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CHAIRS’ MESSAGE

WELCOME To FoobpOPS 2019!

We are delighted to welcome our international and national presenters and
delegates to The 5th International Food Operations and Processing Simulation
Workshop (FOODOPS).

The workshop will offer plenty of networking opportunities with leading scientists
and researchers, friends and colleagues. We are very proud and excited to be
hosting FOODOPS in Lisbon one of the most beautiful European capitals that offers a
variety of cultural activities to make even more memorable your attendance to
FOODOPS.

And as always, we endeavor to provide you with a good scientific program including
meaningful contributions in the area of innovative technologies for Food Logistics,
Life-Cycle Assessment Methodologies and Modeling approaches in Food Industry.

But FoodOPS mean more. FoodOPS indeed provides the opportunity to form
productive collaborations and lasting friendships with like-minded academics around
the globe. Beside FoodOPS is a motivational experience exposing our young
colleagues to the latest innovations in our fields as a springboard to their own
research and discoveries.

With this in mind, we would like to express our sincere thanks to the program
committee and to the local organization committee for carefully reviewing all paper
submissions and for putting together this interesting program.

We wish you an amazing and inspiring experience in Lisbon!

| Francesco Longo
University of Calabria

Giuseppe Vignali
Italy

University of Parma
Italy
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ABSTRACT

The paper concerns the logistics activities related to
perishable products. Perishable products are delivered
from the production site to a warehouse by refrigerated
truck. Perishable products are accepted or not at the
warehouse entrance, according to their detected quality
levels; if accepted, they are stored in the warehouse in
suitable environmental conditions. Finally, they are
delivered by refrigerated truck to the destination. Human
errors affect these activities. Perishable products have to
be delivered in a suitable quality level to the destination.
Because of human errors, sometime products arrive in an
unsuitable quality level and therefore, there is a loss for
the company.

RFID technologies, integrated with time temperature
indicators (TTI), allow a prompt detection of abnormal
quality loss and the prompt actuation of mitigation
actions.

In order to evaluate the benefits of different RFID-TTI
implementation set-ups, the study defines a methodology
that measures the risk of monetary losses. The method is
applied to a case study and the results are presented.
Keywords: perishable products, RFID-TTI
implementation set-ups, logistics, transport.

1. INTRODUCTION
1.1. Perishable products
Most perishable products are temperature sensitive and
their quality level is therefore a function of product
characteristics, conditions under which the product is
maintained, and time (Sahin et al. 2007).
Sloof et al. (1996) introduced four mathematical
descriptions to express the decrease in value of
perishable products in a fixed environment. These four
models are listed below:
e  Zero order reactions having linear kinetics.
e Michaelis Menten kinetics.
e First order reactions having exponential
kinetics.
e Autocatalytic reactions with logistic kinetics
(Tijskens and Polderdijk, 1996).

A relationship between time and quality of perishable
products can be built based on these models (Wang et al.
2010). For the same value of the initial quality and the
same value of the quality limit, Figure 1 gives a summary
of the change of quality attributes based on these four
kinetic mechanisms. The

functions of the linear kinetics model and the Michaelis
Menten model are nearly the same in the initial period,
s0, most part of the two curves are overlapping in the
figure.

In the figure, KQ indicates the “keeping quality”: the
time that elapses between the production and the instant
in which the quality deteriorates beyond an acceptance
level.

4 Quality
~— Linear Expon.

100 heg--=-- ‘ i
-~~~ Mic.Men. """ Logist.

KQu, 4

KQy
KQ.,

Time
Figure 1: Decrease in quality for four types of
mechanisms (Tijskens and Evelo, 1994)

1.2. RFID-TTI technology

Advanced product identification and  sensory
technologies, such as radio frequency identification
technology (RFID) and time temperature indicator (TTI),
enable to record transit times and time-temperature data
that determine the actual perishable product quality.
Therefore, these technologies allow a prompt detection of
abnormal quality loss and therefore a prompt actuation of
mitigation actions is possible.

As it concerns the reading (of the RFID-TTI sensor tag)
and the transmission (to the information system), two
possibilities can be considered: the reader and
middleware read and transmit (1) only the latest sensor
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data or (2) all sensor data in a tag user memory. The first
approach can be applied to systems that can send sensor
data to information systems anywhere and in real-time
through wireless communication devices. The second
approach can be used when wireless communication is
not available (Kang et al., 2012). According to these
reading/transmission options and according to the
locations where the reading/transmission takes place,
different RFID-TTI implementations scenarios can be
defined.

2. SYSTEM MODEL DEVELOPMENT

2.1. The logistic processes

The logistic processes taken into account are the ones
that take place from the instant in which perishable
products arrive at the warehouse to the instant they arrive
at the destination. Goods arrive at the warehouse usually
by refrigerated truck. Perishable freight units are
managed as bulk goods in the warehouse. In the proposed
study, each freight unit is subject to the following logistic
activities (Figure 2):

- Check-in at the warehouse entrance: according
to documentation check and visual checks on
package status, goods are accepted or rejected at
the receiving dock. In this phase, conservation
instructions, shipping and priorities information
are acquired. Freight units are tagged with labels
reporting this information and then moved
inside the warehouse.

- Refrigerating room: once the check-in procedure
is concluded, freight units are stored inside the
correct  refrigerating room, based on
conservation instructions.

- Truck consolidation: once the truck is available
at the leaving dock, freight units are moved
from the refrigerating room to the loading dock.
Here, the truck is consolidated for last mile
freight distribution (Cepolina, 2016; Cepolina
and Farina, 2015). According to the data from
the case study, the truck capacity is equal to 13
units.

- Freight transport to destination by refrigerating
truck. From here, freight units will be delivered
to urban areas possibly by multi modal systems
(Molfino et al. 2015).

Warehouse

PHASE 4 -
journey by
truck

room
v

Destination

consolidation

PHASE 1 — check-in
¥
PHASE 2 - Refrigerating
PHASE 3 - truck

Figure 2: The simulated logistic processes.

Referring to Figure 3, in the paper Initial Quality Limit
(IQL) is meant as the minimum acceptable quality level
of the product at the check in (phase 1): the product
should arrive at the warehouse entrance at a quality level
> IQL. Final Quality Limit (FQL) is meant as the
minimum acceptable product quality level at the
destination: the perishable product should be delivered at
the destination at a quality level > FQL. KQ is meant as
the length of time from the product acceptance at the
warehouse entrance to the time in which the quality
deteriorates beyond FQL. Therefore, KQ is the maximum
time interval at disposal for transferring freight from the
warehouse to the destination in specific ideal conditions.

