normally made available in a summary report are included on cadmium. This decision was made on an 

exceptional basis to facilitate the deliberations of the upcoming Codex Committee on Contaminants in Food. 
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exposure from the whole diet by the Committee in 2011. Data submitted since 1 January 2011 originated from 
27 countries or country groups (WHO European Region, WHO African Region), representing 10 of the 17 
GEMS/Food cluster diets. It should be noted that for several of the countries or clusters the available data were 
limited in quantity or restricted to a narrow range of foods. For example, the sole country providing data from 
cluster G09 (Indonesia) submitted analytical results for 30 samples of cocoa products only. Five clusters (G07, 
G08, G10, G11 and G15) cover the countries of Europe; however, most of the contaminant concentration data 
available for these countries were only identified at the level of the WHO European Region and it was not 
possible to examine differences in contamination profile between these clusters using these data.  

The final data set contained 277 292 records, of which 216 373 (78%) were from the WHO European Region. A 
considerable body of non-European data was available for cluster G10, submitted by Canada (n = 21 501), 
Japan (n = 5332) and the USA (n = 5887). Records were widely spread across different food types, with the 
most commonly analysed food types being edible pig offal (7.3%), marine fish (6.9%) and cattle meat (3.7%). 

Given the focus of the current assessment on cadmium in cocoa and cocoa products, an overview of these 
data as included in the dietary exposure assessment was prepared. In total, 6957 records for cocoa and cocoa 
products were available, representing 2.5% of all records in the final data set. These records related to five 
groups of cocoa products: cocoa beans (n = 108), cocoa beverage (n = 20), cocoa butter (n = 20), cocoa mass 
(n = 218), cocoa powder (n = 2583) and chocolate (n = 4008). As for the whole database, the main single 
source of records for cocoa products was the WHO European Region, accounting for 2293 records (33%). 

The Committee additionally evaluated published data on dietary exposure to cadmium at a national level. Since 
the evaluation of cadmium at the seventy-third meeting of the Committee in 2011, a number of national 
evaluations of chronic dietary exposure have been published. The Committee evaluated 44 national studies 
conducted worldwide in 32 countries and a country grouping, as reported in the literature. Studies evaluated 
were from Australia, Bangladesh, Benin, Brazil, Cameroon, Canada, Chile, China, Denmark, Europe, France, 
French Polynesia, Germany, Hong Kong Special Administrative Region of China, Ireland, Islamic Republic of 
Iran, Italy, Japan, Republic of Korea, Mali, the Netherlands, New Zealand, Nigeria, Poland, Serbia, Spain, Sri 
Lanka, Sweden, Thailand, the United Kingdom, the United States of America and Viet Nam. Evaluation was 
restricted to studies that included most of the foods commonly eaten in the country.  

Given the large number of national estimates of dietary cadmium exposure available from the literature, their 
coverage of countries across the world, and their consistency, the Committee considered that deriving less 
refined international and national estimates of dietary exposure was inappropriate. The GEMS/Food cluster 
diets were used only to examine the contribution of cocoa products to dietary cadmium exposure. 

National estimates of dietary exposure 

The mean dietary exposure to cadmium from the total diet at a national level ranged from 0.6 µg/kg bw per 
month for adults in the Sikasso region of Mali (2.4% of the PTMI) up to 24 µg/kg bw per month in children aged 
4–11 years in China (96% of the PTMI). The maximum reported high percentile estimate of dietary cadmium 
exposure was 66 µg/kg bw per month in boys aged 8 years from Australia (260% of the PTMI). However, this 
estimate was based on a one-day 24-hour dietary recall (24HDR), which may have inflated the high percentile 
estimate. The highest high percentile estimate of dietary cadmium exposure based on multiple-day dietary 
records was for children aged 4–11 years in China (48.2 µg/kg bw per month; 190% of the PTMI). High 
percentile estimates of adult dietary cadmium exposure were only occasionally above the PTMI and were 
typically 20–60% of the PTMI. The main sources of cadmium exposure were grain and grain-based products, 
vegetables, and fish and seafood. 

Temporal trends in dietary cadmium exposure 

Owing to differences in study design and study location, it is not possible to identify any trends in dietary 
exposure to cadmium across the Committee evaluations (sixty-first, sixty-fourth, seventy-third and current). 
Most studies continue to report estimated mean dietary exposure to cadmium approximately in the range of 10–
40% of the health-based guidance value, and sometimes higher. Similarly, the major foods contributing to 
dietary cadmium exposure have not changed, with cereals, vegetables and seafood, especially molluscs being 
consistent major contributors across evaluations. None of the Committee evaluations have identified cocoa 
products as major contributors to dietary cadmium exposure. 

