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Application of Risk Management Metrics for ochratoxin- 
A control in the coffee chain
Fernando Rubio-Lopez1,2,4, Marta Taniwaki3,  
Jonathan Morris4 and Esther Garcia-Cela1,4

Coffee is one of the most consumed beverages worldwide. Like 
other agricultural products, coffee is susceptible of colonization by 
mycotoxin-producing fungi and therefore, the presence of 
mycotoxins. These chemical hazards can pose a risk for 
consumers, as some of them are potentially carcinogenic, 
neurotoxic, or immunosuppressive. Several countries worldwide 
have established maximum legal limits on the final product 
regarding ochratoxin A (OTA), but this leads to inefficiencies in the 
coffee value chain, as there is uncertainty if a batch may be under 
the legal limits at the time of reaching the consumers. The 
application of Risk Management Metrics can be a useful tool for 
managers to forecast if a particular batch of coffee could be 
suitable for a determined target market. In this study, a cross-case 
analysis of the coffee production chain was performed, and 
quantitative thresholds were established along the different steps. 
This information can provide managers with up-to-date 
information regarding the potential use of each batch, minimizing 
food waste, assuring food safety, and improving chain efficiency.
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Introduction
Mycotoxins are natural secondary metabolites produced by 
filamentous fungi that can be presented in raw materials, 
food, and feeds. These natural toxins can cause auto
immune illnesses, have allergenic properties, and some of 
them are teratogenic, carcinogenic, or mutagenic [1]. 
Consequently, regulatory efforts internationally have fo
cused on the use of risk assessment tools to drive food 
safety policy and standards away from prescriptive to out
comes based on concepts such as the Food Safety Objec
tive (FSO) [2,3]. An FSO specifies the maximum level of a 
hazard that can be tolerated in the final food product at the 
time of consumption. This concept has become a key 
parameter for the assessment of the risk associated with a 
particular hazard and for the development and im
plementation of effective and appropriate mitigations [4]. 
FSO concept has generally been applied to issues re
garding safety from pathogenic and toxigenic bacteria 
in which presence can vary along the food process. As 
opposed to microbiological hazards, chemical hazards 
usually only enter foods in the raw food or ingredients, or 
through certain processing steps, and the level of hazard 
present in a food after the point of introduction often does 
not significantly change. In the particular case of myco
toxins, as chemical hazards from microbiological origin, 
they may increase in concentration through the processing 
steps if conditions are conducive for fungal growth.

The FSO concept recognizes that the ultimate objective 
of a food safety system is to prevent illnesses by focusing 
food-manufacturing attention and activities on pre
venting or minimizing exposure of the consumer to pa
thogens. This concept specifies a goal that can be 
incorporated into the design of control measurements in 
the food chain corresponding to the maximum permis
sible level of a hazard in a food at the moment of con
sumption [5]. The agro-food industry would use FSOs as 
means to coordinate risk management in the production 
process throughout the farm-to-fork production chain [6]
(Figure 1). Specific targets that need to be met in the 
different stage (Performance Objective, PO) can be 
proposed by each government as guidance to help meet 
the FSO, but also can be decided by operation food 
safety managers as an integral part of the design of the 
production of a food in a supply chain [7]. Predictive 
models assessing the impact/effect of each stage in the 
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mycotoxin contamination (prevention/reduction/in
crease) can be developed and therefore the achievement 
of FSO of each batch can be estimated/predicted con
sidering the initial mycotoxin contamination level (Ho) 
by using the following equation:  

Ho–∑I+∑R≤FSO                                                                  (1)  

Ho, initial mycotoxin level. 

∑I, increase in mycotoxin levels. 

∑R, reduction in mycotoxin levels. 

The application of FSOs for mycotoxin management allows 
an accurate understanding of the fate of mycotoxin con
tamination at each processing stage. By following a Risk 
Management approach, FSOs can help to ensure food safety 
but also to reduce food waste by anticipating potential re
jections and improving chain efficiency. An example would 
be the early repurpose for a particular batch based on the 
initial mycotoxin contamination levels. FSOs have become a 
valuable decision support tool that can help managers to 
understand in advance the market potential of the batch and 
the specific technological procedures required to achieve 
customer requirements. However, the achievement of FSO 
not only requires updated regulations and industrial/tech
nological optimization, but also consumer’s best practice. 

Therefore, it is crucial to provide clear instructions regarding 
how to store and handle food products to avoid increase of 
the contamination levels and increase food safety awareness 
among the population. 