2.2. Human preservation errors

In the four phases previously described, human errors
can occur.

Only errors those consequences could be reduced by
RFID-TTI implementations will be considered. Thus, the
human error typologies taken into account are:

- Previous preservation error (type pp): products
arrive at the warehouse entrance with a quality level
< IQL because of errors previously occurred.

- Conservation error (type c): units are put in the
refrigerating room with delay.

- Setting error (type s): units are placed in the wrong
refrigerating room (i.e. wrong temperature set-up)

Errors of type pp definitely compromise the products
that in fact cannot be anymore delivered to the
destination in a quality level >FQL.
The last two error types are preservation errors that occur
in the warehouse and that cause an abnormal freight unit
quality loss, specifically:

- Errors of type c lead to a significant quality

degradation

- Errors of type s lead to a slight quality degradation
In both cases, products can be delivered, or not, to the
destination in a quality level >FQL. When actual
conditions (indicated in the following with the symbol *)
deviate from specified ideal conditions because of
conservation/setting error occurrence, the quality
decrease will be faster and the linear function describing
the kinetic mechanisms will be steeper than that referring
to ideal conditions; FQL will be sooner reached and
therefore, KQ* will be shorter than KQ (Figure 4) and
KQ**< KQ* <KQ (Figure 5 and 6).

The quality loss entity depends not only on the error type
but also on the amplitude of the interval of time that
elapses between the moment in which an error occurs
and the instant in which mitigation actions are
implemented.

Without any RFID-TTI implementation, the quality level
of each freight unit is monitored through temperature
sensors placed by the producer within the pack and
checked only at destination, once the package is opened.

Proceedings of the International Food Operations and Processing Simulation Workshop 2
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Therefore, only at destination the temperature sensors are
read and, if an error occurred, there is no way to mitigate
it.

The introduction of RFID-TTI technology with different
implementation set-ups impacts on: preservation error
detection, actuation time of possible mitigation actions
and thus, error consequence entity.

2.3. Scenario definition

Two scenarios are taken into account:

* Scenario NO RFID. It represents the current situation
without any RFID-TTI implementation. Human errors of
types pp), ¢) and s) can take place and are detected at
destination. Therefore, no mitigation actions are possible.
* Scenario D - RFID-TTI implementation. The scenario
refers to a RFID-TTI set-up where: RFID-TTI tags are
applied by the producer to each freight unit and fixed
RFID readers (portals) are located: at the warehouse
entrance (reading point E); at the entrance (reading point
I) and at the exit (reading point U) of the refrigerating
room. Errors are detected only when the RFID reading
happens: reading point E allows to detect type pp errors;
reading point | allows to detect type c errors; reading
point U allows to detect type s errors.

2.4. Mitigation actions
Once an error has been detected, the following
mitigation actions are possible:

1. Product rejection - in case of detection of a type pp
error, the product is rejected: this mitigation action
is always successful.

2. Express delivery - in case of detection of a type ¢
error: a truck with the compromised unit leaves the
warehouse as soon as possible without waiting for
other units. Therefore, the load factor (given by the
rate between the number of units on the truck and
the truck capacity) is lower than 1 and an additional
truck will be required for delivering the remaining
units that have been left in the warehouse for time
saving. This mitigation action can be successful or
not.

3. Accelerated delivery - in case of detection of a type
s error: the truck reaches the destination in the
minimum time, thanks to an increase in the
commercial speed (for instance trough a reduction
of the stop lengths, increase in the actual speed, re-
routing). In this case the truck leaves the warehouse
only when it has been consolidated with all the
units, therefore, its load factor is equal to 1 and no
additional trucks are required. This mitigation
action can be successful or not, as described in
section 2.5.

4. Travel cancellation - in case of type c error or type
s error occurrences. If the previous mitigation
actions are ineffective, there is no way for the
company to deliver the compromised unit to the
destination with a suitable quality level. In this case

the subsequent transport phases are cancelled and,
although the unit is lost, additional and useless
travel costs can be saved.

2.5. Assessment of mitigation action’s success

The following figures show Quality-Space-Time
diagrams for a perishable product. The quality level is
assumed to decrease linearly with time in specific ideal
conditions. Q1 is the initial quality level of the freight
unit at the warehouse entrance, while QD is the quality
level at destination. FQL is the minimum quality level
accepted at destination. t; is the unit entrance time in the
warehouse. t; is the unit exit time from the warehouse. to-
t; is the permanence duration of the unit in the
warehouse. tp is the time the unit is delivered to the
destination. tp-t, is the travel time from the warehouse to
the destination. t, is the time the unit reaches FQL. t.-t; =
KQ referred to specific ideal conditions.

Unit quality level

a1 T,

IQL--——k‘ ______

Qab._
FaLT———————1 i z

| SPECIFIC IDEAL CONDITIONS

th t2 tD] ItL time

Warehouse

Veomm

Destination
Space

Figure 3: quality degradation with time in specific ideal
conditions.

Figure 3 shows that in specific ideal conditions, (tp - t1) <
KQ. Veomm is the normal truck commercial speed from the
warehouse to the destination. The unit arrives at
destination with a quality level >FQL (QD > FQL).

Figure 4 shows an example of type s error occurrence and
the consequent adoption of the accelerated mitigation
action. The error produces an increase of the perishable
product degradation speed and as a consequence KQ* <
KQ. An accelerated mitigation action has been adopted
and the transport from the warehouse to the destination is
performed at Veommax (>Veomm), Which is the maximum
commercial speed. The mitigation action results
successful since (tp - t1) < KQ* and therefore QD > FQL.
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TYPE s ERROR OCCURRENCE and
ACCELERATED DELIVERY MITIGATION ACTION ADOPTION

Unit quality level

Q1
L +—— = ——————

Qb
FQL

time

Warehouse

Destination

Space

Figure 4: an example of type s error occurrence and the
consequent adoption of the “accelerated mitigation
action”. The mitigation action results successful.

TYPE c ERROR OCCURRENCE and
ACCELERATED DELIVERY MITIGATION ACTION ADOPTION
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Figure 5: an example of type c error occurrence and
adoption of the “accelerated mitigation action”. The
mitigation action results unsuccessful.

Figure 5 refers to a type ¢ error occurrence and the
adoption of the accelerated mitigation action. The error
produces a strong increase of the perishable product
degradation speed and, as a consequence, KQ** << KQ.
An accelerated mitigation action has been adopted and
the transport from the warehouse to the destination is
performed at Veommax (>Veomm), Which is the maximum
commercial speed. The mitigation action results
unsuccessful since (tp - t1) > KQ** and therefore QD <
FQL.