Contribution of cocoa products to dietary exposure 

Where relevant information was included in the published national estimates of dietary exposure, the 
contribution of cocoa products to the total mean dietary exposure to cadmium ranged from 0.2 to 9%.  

Further estimates of the contribution of cocoa products to dietary cadmium exposure were derived using the 
GEMS/Food cluster diets and global estimates of mean concentrations of cadmium derived from all extracted 
data in the GEMS/Food contaminants database (277 292 records). Across cluster diets, cocoa products 
contributed 0.1–5.9% of dietary cadmium exposure. Clusters with the highest contributions to dietary cadmium 
exposure from cocoa products were the “westernized” clusters (G07, G08, G10 and G15), including 
predominantly European and North American countries. Contributions for these clusters ranged from 3.4–5.9%, 
with the greatest contribution for G07. These contributions reflect the higher consumption of chocolate and, 
more particularly, cocoa powder in the countries within these clusters, as the cadmium concentrations in foods 
were assumed not to differ between clusters. 
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The major producers of cocoa are African countries (Cameroon, Côte d’Ivoire, Ghana and Nigeria), Indonesia 
and South and Central American countries (Brazil, Colombia, Dominican Republic, Ecuador and Peru). These 
countries are represented by the clusters G03, G05, G09 and G13. Interestingly, cocoa products were generally 
very low contributors to dietary cadmium exposure (<1%) in these regions. 

The potential impact on the contribution of cocoa products to dietary cadmium exposure of consuming products 
sourced from a single geographical region (GEMS/Food cluster) was explored for the cluster diet (G07) with the 
greatest contribution from cocoa products to cadmium exposure. In addition, sufficient information for such an 
analysis was also available from the European dietary exposure assessment, carried out by the European Food 
Safety Authority (EFSA).2 Based on these data, the Committee conducted a more detailed analysis of the 
impact of consumption of cocoa products from a single geographical region on dietary cadmium exposure for 
different age groups in Europe. The results of these analyses are summarized in Table 1. This analysis 
suggests that there are potential scenarios under which cocoa products would be the main contributor to dietary 
cadmium exposure. 

Table 1 

Impact of the source of cocoa products consumed on the contribution of cocoa products to dietary 
cadmium exposure, GEMS/Food cluster G07 and European countries 

Populationa Contribution of cocoa products to dietary cadmium exposure (%) dependent on 
the source of cocoa products consumed 

 Allb G03c G05c G09c 

Literature national 
estimate 

0.1–9.4    

Cluster G07c 5.9 0.9 9.8 3.8 

European countries 

Infants 0.2 0.1 1.3 0.4 

Toddlers 4.2 1.2 19.7 7.0 

Other children 9.4 3.9 39.4 17.6 

Adolescents 9.4 4.2 39.5 17.9 

Adults 4.6 1.4 21.1 7.6 

Elderly 2.6 0.7 12.6 4.2 

Very elderly 2.8 0.8 13.7 4.7 

a Infants: 12 weeks–11 months; toddlers: 12–35 months; other children: 3–9 years; adolescents: 10–17 years; adults: 18–64 
years, elderly: 65–74 years; very elderly: ≥ 75 years 

b For the GEMS/Food cluster G07, “all” refers to the total data set on cadmium concentrations in cocoa products submitted to 
the GEMS/Food contaminants database. For literature and European estimates (1), “all” refers to the cadmium concentration 
data used in the original analyses 

c Cluster G03 includes African countries, G05 includes mainly South and Central American countries, G09 includes mainly 
South-East Asian countries, and G07 includes mainly European countries, Australia, Bermuda and Uruguay 

 

Impact of established and proposed maximum limits for cadmium on cocoa product rejection rates and 
dietary cadmium exposure 

The Codex Alimentarius General Standard for Contaminants and Toxins in Food and Feed includes maximum 
limits (MLs) for cadmium in: 

• chocolate containing or declaring ≥ 50% to < 70% total cocoa solids on a dry matter basis of 800 
µg/kg; and 

• chocolate containing or declaring ≥ 70% total cocoa solids on a dry matter basis of 900 µg/kg. 

At the thirteenth meeting of CCCF in 2019, further MLs were discussed and it was proposed to derive MLs 
proportional to the cocoa solids content of the cocoa products: 

• ML of 300 µg/kg for chocolates containing or declaring <30% total cocoa solids on a dry matter basis; 

• ML of 500 µg/kg for chocolates containing or declaring ≥30% to <50% total cocoa solids on a dry 
matter basis; and 

• ML of 1500 µg/kg for cocoa powder (100% total cocoa solids on a dry matter basis, sold for final 
consumption). 