The application of risk assessment approach and novel 
graphical methods for visualizing the application of me
trics for mycotoxins is currently at the forefront of re
search [7–11]. However, there is still a lack of quantitative 
models that can be applied in the food chain, as none of 
the already-published predictive models covers the whole 
global value chain. In the current paper, the application of 
food safety approaches to the ochratoxin-A (OTA) hazard 
in coffee using quantitative data is discussed. 

Ochratoxin A in coffee — a case study 
Coffee is one of the most consumed nonalcoholic bev
erages worldwide. According to the International Coffee 
Organization (ICO) in 2022, the total world coffee con
sumption was 178.574 million bags (60 kg each), which is 
equivalent to 10.06 million metric tons [12]. The global 
coffee industry is worth over $100 billion. Coffee is grown 
in more than 80 countries situated along the Equatorial 
zone called ‘The Bean Belt,’ located between latitudes 
25° north and 30° south, but mostly consumed elsewhere 
in the world. Nevertheless, coffee is susceptible to fungal 
contamination and consequently mycotoxin accumulation 
during the growing steps but also along the food chain  
[13]. Undoubtedly, OTA is the most important chemical 

Figure 1  

Current Opinion in Food Science

Application of food safety metrics in the food industry.   

2 Food Mycology  

www.sciencedirect.com Current Opinion in Food Science 2023, 54:101100 



hazard in terms of food safety in this commodity, as ex
posure can cause teratogenesis, multiorgan toxicity, pro
motes neurodegeneration, and there is unambiguous 
evidence of its carcinogenic effects [14,15]. To protect 
consumers, maximum tolerable OTA intake has been 
proposed for international agents (Table 1). Nevertheless, 
these values are constantly reviewed based on new data 
available. For example, in 2020, the European Food 
Safety Authority (EFSA) considered that it was not ap
propriate to establish a health-based guidance value be
cause although the mechanisms of genotoxicity are 
inconclusive, OTA causes DNA damage. Therefore, the 
tolerable weekly intake (TWI) of 120 ng/kg body weight 
established by the authority in 2006 was consequently no 
longer valid [16]. 

Currently, there is no global approach; thus, each 
country establishes its own appropriate level of protec
tion (ALOP). As part of the risk assessment, toxicological 
information in the case of nongenotoxic compounds and 
consumption patterns is considered, and the specific 
maximum legal limit of contamination in a particular 

food commodity is established [15–18]. Therefore, these 
values can be used as FSO that contributes to achieve 
the specific national ALOP [8]. Legislation of myco
toxins of 64 countries and the EU was assessed [19–22]. 
However, only a few countries including the EU have 
legal limits from OTA among different food categories 
such as cereals, snacks, nonalcoholic malt beverages, 
dried fruits, date syrup, wine, licorice, species, gingers, 
several seeds, pistachios, cocoa, and coffee. Values range 
from a minimum of 0.2 µg/kg (beer, Indonesia) to 80 µg/ 
kg (licorice, EU and Morrocco). Only a small number 
have a maximum legal limit for coffee (Table 2). Inter
estingly, most of the countries have set the same legal 
limit apart from Uruguay (50 µg/kg) and the EU, which 
have recently halved the maximum OTA limits for 
coffee. So, there is a big harmonization compared with 
other food commodities. Nevertheless, these values are 
focused on the final roasted product, as, according to our 
knowledge, there are no regulations applied to green 
coffee. Therefore, the industrial process needs to assure 
that OTA reduction can be achieved and assure the final 
project compliance with each country’s law. 

Table 1 

OTA maximum intake recommended worldwide.        

Tolerable daily intake TWI Comments Reference 
ng/kg-day ng/kg-weekly  

EFSA  — Previous TWI is no 
longer valid 

EFSA (2020) [17] 

Health Canada  4   Kuiper-Goodman 
et al. (2010) 

JEFCA (The Joint Food and Agriculture 
Organization/World Health Organization 
Expert Committee on Food Additives)  

100 Revaluated and 
keep it by 
JEFCA 2008 

JEFCA (1995, 2008)   

Table 2 

Maximum legal limits of OTA in coffee (EC 2022/1370; [20,21]).          