Figure 6 refers to a type ¢ error occurrence and express
mitigation action adoption. The error produces a strong
increase of the perishable product degradation speed and
as a consequence KQ**<<KQ. An express mitigation
action has been adopted therefore the compromised
product stays for a shorter time in the warehouse (to- t1 in
Figure 6 << to- t; in Figure 5): as soon as the error is
detected, freight leaves the warehouse. The transport

from the warehouse to the destination is performed at
Veomm. The mitigation action results successful since (tp -
t1) < KQ** and therefore QD > FQL.

TYPE c ERROR OCCURRENCE and
EXPRESS DELIVERY MITIGATION ACTION ADOPTION

Unit quality level
Q1
aL —— —F=>gd—— ——— — — —

Qan

FQL— ===t

time

Warehouse

Destination

Space

Figure 6: an example of type c error occurrence and
adoption of the “express mitigation action”. The
mitigation action results successful.

3. METHODOLOGY

3.1. Goal and scope definition

A simulative analysis is aimed at assessing benefits of
the previously described scenarios.

For each scenario, benefits are assessed in terms of
reduced risk of monetary loss (Cepolina et al. 2018,
Cepolina et al. 2019a). A low value of risk means a
high-performance scenario.

In a given scenario S, R%is assessed by summing for each
damage class, the product between the average of the
total damage levels belonging to the class, ADgc, and the
occurrence probability, Hq., related to the respective
class:

RS = ZADdC *Hp,, )
dc

The classes of damage are 5: Negligible (if total damage
level < 500 euro), Minor (if 501 euro < total damage
level < 1000 euro), Moderate (if 1001 euro < total
damage level < 3000 euro), Significant (if 3001 euro <
total damage level < 5000 euro), Severe (if 5001 euro <
total damage level).
The steps for calculating ADg are:
= assessing the damage level d; experienced by
each freight unit i in the scenario S, in the
reference time period. This is done performing a
run (n™ run) of a discrete event simulation
= in the n™ run, assessing the total damage level
as: D, = YfUNd;, extended to the overall
number FUN of freight units handled in the
reference time period. The resulting total
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damage level Dy is reported to the related class
Ddc.

D
=  For each class Dy;: ADg = W where
Dgc

D, 4. are the values D, that fall within the Dy
classand Np,_is the total number of D, 4,

= Hqc is the probability that, in the reference time
period, the scenario is affected by the total
damage level that belongs to class dc. This
probability is assessed by Monte Carlo
technique according to the procedure illustrated
in Cepolina et al. (2019b). The following
likelihood classes are considered: very unlikely
(0-0,2), unlikely (0,21-0,4), possible (0,41-0,6),
likely (0,61-0,8) and very likely (0,81-1).

3.2. Assessment of the damage level di -
Discrete event simulation

During the n™ run of the discrete event simulation, the
freight units are processed through the four logistic
phases in Figure 2, human errors are generated, and
eventual mitigation actions are applied.

For each freight unit i, damage level d; is assessed by:

d; = V; * E; + Ky * travel costf*'"® + K, x

travel costyycr — K3 * travel costinormal speed )
where:

Exposition E; is the monetary value of freight unit i that
includes the cost of moving a unit from the warehouse to
the destination by a full load refrigerated truck (load
factor = 1) with the normal commercial speed.

Vulnerability, V; is a Boolean variable: V; =1 when: -) a
type pp error occurs but it is not detected at the check in
and therefore product rejection mitigation action is not
adopted; -) a type s error or a type ¢ error occurs but it is
not detected; -) a type s error or a type ¢ error occurs and
it is detected in the warehouse but the adopted express
delivery or accelerated delivery mitigation actions do not
result effective (QD < FQL ). In all the other cases Vi = 0.
In case Vi =1, the damage is equal to the costs related to
the complete compensation of compromised units to the
customer. If the unit quality level, detected in the
warehouse, results < FQL, the damage value can be
reduced by canceling the unnecessary transport of the
compromised unit.

travel cost]"""™* *P°*? s the cost of moving a unit from

the warehouse to the destination by a full load
refrigerated truck with the normal commercial speed.

travel costf*™™ is the difference between:

= the cost of moving a unit from the warehouse to
the destination by a full load refrigerated truck

= travel cost"™mal speed

13

travel cost... is the cost of an additional refrigerated
truck for moving freight from the warehouse to the

destination

Ky is a Boolean variable: K; =1 when an accelerated
delivery mitigation action takes place; K; = 0 otherwise.

K2 is a Boolean variable: K, = 1 when an express delivery
mitigation action takes place and the additional truck
travels with load factors <1; K, = 0 otherwise.

Ks is a variable: K3 = 1 when a travel cancellation
mitigation action takes place; K3 = 0 otherwise.

4. DISCRETE EVENT SIMULATOR

4.1. Simulation data input

The simulation model has been implemented in
Anylogic, a discrete event analysis has been adopted.
The system is defined by:

- the reference time period: a typical 8 hours working
day has been considered.

- the freight demand, specified in terms of:
= number of freight units that arrive at the

warehouse within the reference time period: 364
= freight arrival rate: it has been assumed uniform
and arrivals have been assumed deterministic.
= freight unit economic value: referring to

perishable units, we assumed each freight unit
has a value of 3349 euro. The value is obtained
considering: 19 SDRs/kg (Special Drawing
Rights) where 1 SDRs = 1.23 euro, unit’s weight
equal t0140 kg, average transport cost equal to
77 euro for an average distance of 400 km.

- four process phases as described in Figure 2.
Process times are assumed deterministic and are
shown in Table 1.

- human preservation error probabilities: we assumed
a Bernoulli distribution for human errors with mean
values equal to 0.001430 for type c conservation
errors, 0.002143 for type s setting errors and
0.000357 for type pp previous preservation errors.

Table 1: Process times.

Process times

Phase 1 check in Freight unit | 17,5s

Phase 2 refrigerating

Freight unit | 25200s (7h)
room

Phase 3 truck

Do truck 900s
consolidation

with the maximum commercial speed (through Phase 4 journey by truck | truck 28800s (8h)
increased speed, rerouting and stop length
reduction).
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- mitigation action costs:

= Product rejection: the unit is rejected without
any other transport cost and any other
administrative and legal cost requested in
case of dispute

= Express delivery, the cost (travel costipycx)
is related to the additional requested truck.
Its total travel cost is assumed equal to 900
euro that is the total cost of a 400 km journey
performed by a van with gross vehicle
weight < 3,5t. It has been assessed with the
data provided by the Italian Observatory on
road freight transport activities
(http://www.mit.gov.it/mit/mop_all.php?p_i
d=10640) and assuming that variable costs
constitute about 44% of the total travel cost
(Jacyna and Wasiak, 2015).

