
This article was downloaded by:[Lopez-Garcia, R.]
On: 20 February 2008
Access Details: [subscription number 790727034]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Food Additives & Contaminants
Part A - Chemistry, Analysis, Control, Exposure
& Risk Assessment
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713599661

Design and implementation of an integrated
management system for ochratoxin A in the coffee
production chain
R. Lopez-Garcia a; C. Augusto Mallmann b; M. Pineiro c
a Logre International Food Science Consulting, Mexico, D.F., Mexico
b Laboratorio de Análisis Micotoxicológicas, Universidade Federal de Santa Maria,
Santa Maria, Brazil
c Food and Agricultural Organization (FAO), Rome, Italy

Online Publication Date: 01 February 2008
To cite this Article: Lopez-Garcia, R., Mallmann, C. Augusto and Pineiro, M. (2008) 'Design and implementation of an
integrated management system for ochratoxin A in the coffee production chain', Food Additives & Contaminants, 25:2,
231 - 240
To link to this article: DOI: 10.1080/02652030801946546
URL: http://dx.doi.org/10.1080/02652030801946546

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713599661
http://dx.doi.org/10.1080/02652030801946546
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [L
op

ez
-G

ar
ci

a,
 R

.] 
A

t: 
01

:4
1 

20
 F

eb
ru

ar
y 

20
08

 

Food Additives and Contaminants, February 2008; 25(2): 231–240

Design and implementation of an integrated management system for
ochratoxin A in the coffee production chain

R. LOPEZ-GARCIA1, C. AUGUSTO MALLMANN2, & M. PINEIRO3

1Logre International Food Science Consulting, Mexico, D.F., Mexico, 2Laboratorio de Análisis

Micotoxicológicas, Universidade Federal de Santa Maria, Santa Maria, Brazil, and 3Food and Agricultural

Organization (FAO), AGN, Rome, Italy

(Received 24 May 2007; accepted 28 January 2008)

Abstract
Coffee is an important export product of Ecuador. Producers are challenged by the implementation of regulatory limits for
ochratoxin A. Ecuador has four coffee production areas and the potential for mycotoxin contamination varies due to
different environmental conditions and cultural differences in harvesting, storage, processing and commercialization. The
major contributors to contamination are the lack of selection during harvesting, delays in drying or rewetting, the lack of
proper drying and storage conditions, the mixing of products with different levels of moisture, and the potential for cross-
contamination. The long commercialization chain involves different intermediaries that use foreign materials to increase the
weight of the product without consideration of quality. An integrated mycotoxin management system using the Hazard
Analysis Critical Control Point Systems (HACCP) principles was developed to prevent mycotoxin contamination at each
stage of production. Critical control points were developed based on the resources available at the different stages of the
production chain. Training programmes helped increase awareness about the impact of contamination, but failed to
transform knowledge into improved practices. Thus, different demonstrative models specific for each productive region at
all production levels were developed to show the application of prevention mechanisms using limited resources and to
demonstrate the increased commercial value of coffee produced using good practices throughout the chain so producers
have a better disposition to adopt improved practices. Preliminary results show that coffee managed using the models had a
better quality, a lower contamination, a higher yield and better commercial value. The use of local resources and low-cost
technology was important in demonstrating the practical approach.

Keywords: Ochratoxin A, coffee, hazard analysis critical control point systems (HACCP), integrated mycotoxin

management

Introduction

Mould infestation of susceptible agricultural pro-
ducts such as cereal grains, nuts and fruits is
common in food supplies worldwide. Mould
growth can result in reduced crop yields, losses
during storage and mycotoxin contamination. Some
mycotoxins such as ochratoxin A (OTA) have been
recognized as contaminants of concern from a food
safety perspective. OTA is produced by mould from
the Penicillium and Aspergillus genera particularly by
P. verrucosum, A. ochraceus and A. carbonarius. Of
these species, A. ochraceus grows at moderate
temperatures and at water activity above 0.8 and

may infect coffee beans producing OTA during
drying (Food and Agricultural Organization (FAO)
2006). Contamination may also occur during storage
and transportation if coffee is exposed to humid
conditions. OTA is a known nephrotoxin, carcino-
gen and genotoxic agent (Joint Expert Committee on
Food Additives (JECFA) 2001). Although coffee is
processed at high temperatures during roasting,
mycotoxins such as OTA, and to a lesser extent
aflatoxin, are known to survive roasting and remain
as a potential hazard. Several studies have reported
OTA data for raw and roasted coffee since 1980, and
occurrence continues to be reported from
different regions of the world (Levi 1980,
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Tsubouchi et al. 1987; Studer-Rhor et al. 1995;
Nakajima et al. 1997). Worldwide contamination
trends may be hard to establish since many analyses
come from European customs offices, therefore
restricting some contamination information to
coffee exported to the European Union.