Country OTA legislation Numbera Range 
(µg/kg) 

Green coffee 
(µg/kg) 

Roasted coffee beans and 
ground roasted coffee 
(µg/kg) 

Soluble coffee 
(µg/kg) 

Instant or decaffeinated 
coffee (µg/kg)  

Asia Philippines 3 5.0–10 NR 5 10  
Vietnam 9 0.5–10 NR 5 10  
China 3 2.0–10 NR 5 10  
Indonesia 8 0.2–20 NR 5 10  
Malaysia 3 0.5–10 NR 5   10 
Singapore 1 0.5–20 NR 5 10  
South Korea 5 0.5–20 NR 5 10  

Africa Egypt 5 3.0–20 NR 5   
Morocco 14 0.5–80 NR 5 10  

South 
America 

Cuba 1 5 NR 5 5  
Uruguay 1 50 NR 50 50  
Brazil 11 2.0–30 NR 10 10 

EU EU/UK 20 0.5–80 NR 3 5  
Turkey 10 0.5–80 NR 5 10  

NR — no specific regulation. 
a Number of food commodities/food combinations legislated for OTA contamination.  
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The presence of OTA in green and roasted coffee has 
been confirmed in several countries [23,24]. However, 
OTA concentration in roasted coffee usually is lower 
than in green coffee, showing that despite the reported 
chemical thermostability, reduction of OTA during the 
processing can be achieved. Figure 2 depicts information 
extracted from the scientific literature regarding OTA 
presence both in green and roasted coffee. Still, in some 
cases, values are over the legislation limits, such as 
ground coffee withdrawn from the market in Switzerland 
in 2021 (7.6 µg/kg) and spray-dried instant coffee from 
Vietnam in Rumania in 2022 (17.36 µg/kg) [25]. How
ever, other authors have demonstrated that the final 
concentration can also be controlled by following good 
agricultural and manufacturing practices such as 
avoiding collection of berries from the ground or those 
damaged by insects, proper drying, and good storage 
conditions. Therefore, it is critical to establish thresholds 
throughout the entire process, helping to forecast the 

final OTA concentrations. Thus, a quantitative analysis 
of each step along the value chain of coffee is required. 

Risk Management Metrics to estimate 
ochratoxin-A contamination in coffee 
The last step of the application of Risk Management 
Metrics focuses on the risk characterization, thus, the 
assessment of the appropriate level of risk at each of the 
steps along the coffee value chain. To adequately es
tablish a PO, it is critical to establish relevant perfor
mance criteria (PC, change in hazard level required at a 
specific step in order to reduce the hazard level at the 
start of the step), process criterion (PcC, effect in the 
frequency and/or concentration of a hazard in a food that 
must be achieved by the application of one or more 
control measures to provide or contribute to a PO or an 
FSO), and product criterion (PdC, effect on the product 
properties required to assure that the hazard level never 
overtakes safety levels before cooked or consumed) for 

Figure 2  
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each of them. These metrics can be derived by food 
industry from FSOs by chain-reversal, in effect articu
lating appropriate food safety standards for individual 
links in the chain. The correct definition of these metrics 
can give managers adequate measures and parameters of 
control to achieve the required reduction/control. 
Considering the equation presented at the beginning of 
this case study, ∑I and ∑R have been assigned to each of 
the steps described in the flow diagram (Figure 3) and 
fully assessed based on the literature available. 

Increase of ochratoxin A during storage and 
transport (∑I) 
As in the case of other commodities susceptible to fungal 
colonization, water availability is the most critical para
meter to consider for the assurance of food safety. Since 
harvested cherries contain enough water to support mold 
growth and OTA formation, the early reduction of the 
outer layers of the cherries is critical. Storage of freshly 
harvested cherries is not recommended, and immediate 
processing is encouraged to minimize this effect [26]. 
After harvesting, ripe coffee cherries can be processed 
using a variety of alternatives, which can be divided into 
two forms: dry processing and wet processing. During 
the wet treatment, beans are processed to remove the 

pulp, mucilage, parchment, and silver skin at once, 
which reduces water availability for fungal development 
and thus OTA production. It starts with a sorting stage 
using water tanks that also allow for the removal of un
ripe/damaged beans. One of the three subprocesses can 
follow: the fermentation of the outer layers for easier 
removal, the mechanical removal of the mucilage to 
permit immediate drying, or drying of pulped parchment 
without mucilage removal. These alternatives mostly 
depend on the location and operational size of the farms. 
In all cases, the early reduction of the outer layers of the 
cherries helps to reduce the water availability required 
for fungal growth, as harvested cherries contain enough 
water to support mold growth and OTA formation. This 
factor is key, especially during the initial 3–5 days of 
latter drying [27]. 