= Accelerated delivery, the cost
(travel costf*™®) is related to the requested
increase of the commercial speed. Its cost is
assumed equal to 75.5 euro/truck according
to available commercial rates, considering an
average distance of 400 Km between the
warehouse and the destination.

= Travel cancellation, it is a save of money
related to the fact that if a unit cannot reach
the destination in a quality level > QL, it is
not worth to pay for the journey cost. The
journey cost of a freight unit

(travel cost]'*™ *P*°%) is assumed equal
to 77 euro/unit. We assumed that the total
travel cost is equal to 1000 euro and that in
the journey 13 freight units are transported.
1000 euro is the total travel cost of a 400 km
journey performed by a truck with gross
vehicle weight included in (11,5t - 26t). The
total travel cost has been assessed with the
data provided by the Italian Observatory on
road freight transport activities
(http://www.mit.gov.it/mit/mop_all.php?p i
d=10640) and assuming that variable costs
constitute about 44% of the total travel cost
(Jacyna and Wasiak, 2015).

4.2. Simulation output

The performance of each scenario is evaluated in terms
of the risk at which the company is exposed during the
reference period, evaluating the RS value and the risk
matrix composed by Hgc and Dgc classes. A number of
1000 iterations have been carried out for both the
scenarios, in order to satisfy the stopping criteria defined
in Cepolina et al. (2019b).

4.2.1. Currentscenario: NO RFID-TTI
The obtained risk value for the current scenario is:
RS = 47355 euro

The resulting risk matrix is displayed in Table 2. It is
possible to observe that for the 41% of cases the class of
damage is “Severe” corresponding to a total damage
level higher than 5001 euro. In this scenario all the errors
generated during simulation cannot be mitigated leading
to the complete freight unit loss and the entire transport
cost.

Table 2: Risk matrix for the current scenario (no RFID-
TTI implementation)

Hadc
,‘{‘\ —~
o | ¥ -
e| 2 S
> | 8| 25 | S
ro) =) 2o ?>f =) >
= > 8| 29| 2
5| £| €| “e| =
>| E g
p
Negligible 0.25
Minor 0
Dudc Moderate
Significant 0.34
Severe 0.41

4.2.2. Scenario D: RFID-TTI implementation
The obtained risk value for the scenario with RFID_TTI
implementation is:

RS = 2372.7 euro

The resulting risk matrix is displayed in Table 3.

Table 3 Risk matrix for the scenario D (RFID_TTI
implementation)

Hdc
e | S =
> < pac
S N 25| & S
=q £ 2o T o >
s > 8 < X © ]
o = . - X
o [} & o 1o =
> = =~ =~ >
S | 5 g
Negligible 0.40
Minor 0.1
Dac Moderate | 0.02
Significant 0.34
Severe 0.14

The frequency of the number of time that the total
damage level falls within the class “severe” drops down
to 14%. At the same time the frequency of “negligible”
damages increases from 25% to 40%, while for the class
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“significant” the frequency remains the same and equal
to 34%. The resulting risk reduction obtained with this
RFID-TTI implementation is about 50%.

Figure 7 shows the error distribution in 1000 runs, while
Figure 8 shows the number of times that the system has
selected each kind of mitigation action.

When type pp error takes place (125 times) the possible
mitigation action is “product rejection” and can be
applied in all the cases (125 times).

In case of “type c” error, the “express delivery”
mitigation action is successful in 237 cases of 485 (49%),
in all the other cases “travel cancellation” is applied.

In case of “type s” error, “accelerated delivery” is
successful 394 times of 801 (49.2%), otherwise, as for
type c error, travel cancellation is applied.

100%
type_pp: 125 (8.9%)
M bype_c: 484 (34.3%)
S0% M type_s: 801 (56.8%)
0% -

Figure 7: Scenario D, error occurrences in 1000 iterations

100% N
m Product_rejection: 125 (8.9%)

mm Express_delivery: 237 (16.8%)
S0%, m Accelerated_delivery: 394 (27.9%)
Travel_cancellation: 654 (46.4%)

0, L
Figure 8: Scenario D: Mitigation action distribution
(1000 iterations).

4.2.3. Scenario D: implementation costs

The costs can be divided in to two groups: warehouse
implementation costs and tag’s costs for each freight
unit. The cost of each RFID reader is in the range 1200
euro (2 antennas) -1600 euro (4 antennas, if needed).
Installation costs have to be added for each portal and
can be between 300 and 600 euros. The cost of each
RFID-TTI tag with temperature sensor is between 9 euro
and 15 euro, depending on order quantities, much higher
than the cost of a single RFID tag that is between 0.07-
0.1 euro. It is possible to notice that tags with sensors are
quite expensive, but it is important to underline that they
can be reusable a very high number of times within the
battery duration. Therefore, the average cost of initial
hardware implementation for Scenario D can be
considered equal to 5550 euro (3 portals). Whilst the
average cost for 364 RFID-TTI tags is about 4368 euro.
The cost of the middleware, needed to communicate tag
data to the software, is included in previous costs, while
the costs needed for the software are not displayed since

can be much variable in relation with the amount of data
managed, how data are stored and the integration with
the company management software.

5. CONCLUSIONS

Traceability represents a major concern in supply chains
of perishable products. Fresh goods contamination is a
critical issue since the increasing complexity of supply
chains makes these events more likely to happen
(Bruzzone et al. 2014). Progress enables complex and
integrated monitoring systems based on Internet of
Things, continuous monitoring and real-time alerting.
However, the adoption rate of these innovations is not
fast enough due to the need of expensive equipment and
a robust digital infrastructure (Gallo et al. 2018).
Montecarlo simulation is used to estimate the value of
damage in presence of uncertainty. A similar approach in
the food industry has been applied by Tufano et al.
(2018).

The present study shows how the introduction of RFID-
TTI technology allows a risk reduction of about 2363
euro (about 50% with respect to the current scenario) for
the management of 364 freight units, having the
possibility of mitigate human error consequences with
“express or accelerate delivery” and travel cancellation if
all possible mitigation actions don’t allow to guarantee
the suitable quality level during the logistic chain.