Of the 4008 records in the GEMS/Food contaminants database related to chocolate, it was only possible to 
establish the percentage of cocoa solids for 638 (15.9%). These records were virtually all from countries in 
cluster G05 (South/Central America). The proportion of samples that exceeded the established or proposed ML 
ranged from 2.1% for chocolate with a ≥30 to <50% cocoa solids content to 16.3% for cocoa powder. Virtually 
all cocoa powder samples with cadmium concentrations above the ML were from countries in cluster G05 

 
2 EFSA. Cadmium dietary exposure in the European population: European Food Safety Authority. EFSA J. 2012;10:2551. 
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(South/Central America), resulting in a substantially higher potential rejection rate for cocoa powder samples 
from this cluster (405 of 1345 samples, 30.1%). 

A summary of potential rejection rates for chocolate and cocoa powder from application of established and 
proposed MLs and the impact of applying the MLs on mean cadmium concentrations is provided in Table 2. 
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Table 2  

Proportion of chocolate samples in different cocoa solids content classes and cocoa powder from different sources exceeding the established or proposed 
Codex maximum limit (ML) and the impact on mean cadmium concentration (medium bound)  

  Chocolate, classified by cocoa solids content (%)a  Cocoa powder  

  <30  ≥30 to <50  ≥50 to <70  ≥70  All  G03  G05  G09  

ML (µg/kg)  300  500  800  900  1500  1500  1500  1500  

Number of samples  114  187  251  86  2583  74  1345  9  

Number of samples with cadmium 
concentration > ML (%)  

3 (2.6)  4 (2.1)  27 (10.7)  4 (4.7)  420 (16.3)  0 (0.0)  405 (30.1)  0 (0.0)  

MB mean, all samples  121  180  474  318  971  141  1600  609  

MB mean, sample ≤ ML only (µg/kg)  110  172  418  255  502  141  814  609  

G03: mainly African countries; G05: mainly South/Central American countries; G09: mainly South-East Asian countries; LOD: limit of detection; MB: medium bound, analytical results below the 
limit of detection (LOD) are substituted by a value equal to LOD/2; ML: maximum limit  

a Samples for which the cocoa solids content was available were almost all from countries in cluster G05 
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Using the data across all clusters with sufficient information to allow application of the MLs, the mean 
contribution of cocoa products to dietary cadmium exposure was 2.2% without application of the MLs and 1.5% 
with application of MLs (see Table 3). Application of the MLs resulted in a mean reduction in dietary cadmium 
exposure of 0.7% across all clusters with reductions ranging from 0.0% (cluster G16) to 2.4% (cluster G07). 

Application of the MLs had the greatest impact on dietary cadmium exposure when it was assumed that cocoa 
powder was sourced entirely from countries in cluster G05. This is not surprising as, for clusters G03, G05 and 
G09, only cocoa powder samples from cluster G05 had cadmium concentrations above the ML (30.1%, see 
Table 2). For cocoa products sourced from countries in cluster G03 and G09, application of the MLs had a 
negligible impact on dietary cadmium exposure, as the changes in exposure were only due to changes in the 
mean cadmium concentration for chocolate. The results of these analyses are summarized in Table 3. 

Table 3 

Impact of maximum limits (MLs) for cadmium in chocolate and cocoa powder and source of cocoa 
products on potential rejection rates and the contribution of cocoa products to dietary cadmium 
exposure for GEMS/Food cluster diets  

Source of cocoa 
productsa 

Potential rejection 
rate (%) for cocoa 
powder samples 
from application 

of MLb 

Mean contribution (range) of cocoa 
products to dietary cadmium exposure, 

GEMS/Food cluster diets (%) 

Mean reduction 
(range) in dietary 

cadmium 
exposure due to 

application of 
MLs, GEMS/Food 
cluster dietsc (%) 

  Without MLs 
applied 

With MLs applied  

Alld 16.3 2.2 (0.1–6.6) 1.5 (0.1–4.3) 0.7 (0.0–2.4) 

Cluster G03 0.0 1.1 (0.0–2.9) 1.1 (0.0–2.6) 0.1 (0.0–0.3) 

Cluster G05 30.1 2.9 (0.2–9.3) 1.9 (0.1–5.7) 1.1 (0.0–3.8) 

Cluster G09 0.0 1.7 (0.1–5.0) 1.6 (0.1–4.8) 0.1 (0.0–0.3) 