On the other hand, dry processing consists of spreading 
the harvested coffee beans in thin layers to dry in the sun 
or by using artificial drying, despite the latter becoming 
more expensive due to the cost of fuel or electricity 
(when available). One variation on the usual dry method 
is to allow most of the fruit to dry on the tree. The results 
indicate that this method can produce safe and good- 
quality coffee, but only in regions where the harvest 
season is reliably arid. As in the case of other dry products 
(sultanas, figs, and pistachios), the main risk following this 
method is the rewetting of beans due to inadequate 
weather conditions (in the case of sun drying), un
satisfactory drying rate, and cross-contamination caused 
by debris or residues from previous batches. Thus, this 
method requires the application of good practices and 
management, to assure reaching adequate moisture levels 
promptly and avoiding wet pockets of beans that can lead 
to further mold development and mycotoxin production. 
The varietal effect has also been studied, with authors 
reporting higher incidence of OTA in the case of robusta 
compared with arabica, but it also depends on how the 
drying process is carried out. 

Therefore, water content becomes critical for mold 
control and therefore OTA management. Previous stu
dies reported increases up to 54% of OTA content when 
storage is not performed adequately, thus, it is crucial to 
maintain operating limits of 12.5% m.c. for cherry coffee, 
and 11.5% m.c. (wb) for parchment and green coffee. In 
this sense, changes in temperature that commonly oc
curred during transport can also generate transfer to the 
beans, what is called rewetting, leading to increases up 
to 13.13 µg/kg if bags were wet due to condensation or 
7.91 µg/kg if the container was in the ship deck [28].  
Table 3 depicts the different steps along the value chain 
of coffee as well as the establishment of the application 
of Risk Management Metrics: PC’s, PcC’s, PdC’s, PO’s, 
as well as the references used. 

Figure 3  

H0= 25.32 µg/kg

Impor�ng country

Expor�ng country

Final consumer

PO= 9.37 µg/kg

PO < 9.37 µg/kg

FSO< 3 µg/kg

Harvest

Sor�ng

Wet/Dry 
processing

Transport

Roas�ng

Storage and 
distribu�on

Final 
consumer

Current Opinion in Food Science

Flow diagram of the coffee value chain, including estimated food safety 
metrics required for the coffee value chain. H0: initial concentration 
required to achieve the final FSO.   

Application of RMM for OTA control in coffee Rubio-Lopez et al. 5 

www.sciencedirect.com Current Opinion in Food Science 2023, 54:101100 



T
ab

le
 3

 

A
p

p
lic

at
io

n 
o

f f
o

o
d

 s
af

et
y 

m
et

ri
cs

 o
n 

th
e 

co
ff

ee
 v

al
ue

 c
ha

in
. D

efi
ni

ti
o

n 
o

f 
P

C
 fo

r 
ea

ch
 o

f t
he

 s
te

p
s,

 t
he

 p
ro

ce
ss

 p
ar

am
et

er
s 

re
q

ui
re

d
 (P

cC
), 

th
e 

p
ar

am
et

er
s 

re
q

ui
re

d
 t

o
 a

ss
ur

e 
th

at
 t

he
 

ha
za

rd
 le

ve
l n

ev
er

 o
ve

rt
ak

es
 s

af
et

y 
le

ve
ls

 (
P

d
C

), 
an

d
 t

he
 P

O
 b

as
ed

 o
n 

th
e 

in
it

ia
l O

T
A

 c
o

nc
en

tr
at

io
n 

(H
0)

 a
nd

 t
he

 fi
na

l F
S

O
.  

   
   

 

S
ta

ge
 

S
te

p
 

A
p

p
lic

at
io

n 
of

 R
is

k 
M

an
ag

em
en

t 
M

et
ric

s 
on

 t
he

 c
of

fe
e 

va
lu

e 
ch

ai
n 

 

P
C

 
P

cC
 

P
d

C
 

P
O

 
(µ

g/
kg

) 
R

ef
er

en
ce

  

C
of

fe
e 

ch
er

rie
s 

H
ar

ve
st

   
 

H
o 

  
<

 2
5.