As far as implementation costs is concerned, the
possibility of reusing RFID-TTI tags and who is in
charge of applying tags to the units (producer, carrier...)
become crucial aspects to discern how much the
technology can be convenient for the carrier company.
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ABSTRACT

Safety at the workplace is one of the most relevant issues
for companies, due to the high number of accidents
happening every year, some of which even deadly.
Despite that, this number is decreasing thanks to
continuous research and to an increasing application of
safety procedures and devices. In line with that, the
project presented in this work intends to develop and
evaluate a new solution to improve operators’ safety, at
a reasonable cost (including adoption and use). The
usage of wearable systems (smart-glasses and smart-
watches) will improve the efficacy of the solutions
previously tested on mobile devices like tablets and
smartphones. Although no new devices were developed,
the project required the creation of a new software tool,
in which a great amount of information was inserted to
allow its correct functioning.

The main aim of this work is to create a testing procedure
to evaluate the impact of this solutions on the employee’s
safety. This is extremely important to demonstrate the
efficacy of new industry 4.0 applications.

Keywords: Augmented Reality, work safety, Mixed
Reality; case study, Industry 4.0.

1. INTRODUCTION

One of the last polls made in the EU28 (EUROSTAT
2018) shows that in 2015 there were more than 3 million
of accidents (causing more than four days of absence
from work) with almost 4 thousands deaths. These
numbers only refer to Europe, which is considered as a
reference zone due to the high level of technology and
attention paid to safety and, also, where advanced
solutions (such as that described in this study) can be
easily applied. Nevertheless, there is no doubt that safety
concerns are global problems, having a greater impact on
the third-world and the developing economies, where
culture and laws do not consider workers’ conditions.
Globally, about 340 millions of accidents and 160
millions of work-related illness are observed every year,
with 2.3 million of deaths (International Labour
Organization 2008).

Conventional solutions aiming at increasing safety are
not always able to completely remove risks, mainly due
to the implicit nature of works itself, and also to the
operators’ behaviour or their level of training (Ledo and
Costa 2019). There are also further aspects to be taken in
account: has the system been designed with a high level
of security? (Kolbachev and Salnikova 2019). The level
of safety was adequate time ago; is it safe enough now?
(Song and Yang 2019).

With the purpose of enhancing the operators’ safety, a
research project, W-Artemys (Wearable augmented
reality for employee safety in manufacturing systems),
was started by some Italian institutions and aimed at
introducing the new technologies offered by the well-
known fourth industrial revolution in the safety context.
More precisely, the aim of the project is to propose new
solutions based on Augmented Reality (AR) which can
help workers while performing their tasks directly on the
machinery; the support of AR is expected to help reduce
errors and accidents. This is particularly the case for
complicated procedures, where employees are likely to
make mistakes or to forget steps, thus causing machine
downtime and, consequently, unplanned production
standstill.

AR was selected among the Industry 4.0 technologies for
its characteristic of being smart: indeed, it can be easily
installed on handy or wearable tools, such as tablets,
smartphones or smart glasses; the use of these devices is
immediate and understandable, and their cost is quite
affordable (Bottani and Vignali 2019). Whether (or not)
the implementation of AR is appropriate in the specific
context under examination can be assessed thanks to a
framework developed by Rosi et al. (Rosi, Vignali and
Bottani 2018) and further developed by Bottani et al.
(Vignali, et al. 2019).

On the basis of the premise above, the aim of this paper
is to discuss the implementation challenges for a AR
application intended to improve the safety level at the
workplace and to detail a procedure for testing the
effectiveness of the tool developed. As such, this study
can be useful to guide similar implementations of AR for
safety improvement in industrial contexts.
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The remainder of the paper is organized as follows.
Section 2 provides an overview of the W-Artemys
research project, in which this study has been carried out.
Section 3 details the testing procedure for the AR
solutions. Section 4 describes the expected benefits as
well as the possible issues arising from the
implementation of the tool. Section 5 concludes and
indicates future research activities.

2. THE W-ARTEMYS PROJECT

2.1. Overview

The W-Artemys project is multi-disciplinary in nature, as
it required different knowledge and competences in
various engineering fields; this is why the project
required the collaboration of different universities. With
the financial support of INAIL (Italian insurance institute
for work-related accidents), the University of Parma
(UNIPR), University of Genova (UNIGE) and
University of Calabria (UNICAL) started the
development of W-Artemys platform. This platform
collects mainly three different systems, i.e.: a database, a
vocal assistant and an augmented reality tool. The
software has been designed to be implemented on
commercial devices (tablets, smartphones or smart
glasses), thus avoiding the need to develop an ad hoc
physical support. The timetable of the project was based
on two years of activity, but an extension of further six
months have been requested and approved by INAIL.
Table 1 shows the activity planning, including the tasks
completed and those currently in progress.

Table 1: Work plan for the development of the W-
Artemys system

The W-Artemys platform has a modular architecture:
based on the main software (which manages the database
information), the vocal assistant, the alarms management
system and the augmented reality system are added as
plug-in. The plug-in system was chosen to allow the
project partners to work independently on the W-
Artemys platform, even if the system itself was not
completed. This logic is used for most of the minor
options included in the project, like the QR code
generator and reader, the search tool or the pictures and
pdf upload module. The QR code generator can be used
to create QR codes to be placed in specific parts of the
machine; when read by the device’s camera, the code
directly links to the related argument or document. The
search tool allows to use specific keywords to find
elements, avoiding a manual screening of the W-
Artemys’ database. During his activity, the operator can
also upload useful documentation, such as pictures or pdf

files. All these elements have been designed to help the
employee in his activity, to perform his tasks avoiding
errors, thus increasing the safety level without
jeopardising his efficiency (operation time).

In the last months were also added specific systems to
manage the alarms of the set of equipment and to use the
AR to help the operators during one specific activity,
which was selected due to its complexity (bottles size
changeover).

2.2. Software structure

As can be seen in Table 1, the first months of the project
were spent for the development of the main software
architecture, i.e. the basic program where all the
remaining elements will be installed. This work was
mainly done by UNICAL. Once the structure of the
software tool was sketched, pieces of information about
the machines to be tested were collected in order to fill
the database. Two companies, both based in Parma, were
involved in the application of the tool and will
collaborate to the testing phase: GEA Procomac (GEA —
engineering for a better world s.d.) and Parmalat
(Parmalat 2019). GEA Procomac is a market leader in the
filling machines field and is the manufacturer of the
machine selected for the application of the W-Artemys
tool; Parmalat is one of the main beverage companies
around the world and is the user of the selected machine.
An aseptic filling monoblock, manufactured by GEA
Procomac and located at the Parmalat site, was chosen as
case study. A detailed description about the machines
themselves has been presented in a previous work
(Vignali, et al. 2019); for completeness, a short
description will be reported also in section 2.3.