ML: maximum limit, both proposed and established MLs were applied in this analysis; G03: mainly African countries; G05: 
mainly South/Central American countries; G09: mainly South-East Asian countries 

a Cocoa products included in the GEMS/Food cluster diets are cocoa beans, cocoa butter, cocoa mass, cocoa powder and 
chocolate 

b Potential rejection rates for chocolate are not given, as submitted data with sufficient information to allow application of MLs 
were only received from countries in cluster G05. The total rejection rate for chocolate samples was 4.9% 

c The percentages in this column are the percentage decreases in the estimated dietary cadmium exposure due to application 
of the MLs, rather than the difference in the contribution from cocoa products 

d “All” refers to the total data set on cadmium concentrations in cocoa products submitted to the GEMS/Food contaminants 
database with sufficient information to apply the MLs 

 

Evaluation 

The Committee assessed information related to exposure to cadmium from all food sources, with a particular 
focus on cocoa products. Information assessed was restricted to the period since the previous assessment of 
dietary exposure to cadmium in 2011. The Committee summarized dietary cadmium exposure estimates from 
44 national studies conducted worldwide in 32 countries and a country grouping as reported in the literature. 
The mean dietary exposure to cadmium from the whole diet ranged from 0.6 µg/kg bw per month (2.4% of the 
PTMI) for adults in the Sikasso region of Mali up to 24 µg/kg bw per month (96% of the PTMI) in children aged 
4–11 years in China. These children from China also had the highest high percentile estimate of dietary 
cadmium of 48.2 µg/kg bw per month (190% of the PTMI). High percentile estimates of adult dietary cadmium 
exposure were only occasionally above the PTMI and were typically 20–60% of the PTMI. Consistent with the 
previous evaluations of the Committee, the present evaluation identified the main sources of dietary cadmium 
exposure in these national studies as cereals and cereal-based products, vegetables, and fish and seafood. Of 
the 44 studies reviewed, only nine reported the contribution of cocoa products to the total mean dietary 
exposure to cadmium, which ranged from 0.2 to 9%.  

Given the large number of national estimates of dietary cadmium exposure available from the literature, their 
coverage of countries across the world, and their consistency, the Committee considered that deriving less 
refined international and national estimates of dietary exposure was unnecessary. 

Based on data on the concentration of cadmium in foods submitted to the GEMS/Food contaminants database 
since 1 January 2011, the Committee examined the contribution of cocoa products to the mean dietary 
exposure to cadmium using the GEMS/Food clusters diets. Analyses using these data showed that the 
contribution of cocoa products to the dietary exposure to cadmium was consistent with the estimates based on 
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national dietary exposure studies, ranging from 0.1% to 5.9%. The highest contributions were calculated for 
European and North American countries, reflecting the higher consumption of chocolate and cocoa powder in 
these countries. 

The potential impact of consumption of cocoa products from a single geographical region, as represented by 
GEMS/Food clusters was examined. For the cluster with the greatest contribution to dietary cadmium exposure 
from cocoa products (G07, mainly European countries, 5.9%) this contribution would decrease to 0.9% or 
increase to almost 10% if cocoa products were sourced only from countries in cluster G03 (Africa) or G05 
(South/Central America), respectively. The Committee carried out a similar analysis using data (mean 
concentrations of cadmium in cocoa products, dietary cadmium exposure estimates and contributions of cocoa 
products to dietary exposure) for European countries reported by EFSA.1 In the EFSA study, the age group with 
the greatest contribution to dietary cadmium exposure from cocoa products was children aged 3–9 years 
(contribution 9.4%). From the Committee’s analysis, if this age group were to consume cocoa products sourced 
solely from cluster G03 (Africa), dietary cadmium exposure would decrease modestly (16.8 to 15.8 µg/kg bw 
per month), while the contribution from cocoa products would decrease to 3.9%. If this group were to consume 
cocoa products sourced solely from cluster G05 (South/Central America), dietary cadmium exposure would 
increase to 25.1 µg/kg bw per month, with cocoa products contributing 39% of dietary cadmium exposure. 

CCCF has proposed MLs for chocolate with proportions of total cocoa solids of <30% and ≥30% to <50% on a 
dry matter basis and for cocoa powder with 100% total cocoa solids on a dry matter basis. These MLs are 
proposed in addition to existing MLs for chocolate with ≥50% to <70% and ≥70% total cocoa solids on a dry 
matter basis. Cocoa solids content information was available for a limited subset (15.9%) of the chocolate 
records in the GEMS/Food contaminants database. Comparing the cadmium concentrations in chocolate and 
cocoa powder in the GEMS/Food contaminants database to the existing and proposed MLs showed that 2.1–
10.7% of the chocolate samples and 16.3% of the cocoa powder samples had concentrations higher than the 
MLs and could potentially be rejected by importing countries through application of the MLs. Applying these 
MLs compared to not applying them resulted in an average decrease in the contribution of cocoa products 
(including also cocoa beans, cocoa butter and cocoa mass) to the dietary exposure to cadmium of 0.7% across 
all clusters. 