Coffee is one of Ecuador’s major agricultural
export products and together with bananas, cocoa
beans and flowers represents the majority of the
income from agricultural exports. It is estimated that
in 2005 Ecuador had at least 200,000 hectares
destined for coffee production. This activity repre-
sents the major source of income for approximately
130, 000 families that have regrettably suffered with
the different commercial crises that have affected
international coffee trade. These estimates do not
consider the number of jobs generated by the
industrialization and commercialization of coffee
beans. According to the Ecuadorian Institute of
Statistics, approximately 8% of the population
depends directly or indirectly on coffee production
(Instituto Nacional de Estadı́stica y Censos (INEC)
2005).

Ecuador is one of the 14 coffee producer countries
that, due to its geographical location and conditions,
produces both arabica (Coffea arabica) and robusta
(Coffea canephora) coffee. Coffee is produced
throughout the country in 20 of the 22 provinces
and can be generally located in four different distinct
regions (INEC 2005): Coast, Andes, Amazon, and
Islands, with the majority of production concen-
trated in the Coast region where Arabica is produced
predominantly. Each production region has different
challenges due to the environmental conditions, type
of production, processing and commercial routes.

Coffee production in Ecuador is a family activity
done in small farms where primary production is not
technified and demands a lot of labour. Lack of
productivity and low yields are common problems
for most producers. Since the international coffee
price crisis that started in 1998 and worsened during
1999, coffee producers have faced serious problems
and have struggled to maintain production. In many
cases, the commercial price did not cover production
costs leading to the loss of income and eventual crop
replacement. Although efforts have been made
internationally to stabilize prices, producers are still
plagued with challenges that are now increased by
the new OTA limits established by several countries.
Table I presents some of the major strengths,
weaknesses and risk factors for OTA contamination
in Ecuador.

Ecuador exports mainly soluble coffee from
domestic or imported coffee beans. Since the major
market for Ecuadorian coffee are countries in the
European Union with implemented regulations
(Table II), the National Coffee Exporter’s

Association (ANECAFE) tried to address mycotoxin
contamination by participating in the global project
‘Enhancement of Coffee Quality through the
Prevention of Mould Formation’ (GCP/INT/743/
CFC) financed by the Common Fund for Basic
Products of the United Nations Food and
Agriculture Organization (FAO) (ANECAFE,
Statistics for coffee exports from Ecuador, personal
communication, 2006).

In 1999, a processed coffee shipment from
Ecuador was denied entrance to France due to
contamination with OTA at levels of 21.1 and
13.8 mg kg�1. Subsequent analysis done in 2002
showed there was OTA contamination ranging
from 0.6 to 104.1 mg kg�1, with an average contam-
ination of 14.95mg kg�1. Curiously, coffee beans
reported as being very damaged by the coffee berry
borer (Hypothenemus hampei) and visibly mouldy
were not highly contaminated (FAO 2004).

During 2003, fourteen field technicians partici-
pated in an international training workshop on good
agricultural practices (GAP) and Hazard Analysis
Critical Control Point Systems (HACCP) for
mycotoxin prevention and control sponsored by the
FAO. However, due to the detection of mycotoxin
contamination, in particular OTA, and the impor-
tance of coffee production in the country, Ecuador
requested additional technical support from the
FAO. This technical cooperation project (FAO
2004) was developed in coordination with the
Ecuador Ministry of Agriculture (MAG),
ANECAFE and the FAO. The main objective was
to develop national awareness in relation to con-
tamination issues due to mould contamination and
mycotoxin formation and the impact on food safety.
Specific objectives included training on prevention
and control strategies at different levels of the coffee
production chain, strengthening of the national
analytical capabilities, development of communica-
tion tools, and development of a concerted National
Action Plan to ensure long-term improvement of the
safety and quality of coffee from Ecuador.

Integrated mycotoxin management systems

In order to establish clear strategies for this project it
was important to know the conditions by which
coffee is produced, processed, stored and trans-
ported in the country. In general, it was determined
that there were four distinct coffee production areas
with very different systems due to the type of coffee
produced and the environmental and market
conditions:

. The Coast is the area with the highest
production of arabica coffee. Harvesting is
conducted during the dry season so

232 R. Lopez-Garcia et al.
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environmental conditions do not usually play a
major role in the drying process and contam-
ination issues may be prevented with
improved practices.