Once the W-Artemys architecture was sketched, UNIPR
started filling the database by entering information about
the selected machine. This activity required to convert
the information collected in a format compatible with the
software structure; more precisely, information entered
and files uploaded had to be clear and easy to read and to
understand by the user. It was also necessary to create a
precise logic to organize all the files inside W-Artemys
platform; this activity was carried out in a previous work
(Vignali, et al. 2019).

The first step to create the database was to examine all
the machines’ manuals in order to extrapolate the
relevant information and determine how to organize it.
To comply with the tree structure of W-Artemys and
create a user-friendly interface, operations were grouped
into different sets, with intuitive names.

Overall, the amount of information retrieved was
organized in around 200 groups and files. For any new
element created there is the need to fill in many
information (such as description, keywords, reference
picture, reference colour) and to upload the relevant files.
The vocal assistant was activated at the beginning of
2019. The function of this plug-in is to allows rapid
search and to retrieve the relevant groups of elements as
results, or directly answer the questions raised by the
user. For the system to function, it is necessary to insert
a set of keywords for every block. The choice of the
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keywords is crucial for the correct functioning of the
system: indeed, only if inserting specific keywords, the
system is able to retrieve the required item as answer. In
line with this principle, several possible keywords were
inserted in every research field, including synonyms, so
as to allow the operators to use different words and obtain
the answer they are looking for. With respect to the
answers themselves, they need to be created for each
single question, in every element, in such a way that the
vocal assistant is able to give back the information
searched.

The last months were focused on the implementation of
the alarms management system, which is the last element
required before implementing the AR tool. The general
structure of the alarm management system was discussed
together with all the project partners. Implementing this
plug-in requires the W-Artemys software to be real-time
connected with the machine’s database; this is actually
one of the main obstacles for this module. Indeed,
nowadays companies are increasingly concerned about
cyber-attacks, and also, old machines are not predisposed
to be connected to the internet. When an internet
connection is available, firewalls are typically installed
and only few and trusted connections are allowed. To
allow the alarms management system to work,
information on the state of the aseptic filling monoblock
should be exchange via web. This kind of information
exchange is mandatory due to the different physical
location of the W-Artemys server and the machine
server: the first one is located in the UNICAL’s servers
and the second one is at the company’s site. After
dedicated meetings, the project partners came to the
conclusion that a read-only access to the alarms database
could be provided and that a mirroring server should be
implemented. This compromise solution allows the W-
Artemys tool to identify the active alarms and send
notifications to the operators. To this end, two main tasks
have been carried out:

e First, has been created a table linking each
alarm code to the corresponding restoring
procedure (in W-Artemys). This should allow
UNICAL to link the alarm of the monoblock to
the right solving procedure;

e Second, as far as the software is concerned, has
been implemented the alarms plug-in.

Although the table linking alarms and solution
procedures has a quite simple structure, its creation was
not so immediate; indeed, machines such as those
considered in this study contain hundreds of sensors and,
consequently, generates hundreds of different alarms or
warning. Thanks to the guidance of GEA Procomac, all
the alarms generated by the monoblock were collected:
their final number totals more than nine hundred alarms
and warnings. From an analysis of the resulting list, three
main points were noticed:

e Not all the alarms turned out to be relevant for
the purpose of this study, as they are not

included in the machines’ manuals; their code
has been therefore skipped in the table;

e Some operations correspond to more alarms
codes generated by the machine;

e Some alarms codes have no description, which
makes it difficult to understand their object.

A preliminary screening of the alarms was made by
looking at the first sixty rows of the alarm table generated
by the monoblock. This screening was intended to
quickly create some data to be inserted in the alarms
management system for testing purpose. The choice to
create a list of a subset of alarms was motivated by the
following considerations:

e The ongoing development of the alarms
management system involves uncertainty about
the logics behind them. Hence, a pre-test phase
of the alarm management tool should be carried
out with a subset of alarms, to try its
functioning;

e Related to the previous point, because of the
high number of alarms, the full list of them will
be more effectively handed when the alarm
management module will have been debugged.

Based on this issue, the alarms management module has
been created and it was able to collect from MSql server
2008 R2 only the selected alarms and to display them on
the mobile devices (Tablets and smartphones), where the
W-Artemys have been installed. Nowadays the
notifications of the alarms appear out of the app (but in
the same devices) and then the operators should find the
solution inside the W-Artemys app. A test will be done
also using smartwatches as wearable devices, able to
receive the alarms, while other devices like tablets or
smartwatches will help to solve the problem on the set of
equipment.

Finally, the AR app has been realizing both on the
wearable devices (smart-glasses) and on simple mobile
devices (tablets and smartphones). This application is
made in order to help the operators, which actually work
on the equipment, to do also difficult activities such as
the bottle size changeover (now it is performed by
specialized maintenance operators). The AR application
needs in this case the usage of tags in order to
understands the exact position with the aim to add digital
information on the real images. This functionality is
implementing in both the wearable and mobile devices,
with the differences that in wearable solutions the act to
skip or validate the phases is different from that of mobile
systems (tablets and smartphones need only to press a

key).

Section 3 will describe a first series of tests that will be
carried out on the whole system. Nonetheless, some
specific tests on the different plug-ins of the W-Artemys
tool also need to be carried out, to check their
performance singularly. This standalone and internal test
has been already done with the W-Artemys modules
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developed up to now. This procedure allowed to check
every aspect of every module in detail, so as to arrive at
the final test with all components working properly.

2.3. Tested machine description

As mentioned earlier, the machine chosen for the
implementation of the W-Artemys tool is an aseptic
filling monoblock. Despite its name, the monoblock
consists of five machines. Following the production
flow, once the bottles enter the monoblock, they are
processed by the sterilizing machine, whose main aim is
to sterilize the bottles, inside and outside, in such a way
to destruct the bacterial count without interacting with
the plastic. Hot peracetic acid is used to this end.

At the exit of the sterilizing machine the bottles require a
washing process to remove the residue of peracetic acid.
The washing machine is similar to the previous one in its
structure, but instead of a cleaning fluid, sterilized water
circulates inside it.

Once washed, the bottles enter the filling machine. A
critical process is made here: the sterilized product from
the production plant is injected inside the bottle, and the
environment must be as clean as possible to avoid any
contamination of the product.