At its seventy-third meeting in 2011, the Committee established a PTMI of 25 μg/kg bw, reflecting the long half-
life of cadmium in humans. The PTMI was not reviewed at the current meeting. The national exposure 
estimates were predominantly below this PTMI, with some exceptions for young children or adults living in 
China. The Committee noted that the current JECFA PTMI for cadmium is based on long-term bioaccumulation 
in the kidney, with steady-state not achieved until after 45–60 years of exposure. The Committee concluded 
that dietary exposure above the PTMI for limited periods may be of lesser concern in younger age groups. 
However, there may be a health concern in areas where the cadmium exposure during adulthood exceeds the 
PTMI.  

The Committee concluded that major contributors to dietary cadmium exposure were cereals and cereal 
products, vegetables and seafood. The contribution of cocoa products to dietary cadmium exposure was minor 
in comparison (0.1–9.4% for national studies and estimates based on GEMS/Food cluster diets), even in 
countries in which the consumption of cocoa products is relatively high.  

Application of both established and proposed MLs for chocolate and cocoa powder may result in substantial 
rejection rates (up to 30%) for products from some regions, but has only a minor impact (mean decrease across 
clusters of 0.7%, range 0.0–2.4%) on total dietary cadmium exposure.  

A dietary exposure monograph was prepared. 

 

1 EFSA. Cadmium dietary exposure in the European population: European Food Safety Authority. EFSA J. 2012;10:2551. 
 

Ergot alkaloids 

 

 The Committee identified the pharmacological effect of ergometrine maleate on the 
uterus, causing uterine contractions in humans during late pregnancy and 
postpartum, as the critical effect for the evaluation of ergot alkaloids (EAs) in the 
diet.  

The Committee established an acute reference dose (ARfD), based on the following 
considerations: 

1. The lowest oral therapeutic dose of 0.2 mg ergometrine maleate 
(equivalent to 2.5 µg/kg bw, expressed as ergometrine) is considered a 
pharmacological effect level in the most sensitive individuals, i.e. those 
with high absorption.  

2. Of the EAs that have been used as drugs, ergometrine is known to have 
the highest potency for uterine contractions and its uterotonic effect 
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increases towards the end of pregnancy. 

In selecting an uncertainty factor (UF) for extrapolation from the pharmacological 
effect level at the therapeutic dose (LOEL) to a NOEL, the Committee took into 
consideration that the data relate to a short-lived, reversible, pharmacological effect, 
seen within a very sensitive subpopulation (women in late pregnancy or 
postpartum). A UF of 2 was considered appropriate for extrapolating from a 
pharmacological LOEL to a NOEL. 

To derive an ARfD from a NOEL based on human data, in the absence of additional 
information, the default UF would normally be 10. However, for a substance that 
reversibly interacts with specific receptors, as is the case here, with a 
pharmacological effect that is predominantly dependent on its maximum plasma 
concentration (i.e. Cmax), a UF for toxicokinetic differences is considered 
unnecessary. The Committee therefore applied the UF of 3.16 to cover possible 
interindividual toxicodynamic differences.  

Applying a composite UF of 6.3 (2 × 3.16) results in an acute reference dose of 0.4 
µg ergometrine/kg bw (2.5 ÷ 6.3 = 0.4). The Committee noted that it is appropriate 
to establish a group acute reference dose for EAs but concluded that the available 
data are not sufficient to establish toxic equivalency factors (TEFs) for different EAs. 
Therefore, the ARfD is established as a group ARfD for the simple sum of total EAs 
in the diet.  

This ARfD would also be protective for other potentially sensitive subgroups in the 
population, such as children, based on similar calculations in relation to adverse 
effects (gastrointestinal symptoms) in that group following unintentional exposure to 
ergometrine maleate. 

Limited data from two 4-week studies on ergotamine tartrate and α-ergocryptine in 
rats allowed the determination of a reference point (BMDL10) of 1.3 mg/kg bw for 
EAs, based on muscular degeneration in the tail, secondary to vasoconstriction. 
The Committee noted that the human pharmacological effect level of 2.5 µg/kg bw 
and its derived NOEL provided a much more sensitive reference point for derivation 
of an ARfD than the BMDL10 value from a downstream toxic effect in animals.  