. The Amazon produces mostly robusta coffee
and faces high relative humidity and rainy
conditions during harvesting, thus drying
operations are extremely difficult. In addition,
transportation is challenging since coffee for
exportation to the European Union is trans-
ported by land and will take several hours on
roads with different conditions going through
diverse environmental extremes.

. Coffee in the Andes is produced by small
producers, many of which are now organized
in cooperatives. Although the use of washing is
still not widespread, producers in this region
are slowly transforming to this method of
processing. In general, there are dry condi-
tions during harvesting which facilitate drying
operations. However, many producers that
wash coffee do not dry it immediately and
usually transport it as wet parchment. Many
producers in the Andes region have turned to
the specialty coffee market and are participat-
ing in organic and fair trade certification
programmes. Since they are more organized
and have been able to penetrate some specialty
markets successfully, producer awareness is
better. Contamination may be prevented with
improved practices during wet processing
and storage.

. The Galapagos Islands produce mainly speci-
alty organic coffee. There is one major
producer that has access to top-of-the-line
organic technology and only uses wet proces-
sing. However, dry parchment coffee is then
transported by sea to the mainland for further
processing such as sorting, grading, polishing,
blending, roasting and grinding. This trans-
portation operation may again increase the risk
of contamination. In addition, processing
facilities also polish and blend coffee from
the mainland, so cross-contamination is also a
possibility. Increased awareness and improved
storage, transportation and processing prac-
tices may help prevent and control contam-
ination of coffee from the islands.

Throughout the country, with the exception of
producers with special certifications, coffee may be
sold to a number of different intermediaries who will
in turn blend it with coffee from other producers.
Sometimes water, dirt or rocks are added to increase
weight and get more money during commercializa-
tion. Coffee with different levels of moisture is
usually blended and stored without any further
precaution and in some cases storage conditions
are less than ideal. In many cases, coffee is stored
piled directly on the ground and mixed with other
commodities with different levels of moisture such as
cocoa beans, corn, peanuts and peppercorns.

Although each region presents a unique challenge,
a general HACCP model was developed to represent
the major steps in coffee production. Obviously, the

Table II. Regulatory requirements and coffee exports from Ecuador by volume and value (US$), 2005.

Regulatory requirements Exports from Ecuador

Green coffee
beans (ppb)*

Roasted
and ground

coffee (ppb)*

Soluble
coffee
(ppb)*

Volume of soluble coffee
exported from Ecuador

(number of 60-kg bags, 2005)

Value of soluble coffee
exported from Ecuador
(US$ thousands, 2005)

European Union (general) n.d. 5 10 458, 638.08 45, 039.13

Countries with individual regulations

Germany** n.d. 5 10 125, 744.67 10, 331.01
Czech Republic** 10 5 10 11, 700.00 1123.50
Netherlands** 5 10 5427.50 424.30
Spain** 8 5 10 915.64 68.92
Finland** 5 5 10 587.17 60.98
Italy** 8 5 10 390.00 53.60
Greece** 20 5 10 – –
Hungary** 15 5 10 – –
Portugal** 8 5 10 – –
Switzerland 5 5 5 – –

Sources: FAO, ANECAFE.
Notes: *Limits were updated to November 2004. The status for the limits differs by country. Some are included in the regulations and
others are norms, customs instructions or inspection guidelines.
**Limits of roasted and ground coffee and soluble coffee for European Union members have been expressed as the European Union
general limit.

234 R. Lopez-Garcia et al.



D
ow

nl
oa

de
d 

B
y:

 [L
op

ez
-G

ar
ci

a,
 R

.] 
A

t: 
01

:4
1 

20
 F

eb
ru

ar
y 

20
08

 

flow diagram may be quite fragmented because
different players will be involved. In addition, the
storage, reception, and transportation phases may
occur more than once due to the very long
commercial chain involving many intermediaries.
Figure 1 shows a general flow diagram with
proposed critical control points, and Table III
shows a summary of the critical control points
(CCP). It is important to point out that critical
limits were established according to the international
guidelines emanating from the FAO Global Project
(FAO 2006). This is obviously, a modified version of
a HACCP plan since some steps had to be adapted
to obtain an integrated management approach. In
other words, CCPs may not follow the formal

definition because none minimize the risk associated
with OTA in a single step; however, correct
application of these controls in conjunction with
the use of good practices throughout the production
chain should prevent and control mould contamina-
tion at each stage of production. In addition, some of
the monitoring operations are qualitative since they
are adapted to the resources available at each stage
of production.