32
   

S
or

tin
g 

R
ed

uc
tio

n 
up

 
to

 6
3%

 
R

em
ov

al
 o

f 
un

rip
ed

, 
d

ef
ec

tiv
e,

 o
r 

d
am

ag
ed

 c
he

rr
ie

s 
Fo

llo
w

 e
st

ab
lis

he
d

 g
oo

d
 h

yg
ie

ne
 p

ra
ct

ic
e 

an
d

 t
o 

av
oi

d
 d

el
ay

s 
b

ef
or

e 
p

ro
ce

ss
in

g.
 I

n 
th

e 
ca

se
 o

f 
d

ry
 p

ro
ce

ss
in

g,
 t

hi
s 

m
ea

ns
 

im
m

ed
ia

te
, 

ef
fic

ie
nt

, 
d

ry
in

g.
 I

n 
th

e 
ca

se
 o

f 
w

et
 p

ro
ce

ss
in

g,
 t

hi
s 

m
ea

ns
 e

xp
ed

iti
ng

 
p

ul
p

in
g 

an
d

 w
el

l-
m

an
ag

ed
 f

er
m

en
ta

tio
n 

 

<
 9

.3
7 

C
FC

/I
C

O
/0

6-
G

C
P

/I
N

T/
74

3/
C

FC
/.

 E
FS

A
 

p
an

el
 o

n 
co

nt
am

in
an

ts
 in

 th
e 

fo
od

 c
ha

in
 

(C
O

N
TA

M
), 

20
20

, 
V

A
rg

as
 [

17
]  

D
ry

in
g 

N
o 

in
cr

ea
se

 
S

iz
e 

of
 d

ry
in

g 
ya

rd
, 

d
ry

in
g 

te
ch

no
lo

gy
, 

lo
ad

in
g 

ra
te

s,
 s

tir
rin

g,
 o

r 
tu

rn
in

g 
ra

te
s 

O
b

je
ct

iv
e 

to
 r

ed
uc

e 
m

oi
st

ur
e 

le
ve

l t
o 

 
+

/−
13

%
 m

.c
. 

(w
ho

le
 b

at
ch

). 
D

ec
re

as
e 

of
 

m
.c

 b
el

ow
 4

0–
30

%
 t

o 
re

ac
h 

un
fa

vo
ra

b
le

 
co

nd
iti

on
s 

fo
r 

fu
ng

al
 in

fe
ct

io
n 

 

<
 9

.3
7 

C
FC

/I
C

O
/0

6-
G

C
P

/I
N

T/
74

3/
C

FC
  

S
to

ra
ge

 
N

o 
in

cr
ea

se
 

O
p

er
at

in
g 

lim
its

 o
f 

12
.5

%
 m

.c
. 

fo
r 

ch
er

ry
 

co
ff

ee
, 

an
d

 1
1.

5%
 m

.c
. 

(w
ho

le
 b

at
ch

) 
fo

r 
p

ar
ch

m
en

t 
an

d
 g

re
en

 c
of

fe
e 

M
ai

nt
ai

n 
m

.c
 b

el
ow

 f
av

or
ab

le
 c

on
d

iti
on

s 
fo

r 
fu

ng
al

 d
ev

el
op

m
en

t 
an

d
 t

ox
in

 
p

ro
d

uc
tio

n 
 

<
 9

.3
7 

P
ro

je
ct

 C
FC

/I
C

O
/0

6-
G

C
P

/I
N

T/
74

3/
 

C
FC

/ 
Ta

ni
w

ak
i e

t 
al

. 
(2

00
3)

 [
27

] 

G
re

en
 c

of
fe

e 
Tr

an
sp

or
t 

N
o 

in
cr

ea
se

 
O

p
er

at
in

g 
lim

its
 o

f 
11

.5
%

 m
.c

. 
M

ai
nt

ai
n 

m
.c

 b
el

ow
 f

av
or

ab
le

 c
on

d
iti

on
s 

fo
r 

fu
ng

al
 d

ev
el

op
m

en
t 

an
d

 t
ox

in
 

p
ro

d
uc

tio
n 

 

<
 9

.3
7 

Fi
na

l T
ec

hn
ic

al
 R

ep
or

t 
—

 P
ro

je
ct

 C
FC

/ 
IC

O
/0

6-
G

C
P

/I
N

T/
74

3/
C

FC
  

In
te

rn
at

io
na

l 
tr

an
sp

or
t 

N
o 

in
cr

ea
se

 
O

p
er

at
in

g 
lim

its
 o

f 
11

.5
%

 m
.c

. 
M

ai
nt

ai
n 

m
.c

 b
el

ow
 f

av
or

ab
le

 c
on

d
iti

on
s 

fo
r 

fu
ng

al
 d

ev
el

op
m

en
t 

an
d

 t
ox

in
 

p
ro

d
uc

tio
n.