As a first approach to establishing a TDI, the Committee considered the data from 
repeated-dose animal studies and selected the lowest BMDL10 value of 0.6 mg/kg 
bw per day calculated for ergotamine, based on tail muscular atrophy, secondary to 
vasoconstriction, observed in the 13-week study in rats as reference point. Applying 
a default UF of 100 for intra- and inter-species differences, a UF of 2 for 
extrapolation from a 13-week study to chronic exposure and an additional UF of 3 to 
take into account the limitations of the available toxicity data would indicate 
derivation of a TDI of 1 µg/kg bw per day. 

The Committee considered that a TDI should not be higher than the ARfD and 
decided to establish a group TDI for the sum of total EAs in the diet at the same 
value as the group ARfD of 0.4 µg/kg bw per day.  

The Committee noted that some estimates of the mean (0.46–0.47 µg/kg bw per 
day) and high percentile (0.56–0.86 µg/kg bw per day) chronic dietary exposure in 
children and some estimates of the high percentile acute dietary exposure in 
children (0.65–0.98 µg/kg bw per day) and in adults (0.49 µg/kg bw per day) 
exceeded the EAs group health-based guidance value (HBGV), and that this may 
indicate a human health concern. 

 

Previous cargoes Margins of exposure and other conclusions on toxicology and dietary 
exposure 

Solvents/reactants (Group 1) 
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Acetic anhydride  No information regarding the short-term and long-term toxicity of acetic anhydride 
was identified. However, upon evaluation of the available information, the 
Committee noted that it had previously allocated a group acceptable daily intake 
(ADI) “not specified” to acetic anhydride’s immediate hydrolysis product, i.e. acetic 
acid and its potassium and sodium salts. Since acetic anhydride is anticipated to 
be rapidly hydrolysed to acetic acid during tank washing, within the edible oil cargo 
and after ingestion, the group ADI “not specified” for acetic acid and its potassium 
and sodium salts is considered directly relevant for this assessment of acetic 
anhydride. The United States National Research Council estimated that mean 
exposure to acetic acid from all food sources is 2.1 g/day for persons above 2 years 
of age, which is equivalent to 35 mg/kg bw per day for adults based on a body 
weight of 60 kg. It is not expected that exposure to acetic acid present due to 
hydrolysis of acetic anhydride in carryover from previous cargoes would add 
significantly to total exposures to acetic acid. Therefore, acetic anhydride at the 
generic human dietary exposure value for previous cargoes of 0.3 mg/kg bw per 
day would only contribute marginally to the overall dietary exposure to acetic acid 
and is not expected to result in adverse effects on human health. 

The Committee concluded that considering the widespread presence of acetic acid 
in the diet, it is unlikely that acetic anhydride present in low concentrations such as 
when transported as a previous cargo will produce an allergic response.  

Acetic anhydride acetylates free hydroxyl groups without a catalyst, but 
esterification is more complete in the presence of acids, so acetic anhydride and 
acetic acid could react with alcohols (for example mono- and diglycerides) forming 
acetates. Reaction rates are likely to be slow at ambient temperature. 

Although exposure to acetic anhydride and acetic acid as a result of transporting 
acetic anhydride as a previous cargo does not appear to be a health concern, there 
is uncertainty concerning the purity or “grade” of acetic anhydride that is transported 
as a previous cargo. Since acetic anhydride may contain impurities (e.g. diketene), 
which are potentially genotoxic, the Committee could not reach a conclusion on the 
safety of transporting acetic anhydride as a previous cargo for edible fats and oils 
until the nature and quantities of these impurities have been clarified. 

sec-Butyl acetate No information regarding the short-term and long-term toxicity of sec-butyl acetate 
was identified; however, for sec-butanol, the Committee identified a BMDL05 of 
657 mg/kg bw per day based on reduced offspring body weight from a two-
generation reproductive and developmental toxicity study in rats. sec-Butyl acetate 
is naturally present in vinegar and is approved for use as a flavouring agent in 
Europe. The Committee estimated that exposure to sec-butyl acetate from vinegar 
consumption and its use as a flavouring agent is approximately 0.1 mg/kg bw per 
day. A comparison of the BMDL05 of 657 mg/kg bw per day for sec-butanol with the 
generic human dietary exposure value for previous cargoes of 0.3 mg/kg bw per 
day for sec-butyl acetate as a previous cargo plus its presence in the diet (0.1 mg/kg 
bw per day) yields a margin of exposure (MOE) of 1643, which is considered 
sufficient to address the uncertainties in the database.  

There are no data on allergenicity upon oral exposure to sec-butyl acetate that 
indicate that it is or it contains a known food allergen. 

sec-Butyl acetate hydrolyses to acetic acid and sec-butanol, which in the presence 
of acid may participate in transesterification with lipids, producing a mixture of fatty 
acid sec-butyl esters and glycerol. However, the reactions are slow, requiring an 
excess of alcohol and temperatures above 100 °C. 