Training

The ‘Train the Trainer’ approach was used to teach
GAP and HACCP for mycotoxin management.

PRE-HARVEST

HARVEST

DRYING 
ON THE 
FARM

WASHING

STORAGE 1

TRANSPORTATION

RECEPTION

DRYING

STORAGE 2→n

TRANSPORTATION

RECEPTION

INDUSTRIAL 
PROCESSING

GENERAL STORAGE

CLEANING

EEXXPPOORRTT  
MMAARRKKEETT  

GENERAL STORAGE

DOMESTIC SALES

SAMPLING AND
ANALYSIS

(MORPHOLOGY
AND MOISTURE)

SAMPLING AND
ANALYSIS

(MORPHOLOGY,
MOISTURE AND

OTA) 

SORTINGSORTING

SORTING

DRYING
CCCCPP11

CCCCPP22 nn

CCCCPPnn++11

→

BLENDING

Figure 1. General flow chart for coffee production in Ecuador showing potential critical control points (CCPs).
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A total of 57 field technicians were trained as trainers
in two different workshops. These trainers in turn
taught 442 regional workshops that reached 4213
people in all coffee production areas. In addition,
three good manufacturing practices (GMP) and
HACCP workshops were taught to industry person-
nel with a total participation of 94 people. These
workshops left a good base of personnel trained on
the basic methods for prevention and control.
However, the question remained on how to trans-
form this knowledge into a practical approach since
most producers did not understand the contamina-
tion issues and did not feel this was a problem to
which they were directly related. In addition,
producers felt that additional controls were a
burden for their already aggravated commercial
systems. A common question during the workshops
was as follows. ‘If I do this, how much will the
international price increase and how much more
money will I make?’ Obviously, these were not
answers that could be obtained through the frame-
work of the project. So, although training had a good
outcome, its impact was questionable except for the
increased awareness that was accomplished. A
different approach was needed to encourage produ-
cers to adopt controls.

Development of demonstrative models

Since producers perceived controls as an economic
burden to their system without increased price, it
was decided to create demonstrative models.
Different models were designed according to the
environmental conditions for each region. The
objective was to demonstrate that regardless of the
international price for coffee, the use of good
practices throughout the chain would help them
increase the yield, quality and marketability of their
products increasing value rather than price. These
model systems were created using a volunteer
producer, merchant or organization that was per-
ceived as a community leader, had awareness of the
impact of contamination on the country in general
and their commercial infrastructure in particular and
was willing to lend his warehouse, drying patio or
processing facility.

Selective harvesting was encouraged by selecting
volunteer producers that would harvest only mature
berries and discard over-mature or dropped berries.
Green berries were saved until maturation. This
expanded the commercial cycle and some
producers were able to save berries and sell them
at the peak of pricing instead of the low prices
experienced at the peak of the harvesting season.
The intent was to have these producers share
their experiences through personal communication.

Unfortunately, it will take several harvesting cycles
to obtain reliable information, but at this point this
demonstrative mechanism has been seeded for
future reference.

A model warehouse was created in the Coast
region. A warehouse building was already available;
however, common storage practices included mixing
of products with different moisture levels or different
commodities. Products of extremely different quali-
ties were also mixed in the warehouse. Therefore, if
the producer had originally harvested high-quality
beans that could have achieved a higher price in the
market, by the time it arrived at the warehouse, it
had lost its additional value due to blending with
products of questionable quality. Thus, the resulting
product had low quality and low value and had
already lost a potential higher market price. Also,
walls on the warehouse had evident mould growth
and products were blended with leftovers from the
previous harvest. Blended beans stored directly on
the floor had such mould contamination that they
were white and had high temperatures. Obviously, in
addition to losing quality and increasing potential for
contamination, the evident contamination is directly
related to product yield and, therefore, decreased
material to commercialize further.