Once filled, the bottles reach the capping machine. Caps,
previously sterilized in a machine similar to the steriliser,
are screwed with a precise torque on bottles. This last
operation ends the process, which is summarized in
Figure 2.

rinsing
machine
sterilization Filling
machine
capping
Bottles machine
entrance Bottles
exit

Figure 2: Production flow of the aseptic filling line.

Almost all the processes take places in an aseptic
environment; in this regard, when the bottles exit from
the sterilizing process, the air inside the machine has to
be purified too. To this end, a series of ventilators with
air filters are installed on the machine. This system
allows to keep the pressure inside the monoblock higher
than the ambient pressure, meaning that no particles will
enter the machine and contaminate the product or bottles.
These strict conditions of cleanliness are guaranteed by
the manufacturer for a limited amount of time only; every
one hundred hours, it is necessary to perform a Clean-in-
Place (CIP) and a Sterilising-in-Place (SIP) process in
order to restore the initial conditions.

A more detailed description of the monoblock can be
found in (Rosi, Vignali and Bottani 2018) and (Vignali,
et al. 2019).

3. TESTING PROCEDURE

According to some preliminary analyses carried out with
Parmalat, the format changeover on the whole line was
chosen as operation to be converted in AR and,
consequently, tested. Indeed, the bottling line in question
deals with four different bottle formats and the
procedure, performed when the five machines are
switched off, generates a significant downtime.

Tests will be performed by UNIPR and are planned
between November and December 2019. This timing is
due to the seasonality of products manufactured by
Parmalat (which occupies the plant full time from April
to October) and to the availability of the W-Artemys
system, which is expected to be complete in September
2019.

Four employees from Parmalat, preferably inexpert, will
be involved in the testing phase. They will be introduced
to the project and then trained on the devices they will
have to deal with. Other four employees from Gea
Procomac will be selected in order to understand the
differences among these and those of Parmalat.

Between the total forty-three activities to be carried out
during the format changeover, by removing the
redundant ones (i.e. those that are repeated several
times), the following eleven resulted:

1. Adjusting the height of the inlet conveyor;
. Disk rotation;

. Guide pin and guide regulation;

. Bottles stop pads replacing and regulation;
. Replacement of the entrance scroll;

. Guide adjustment;

. Starwheel replacement;

. Guide replacement;

O o0 9 N »n K~ W

. Dowel replacement;
10. First sector of the guide rotation;
11. Second sector of the guide rotation.

Some of these will be selected based on the following
criteria: ease of investigation from the external part of the
equipment, repetitiveness of operation on the various
machines, utility of the technological solution for the
specific operation. Indicatively the duration of the
operations must not exceed 15-20 minutes for practical
reasons.

The aim of the tests will be to evaluate the effectiveness
of the AR solution during the execution of the
abovementioned activities. To do this, each task will be
repeated four times by the four operators of GEA
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Procomac and Parmalat with the support of four different
tools:

a. Printed manual;

b. Tablet and wearable device (without AR
implementation);

c. Tablet and wearable device (with AR
implementation);

d. Voice assistant.

Tests are planned so that for some phases of format
changeover operated by a single person, all the four tools
will be used by the same person; in this way, results can
be more objective and not affected by the specific user
experience (e.g., with AR devices or vocal assistant).

Each repetition will be timed through a manual digital
chronometer and supervised.

As far as the key performance indicators, we will
consider as quantitative outputs the time spent for
completing the operations and the number of errors made
by the users during the execution of the tasks. Once
observations will be recorded, statistical analysis can be
considered. As we deal with a test carried out for one
factor (the AR) at four different levels (the four tools), an
F-test can be performed, i.e. the analysis of variance
(ANOVA). Design Expert release 7.1 software package
(Stat-Ease, Inc., Minneapolis, USA) will support this
data processing.

Finally, through a survey we intend to present in
retrospect to the operators involved, we will also acquire
qualitative feedbacks on the users’ response, e.g. on the
ease of usage or perception of safety. To this end we plan
to use the unified theory of acceptance and use of
technology (UTAUT), which is a technology acceptance
model formulated by Venkatesh et al. (Venkatesh, et al.
2013) on the basis of a review of the existing theory
acceptance models. The UTAUT model aims to explain
user intentions to use an information system and
subsequent usage behaviour. The model takes into
account four core determinants of intention and usage
(i.e. 1) performance expectancy, 2) effort expectancy, 3)
social influence, and 4) facilitating conditions), and up to
four moderators of key relations.

4. CONCLUSIONS AND IMPLEMENTATION
CHALLENGES
One of the main challenges identified in the whole
project is the creation of a well compiled database.
Indeed, information on the operations to be converted in
AR are often not sufficiently detailed in the machines’
manuals. As mentioned before not only operations are
troublesome to be collected but also all the information
that must be included inside the W-Artemys. In general,
from a practical perspective the development of this kind
of solution needs a huge amount of manual work, which
could be even greater if the application is to be replicated
on different machines.

Again from a practical point of view, a further difficulty
encountered was to link the alarms codes with the
corresponding description in the manuals. Indeed, the
internal database contains all the alarms generated by the
machine, but these alarms are often redundant or unclear
in their name; this makes it difficult to directly link them
to the correct restoring procedure. A company technician
(in our case a GEA Procomac manager) was involved in
this phase to explain the meaning of the machine alarms.

From a systems’ perspective, an alarms management
system, as the one designed in W-Artemys, requires (at
least now) an internet connection, in order to read the
alarms status of the machine. This requires the possibility
for the machine to put and share information online, and
the company’s availability to allow this information
exchange.

Based on these peculiarities, in conclusion, the activities
performed have shown how it is complex to implement
industry 4.0 solutions on an existing machine due to in
particular the use of updated version of software and the
need of high performances of informatics hardware. All
these activities could be easily done on a new machine
where all the systems could be based on the same
operating system.
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ABSTRACT

Today consumers demand fresh foods without additives,
preservatives and health risks: that is why non-thermal
food preservation methods are receiving more interest,
among them High Pressure Processing is able to avoid
thermal degradation of food components, extend their
shelf life and preserve colour, flavour and nutritional
value. HPP is often used on dairy products because of its
impact on physicochemical and sensory characteristics,
its ability to improve their structure and texture and
inactivate some microorganisms.

The aim of this work is to evaluate the effect of HPP on
a packaged ricotta rich in Conjugated Linoleic Acid
(CLA) and Omega-3, resulting from cows fed with
linseed in the Parmigiano Reggiano area, and processed
with a hydrostatic pressure of 600 MPa for 5 minutes.
The ultimate goal is to find a mathematical model able to
show the treatment’s effect on spoilage microorganisms
that grow spontaneously in this product during a month
of refrigerated storage.