Therefore, sec-butyl acetate meets the criteria for acceptability as a previous cargo 
for edible fats and oils. 

tert-Butyl acetate No information regarding the short-term and long-term toxicity of tert-butyl acetate 
was identified; however, the Committee identified a LOAEL of 180 mg/kg bw per 
day based on renal effects observed in female rats chronically exposed to a 
metabolite of tert-butyl acetate (i.e. tert-butanol) in drinking-water. The LOAEL for 
tert-butanol is lower than the NOAEL of 400 mg/kg bw per day of tert-butyl acetate 
for developmental toxicity and represents a conservative metric for risk assessment 
of tert-butyl acetate. No data were found on concentrations of tert-butyl acetate in 
food from any source. A comparison of the LOAEL of 180 mg/kg bw per day with 
the generic human dietary exposure value for previous cargoes of 0.3 mg/kg bw 
per day for tert-butyl acetate as a previous cargo yields a MOE of 600, which is 
considered sufficient to address the uncertainties in the database.  

There are no data on allergenicity upon oral exposure to tert-butyl acetate that 
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indicate that it is or it contains a known food allergen. 

tert-Butyl acetate hydrolyses to acetic acid and tert-butanol, which in the presence 
of acid may participate in transesterification with lipids producing a mixture of fatty 
acid tert-butyl esters and glycerol. However, the reactions are slow, requiring an 
excess of alcohol and temperatures above 100 °C. 

Therefore, tert-butyl acetate meets the criteria for acceptability as a previous cargo 
for edible fats and oils. 

n-Pentane 

 

No reliable information regarding the short-term and long-term toxicity of n-pentane 
was identified; however, the Committee identified a NOAEL of 1000 mg/kg bw per 
day for n-pentane based on developmental toxicity testing in rats. The Committee 
also identified a NOAEL of 300 mg/kg bw per day for an isomer (isopentane) 
following short-term oral exposure in a one-generation toxicity test in rats (12 and 
10 weeks of exposure in males and females, respectively). A comparison of the 
NOAEL of 300 mg/kg bw per day for isopentane with the generic human dietary 
exposure value for previous cargoes of 0.3 mg/kg bw per day yields a MOE of 1000, 
which is sufficient to address the uncertainties in the database. 

There are no data on allergenicity upon oral exposure to n-pentane that indicate 
that it is, or it contains a known food allergen. 

n-Pentane as a previous cargo is not expected to react with edible fats and oils to 
form any reaction products.  

Exposure to impurities in n-pentane is not anticipated to contribute significantly to 
background exposures. Therefore, n-pentane meets the criteria for acceptability as 
a previous cargo for edible fats and oils. 

Cyclohexane 

 

No information regarding the short-term and long-term toxicity of cyclohexane was 
identified; however, cyclohexane exhibits relatively low systemic toxicity following 
short-term exposure via inhalation. The Committee identified a NOAEL of 
62.5 mg/kg bw per day from two short-term oral toxicity studies with the structural 
analogue methylcyclohexane. Cyclohexane may be used as an extraction solvent 
for flavouring agents or as a diluent in colour additive mixtures. However, no 
estimates of cyclohexane concentrations in foods or of exposure from these 
sources were identified. A comparison of the NOAEL of 62.5 mg/kg bw per day with 
the estimated generic human dietary exposure value for previous cargoes of 
0.3 mg/kg bw per day yields a MOE of 208. The Committee noted that this MOE is 
based on a potentially more toxic compound and a sensitive critical effect (hyaline 
droplets in the renal tubules of male rats). In consideration of the conservative 
nature of both the exposure and hazard metrics used, the Committee concluded 
that this MOE is sufficient to address the uncertainties in the database. 

There are no data on allergenicity upon oral exposure to cyclohexane that indicate 
that it is or it contains a known food allergen. 

Cyclohexane as a previous cargo is not expected to react with edible fats and oils. 

Although exposure to cyclohexane as a result of transporting cyclohexane as a 
previous cargo does not appear to be a health concern, there is uncertainty 
concerning the purity or “grade” of cyclohexane that will be transported as a 
previous cargo. Since cyclohexane may contain carcinogenic impurities in amounts 
that could significantly increase dietary exposure, the Committee could not reach a 
conclusion on the safety of transporting cyclohexane as a previous cargo for edible 
fats and oils until the nature and the quantities of these impurities in cyclohexane 
has been clarified. 
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Revision of specifications 