The walls of the model warehouse were white
washed as a means for inexpensive disinfection.
Small cubic (1�1�1 m) containers were made of
cane, a construction material that is widely available
in the region and which is successfully used for
building traditional houses and storage units. This
material, if handled correctly, is extremely resistant
to mould and other pests. Also, it is widely available
so the cost of the material is not an issue and, in
many cases, producers or merchants can harvest it
from their own land. Since cane is cut into thin
strips, finished containers had open strips that
allowed for product ventilation. Additionally, the
wooden frame was oversized to allow for stacking
and to prevent storage immediately next to the wall.
Therefore, wall spacing and spacing between con-
tainers to allow for air flow between the containers
was guaranteed. These small containers were useful
for product sorting, maintaining coffee of different
qualities and other commodities segregated. Since,
originally, the warehouse capacity depended only on
the ability to pile grains on the floor, the use of
containers immediately increased the warehouse
capability and, thus, the merchant’s ability to
commercialize more products. This improved his
perception of the value of good practices and
generated a model storage unit that can be easily
multiplied by other producers in the area.

In the Amazon region, another model warehouse
was created. In addition, several artisanal drying
mechanisms for small volumes were explored.

Integrated mycotoxin management system for coffee 237



D
ow

nl
oa

de
d 

B
y:

 [L
op

ez
-G

ar
ci

a,
 R

.] 
A

t: 
01

:4
1 

20
 F

eb
ru

ar
y 

20
08

 

Since there is high relative humidity and constant
rainfall in this area, it was essential to provide
producers with accessible drying technology.
Although some merchants own mechanical dryers,
one of the major issues is that these dryers have a
medium to large capacity (10–20 tonnes). Producers
are small and a single producer is not able to harvest
such large volumes at any given day. Thus, recently
harvested coffee berries are stored wet for several
days until enough volume is obtained to run the
dryer. This process may take several days, therefore
there is increased risk of contamination. The use of
drying patios is not feasible due to rainfall.
Traditionally, producers had tried to use tents to
protect their products during drying. However, there
are some design issues associated with these tents
because moisture accumulates inside and during
night condensate falls again onto the product. A
demonstrative model for this method of drying
included a tent built with a double roof that was
designed to let moisture escape during the day,
protect the product from rainfall and avoid night-
time condensation. Also, structures were built to
raise the product off the ground and allow for air
circulation. In addition, an artisanal dryer made of
wood and operated with domestic gas was con-
structed for demonstration. This dryer can be
operated with a low volume of coffee as opposed to
the commercial dryers that were originally available.

This region also faces a very disorganized com-
mercial chain. There are several formal established
merchants. However, at the peak of the harvesting
season, opportunistic merchants emerge and buy
coffee regardless of the quality. This has a direct
impact on the efforts to control contamination
because producers are able to sell the worst coffee
through this route. This coffee is then blended with
good coffee, thus getting a final product with lower
quality. To address this issue, the organization of a
formal merchant association was facilitated during
the project. The idea was to empower formal
merchants to ensure that they would all buy coffee
under the same criteria and segregate coffee of
questionable quality. Through this organization,
merchants can negotiate directly with exporters and
avoid the chain of intermediaries that tend to blend
coffee and add water and other materials to increase
weight. Thus, organized merchants have a better
chance of obtaining better value and avoiding
contamination.

In the Andes region the use of small
drying patios to dry wet parchment coffee before
transportation was promoted. In addition, the ware-
house of one of the major cooperatives was
improved as a demonstrative model for good storage
practices.

In order to obtain long-term success, producers
will have to imitate these models and multiply the
efforts. However, one of the major challenges will be
their ability to obtain the financial resources needed
to improve their production, storage and processing
infrastructure. During the project, negotiations were
initiated with the Ministry of Agriculture to obtain
long-term soft credits of US$300–1000/producer or
merchant for individuals who had participated in the
training programmes. These funds will be used to
establish adequate drying patios or, in the case of
the Amazon area, drying tents or artisanal dryers
as well as improving storage conditions. In the
Andes region funds will be used to buy small
depulpers and establish adequate drying patios to
produce washed arabica coffee through wet proces-
sing. It will take several harvest cycles to determine if
producers requested the funds and the result of their
investments with the subsequent impact on myco-
toxin contamination.