 A
vo

id
 t

ra
ns

p
or

t 
on

 a
re

as
 

d
ire

ct
ly

 e
xp

os
ed

 t
o 

su
nl

ig
ht

 d
ue

 t
o 

p
ot

en
tia

l c
on

d
en

sa
tio

n 
w

ith
in

 t
he

 
co

nt
ai

ne
r 

or
 im

p
er

vi
ou

s 
w

ea
th

er
 t

ha
t 

m
ay

 
le

ad
 t

o 
re

w
et

tin
g 

 

<
 9

.3
7 

P
al

ac
io

s-
C

ab
re

ra
 e

t 
al

. 
(2

00
7)

 [
28

] 

R
oa

st
ed

 
co

ff
ee

 
R

oa
st

in
g 

R
ed

uc
tio

n 
68

%
   

 
<

 3
 

Le
ita

o 
(2

01
9)

 [
24

]  

Tr
an

sp
or

t 
N

o 
in

cr
ea

se
 

O
p

er
at

in
g 

lim
its

 o
f 

11
.5

%
 m

.c
. 

M
ai

nt
ai

n 
m

.c
 b

el
ow

 f
av

or
ab

le
 c

on
d

iti
on

s 
fo

r 
fu

ng
al

 d
ev

el
op

m
en

t 
an

d
 t

ox
in

 
p

ro
d

uc
tio

n 
 

<
 3

 
Fi

na
l T

ec
hn

ic
al

 R
ep

or
t 

—
 P

ro
je

ct
 C

FC
/ 

IC
O

/0
6-

G
C

P
/I

N
T/

74
3/

C
FC

 

C
on

su
m

er
   

  
FS

O
  <

 3
   

 

6 Food Mycology  

www.sciencedirect.com Current Opinion in Food Science 2023, 54:101100 



Thus, drying, storage, and transport remain as the critical 
steps to prevent fungal development and the con
sequent mycotoxin production, especially if beans have 
achieved safe moisture content levels. 

Decrease of ochratoxin A during sorting and 
roasting (∑R) 
Several authors have reported low levels of OTA con
tamination during the growing phase of coffee. At this 
stage, the main source of fungal and OTA contamination 
may be related to ripe cherries picked up from the 
ground, thus, susceptible to contamination with soil- 
borne OTA producers or insect-damaged/-defective 
cherries that may led to previous fungal colonization  
[29]. Successive steps carried out before or after the 
beans are dried to safety moisture content levels 
(10–12% m.c.) such as sorting are critical for preventing 
contamination and further mycotoxin production. Re
moval of unripened, defective, or damaged cherries can 
lead to reductions of up to 63% on the OTA content [26] 
(Table 3). 

Thermal treatments have been proved as an effective 
means of reducing mycotoxins in different matrix types  
[29–33]. The percentage of reduction achieved will de
pend on the duration, temperature, and batch size used 
during the treatment. Several authors have assessed the 
effect of roasting, for example, reporting reductions from 
15.17%, 46.78%, and 57.43, depending on the tempera
ture and duration of the treatment [32]. However, when 
following current industry procedures, a 68% reduction 
was reported as a mean value when pooling data from 
different authors [27]. 

Conclusion 
Despite extensive literature has reported coffee as a safe 
commodity in terms of OTA presence, the current leg
islation on OTA content of the final product entails in
efficiencies on coffee’s global value chain. Early 
detection of contaminated batches that may lead to va
lues over the legal limits on the final product becomes 
critical when aiming to reduce food waste, assure food 
safety, and improve chain efficiency. Therefore, the 
definition of quantitative thresholds along the different 
steps, such the ones estimated in this study, are valuable 
tools for the achievement of these objectives. However, 
it is important to stress the impact of the uncertainty 
related to the broad use of different technological ap
proaches and conditions in which coffee can be pro
duced, stored, processed, and transported. The 
application of holistic approaches, by merging quantita
tive data, prediction models, and toxicology-based ap
proaches, is key for an accurate assessment of health 
exposure assessment and potential final contamination, 
thus facilitating food safety and increasing efficiency 
across the whole global value chain. The present case 
study can provide valuable information for managers, 

who must consider current contamination at each of the 
steps in order to understand better which alternatives are 
required to achieve the final FSO established by the 
legislation. 
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