Steviol glycosides The Committee replaced the existing assay for steviol glycosides in the (Framework 
for) steviol glycosides (Appendix B) with the HPLC-UV-MS technique utilizing 
external reference standards. The Committee additionally replaced the assay 
method in Annex 4 (enzyme modified glycosylated steviol glycosides) with the 
submitted HPLC-UV technique and removed the tentative status of Annex 4. An 
updated table of chemical information for steviol glycosides from Stevia rebaudiana 
Bertoni replaced Appendix A; and Annexes 1, 2 and 3 were revised to include the 
harmonized solubility parameters and a reference to Appendix B (the assay for 
steviol glycosides). The Committee noted that the revised (Framework for) steviol 
glycosides specifications monograph, including the appendices and four annexes, 
replaces the tentative specifications prepared at its eighty-seventh meeting. All 
specifications for steviol glycoside products evaluated by JECFA are now 
incorporated in the (Framework for) steviol glycosides prepared at the present 
meeting. 
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Annex 2 

Future work and recommendations 

Ergot alkaloids 

The Committee recommended the following: 

• additional data on the EAs to allow for the derivation of toxic equivalency factors (TEFs); 

• additional data on the occurrence of EAs (at least for the 12 considered at this meeting) in 
wheat and wheat-based products and in rye and rye products from WHO regions and 
clusters where no data were submitted for this evaluation; 

• the establishment of sampling plans for EAs. 

Previous cargoes 

1. The Committee reiterated the recommendations made at the ninetieth meeting that the 

Codex Committee on Fats and Oils (CCFO) consider revising Criterion no. 2 in RCP-36-

1987 as adopted by CAC 34 (2011). 

• Based on the consumption of fats and oils by infants and young children, there is no 

health concern for the general population from dietary exposure to previous cargo 

chemical substances if the ADI or TDI is sufficiently protective, for example, the ADI or 

TDI is greater than, or equal to 0.3 mg/kg bw per day. Substances for which there is no 

numerical ADI or TDI should be evaluated on a case-by-case basis (e.g. margin of 

exposure (MOE) approach). 

• Where there are additional sources of dietary exposure to the previous cargo chemical 

substances, they should be considered in the exposure assessment. 

2. The Committee recommended that sufficient chemical information that allows the evaluation 

of acetic anhydride and cyclohexane transported as previous cargoes be made available 

prior to the next evaluation. At a minimum this information should address the following:  

• product grade(s) and composition, including characterization and levels of impurities 

arising from all methods of manufacture. 
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Annex 3 

 Procedural matters 

The ninety-first meeting of JECFA was held from 1 to 12 February 2021. Owing to the travel 
restrictions and lockdowns due to the COVID-19 pandemic in many countries, it was not possible to 
convene a physical meeting and it was instead decided to hold it online by video-conferencing. In 
view of the time differences in the countries of origin of the invited experts, the only possible time 
for a video-conference was restricted to a 4-hour time slot (12:00–16:00 CET) each day. This 
allowed only 40% of the usual daily length (8–10 hours) of a typical JECFA meeting. Although the 
experts participated fully, they noted that online meetings do not permit the necessary in-depth, 
robust scientific discussions that are characteristic of JECFA meetings and are therefore not a 
suitable substitute for face-to-face JECFA meetings. In particular, the experts felt that the online 
format did not foster the atmosphere of trust, inclusiveness and openness that has marked physical 
JECFA meetings. The experts considered that the success of the ninety-first meeting was mainly 
due to the cohesion between them, which stemmed from the trust built on the relationships they 
had formed during previous face-to-face meetings. The experts also decried the significant difficulty 
of holding any informal meetings outside the scheduled meeting times because of the widely 
differing time zones. They noted that such informal interactions during the physical meetings were 
instrumental in solving problems and discussing issues in depth, bilaterally or in small groups, and 
added that such informal settings often gave rise to equitable solutions to stubborn problems.  

The experts emphasized further that an invitation to a physical JECFA meeting at the FAO or WHO 
headquarters gives rise to a more significant recognition by the expert’s employer of the weight, 
reach, responsibility and workload required for full participation in a JECFA meeting. The same 
degree of acknowledgement was not granted by employers for this online meeting, as the experts 
remained available locally. This lack of recognition of the workload and significance of participation 
in a JECFA meeting led to an increase in other demands on the experts, resulting in greater 
distractions and more frequent scheduling conflicts. The experts concluded that, cumulatively, such 
factors would be counterproductive for participation in future JECFA meetings if FAO and WHO 
maintained the online-only format.  

In recognition of the difficulties and the tremendous efforts made, the Joint FAO/WHO Secretariat 
expressed its deep gratitude to all the experts for their commitment and flexibility, not least as the 
scheduled meeting times were exceedingly inconvenient for many.  

 

The meeting report was adopted on 25 February 2021. 