Strengthening of analytical capabilities

At the beginning of the project only a few of the
major processing industries had analytical equip-
ment to determine mycotoxin contamination. The
official mycotoxin analytical capabilities were extre-
mely limited. Thus, it was important to establish at
least one laboratory that would be able to perform
analytical services. The laboratory at the Instituto
Nacional Autónomo de Investigaciones
Agropecuarias, Estación Experimental Santa
Catalina (INIAP) was selected due to the analytical
capability already in place and its status as an official
institution. The high-performance liquid chromato-
graphy (HPLC) system already available in the
laboratory was equipped with a fluorescence detec-
tor. Other analytical resources needed in the
laboratory were also financed by the project.
Twelve laboratory technicians were trained in
sampling and analysis methodology for OTA and
the method for OTA analysis for green coffee beans
was validated. Laboratory personnel were trained in
validation methodology for other methods. In addi-
tion, the training included the use of thin-layer
chromatography and rapid methods for OTA analy-
sis. This laboratory is also preparing for ISO
17025.2005 certification. One of the major issues
for this laboratory will be long-term sustainability of
analytical services. Therefore, the use of the systems
and methodology for other commodity analysis, i.e.
cocoa beans, was promoted to increase the number
of potential samples to be analysed. This laboratory
will need to analyse at least 50 samples per month for
sustainability. In addition, the major exporters made
a commitment to send samples on a monthly basis
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and promote the use of the services among the
producers that work with them. Since in recent years
the coffee industry has had to import green coffee
beans to produce soluble coffee, this laboratory can
also be used for screening contamination in
imported coffee.

Communication materials

Long-term outreach and training were also consid-
ered essential for the success of the project.
Therefore, brochures with basic information on
OTA, GAPs and HACCP, sampling and analysis,
and drying technologies were developed, printed and
distributed throughout the regions where work was
conducted. Posters with general information on
mycotoxins and OTA were also printed and dis-
tributed. Also, two different radio spots were
produced in Spanish and Quechua and were con-
stantly aired in the coffee producing areas. A video
explaining basic GAPs and the use of integrated
management systems was also produced to ensure
continuous training. These materials were an essen-
tial tool to raise awareness and multiply the original
training efforts.

In addition, in order to increase awareness of
issues related to mycotoxin contamination in the
food and feed production chains, several technical
presentations were made throughout the two years.
These presentations involved stakeholders from
industry, government and academia. Also, news-
paper articles with general information on mycotox-
ins and the importance of prevention and control
were published on several occasions.

Development of a National Action Plan

In order to ensure long-term sustainability of the
project and continuation of the effort once it
concluded, a concerted National Action Plan was
developed. This Plan was developed with the input
from the different stakeholders of the coffee produc-
tion chain and established short-, medium-, and
long-term strategies and recommendations to
achieve the desired outcomes. Short-term strategies
were addressed during the development of the
FAO project. In addition, an Official National
Commission integrated by all stakeholders in the
coffee production chain and coordinated by the
Consejo Cafetalero Nacional (National Coffee
Council; COFENAC), an official government
institution with national representation, was
established to provide follow up and support to
the Plan.

Conclusions

A continuous effort is needed in order to observe
long-term results and improved safety and quality of
coffee from Ecuador. However, initial project out-
comes show that continuous application and follow-
up of the recommendations will help prevent and
control not only OTA contamination, but also other
contamination issues that might have a direct impact
on the safety and quality of coffee and other
agricultural products in Ecuador. Table 4 shows
results from random sampling and analysis of coffee
during the 2006 harvest season in the areas where
the project had its major activities.

Although these results are not representative of the
whole country and are not statistically conclusive,
they can be considered indicators of improved
management. However, it will take several harvest
cycles to determine not only sustainability of the
improved practices, but also replication by other
producers and long-term impact throughout the
country.

The use of an integrated approach combining
good practices and the HACCP methodology
throughout the coffee production chain are essential
to achieve improved safety and quality. However,
more research is needed on a global basis to refine
the limits established as critical control points and
validate the controls.

The newly equipped laboratory will help analyse
products for both domestic and export markets and
provide a continuous diagnostic tool to determine
mycotoxin contamination issues within the country.
Finding mechanisms for the financial support of the
laboratory will be essential to continue analytical
services and allow for the establishment and valida-
tion of other methods. Ecuador does have current
technical standards for coffee and enforcement will

Table IV. Results of random sampling and analysis of samples
from different regions of Ecuador at the end of the project (not
representative of the whole country).

Sample Moisture (%) OTA (mg kg�1) (HPLC)

1 12.10 n.d.
2 12.7 0.16
3 10.7 0.12
4 11.5 0.10
5 13 0.14
6 12.20 0.15
7 12.00 0.05
8 13.00 0.08
9 13.20 0.12

10 11.00 n.d.
11 11.50 n.d.
12 12.50 0.10
13 12.40 0.17

Average 0.18
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also be important in the effort to improve quality,
safety and competitiveness of the whole sector. It will
take a joint effort from all players in the coffee
production chain to obtain long-term success that
will not only increase exports, but also improve the
quality of life of the different stakeholders.
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