Keywords: High Pressure Processing, Modelling,
Ricotta, shelf life, Milk

1. INTRODUCTION
In the last years consumers demand fresh food with high
sensorial and nutritional quality, but additive free, mildly
processed, and especially safe from pathogenic and
spoilage microorganisms. Therefore, food companies are
challenging to develop food products with consumer-
desired characteristics, using advanced thermal based
technologies such as aseptic processing, microwave,
ohmic and radio-frequency heating (Balasubramaniam et
al. 2015). Moreover, the adoption of cleaner condition
during the packaging phase could help to increase the
shelf life of products (Bertolini et al. 2016). The major
advantage of thermal treatment is the inactivation of
pathogenic and spoilage microorganisms, with the
consequent increasing of food shelf life, but it affects
product’s quality as nutritional value and color, disrupts
vitamins and changes food flavor (Mosna and Vignali
2016). Thus, non-thermal methods have been developed
such as irradiation, pulsed electric field, UV and High
Pressure Processing (HPP) that has been recognized as
one of the more relevant and frequently applied

alternative  techniques to conventional thermal
processing.

The non-thermal pasteurization effect of high pressure on
foods has been known since the 19" century: in 1899 Hite
used hydrostatic pressure up to 600 MPa as a tool to
preserve milk, then in 1914 it was tested on vegetables
and fruits, but the major revolution came in Japan by
releasing the first high pressure processed product into
market (Elamin et al. 2015).

Over the past 30 years many studies have been performed
to understand advances of HPP and it has been
successfully implemented in different type of food
industries worldwide. Nowadays, it is used in Japan,
United States and Europe for pasteurization of food
products, and equipment installation are increasing in
numbers: the most famous and important industries of
HPP machines today are Avure Technologies and
Hyperbaric.

The major type of industrial high-pressure operating
system is the batch-one, in which the cycle is
characterized by the loading, compression, holding,
decompression and unloading phases. The equipment
usually consists of a cylindrical pressure vessel and its
closure, an intensifier pump to generate pressure and a
material-handling system. The food product, previously
sealed in flexible and water-resistant packaging
(Lambert et al. 2000), is put in a cylindrical container,
pushed and closed into the pressure vessel: a pressure
medium, usually cold water, is pumped isostatically from
its tank and once the desired pressure is reached, the
pump is stopped by closing the inlet valves. The high
pressure transmitted by water on foods is usually up to
400-600 MPa for 3 up to 30 minutes (Elamin et al. 2015).
A variety of liquid and solid foods can be treated with
batch application, but since pasteurization treatments do
not typically inactivate bacterial spores, it is important to
maintain  pressure-pasteurized  products  under
refrigerated storage after the treatment. In fact, bacterial
spores are more resistant to high hydrostatic pressure
than vegetative cells: they can be eliminated with
repeated cycling between high and low pressures, but the
risk is only the partial elimination of the germinated
spores, that can cause food poisoning. Instead, HPP
successfully destroys vegetative microorganisms thanks
to irreversible change to the membranes and the
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disruption of nucleic acids and ribosomes. The
consequent permeabilistation of the membranes and the
leakage of the content involve the cell’s death (Datta and
Deeth 1999).

Thanks to the destruction of spoilage microorganisms,
HPP extends the shelf life of some products up to 10
times. The consequence is that additives or preservatives
are not necessary and foods are more natural. Moreover,
with the destruction of pathogens as Listeria,
Staphylococcus, Salmonella, Escherichia coli, the
technology assures food safety and exportation in
worldwide markets. Today different markets in the world
sell a wide range of products treated with HPP: juices,
beverages, vegetable, fruit, meat, seafood products,
ready to eat meals, soups, sauces, infant foods and dairy
products. In 2014 HPP food production exceeded 500
million kg (Elamin et al. 2015).

In general, the complexity of food and the wide variety
of phenomena that occur under pressure make difficult to
predict effects of HPP on foods. For these reasons, HPP
conditions must be evaluated in each specific product.
Many researchers studied HPP effects on dairy products:
the treatment seems able to improve their structure,
homogenizing and softening ricottas and cheeses.
Moreover, it increases lightness and conserve food
colour for a long time (Calzada et al. 2015). Also a great
amount of data exist on the effects of the treatment on
chemical and microbiological characteristics of dairy
products (Datta and Deeth 1999; Devi et al. 2013; Okpala
etal. 2009; Pega et al. 2018; Ribeiro et al. 2018; Wibowo
et al. 2019).

However, the largest part of researches consists in
inoculating some microorganisms in foods and
evaluating their survival after the treatment at different
pressures and times, in order to estimate the destructive
power of HPP (Serment-Moreno et al. 2017; Mussa et al.
1999; Serment-Moreno et al. 2015; Chen and Hoover
2003). Instead, there are very few studies on the
spontaneous growth of microorganisms in foods treated
with High Pressure Processing (Giacometti et al. 2016).
In the last years, in the Italian Parmigiano Reggiano area,
some cows are fed with linseed rich in CLA and Omega
3: the nutritional value of their food is transmitted in their
milk, and consequently in cheeses and ricottas produced
from it. Since the advantages of HPP seem to be very
promising on cheeses and dairy products, in this work the
treatment was used on ricotta in order to maintain its
nutritional value (Gutiérrez 2016) and simultaneously
improve its shelf life. Ricottas processed with high
pressure were stored in fridge with untreated ricottas and
observed for 30 days: every 10 days some ricottas were
analysed in order to study the spontaneous microbial
growth. Finally, the influence of the treatment has been
studied using primary models to describe the growth of
spoilage microorganisms.

2. MATERIAL AND METHODS
Natural ricotta has a really short shelf life because of the
pH above 6.0 and water activity between 0.974-0.991
that make this product an excellent growth medium for a

wide range of microorganisms (Pala et al. 2016). Ricotta
is created from the whey obtained from the milk:
microbes may originate on the farm from the milking
equipment, environment or employees. Even if the
production process reach elevated temperature that kills
psychrophilic and mesophilic bacteria, the heat-tolerant
species could survive and cause deterioration (Rawat
2015). Moreover, ricotta is exposed to microbial
secondary contamination due to equipment and
processing environment if the hygienic rules are not well
respected in the processing plant.

Spoiled ricotta may be safe to eat if there are no
pathogens or toxins, but it is characterized by undesirable
or unacceptable sensory modifications for human
consumption as off-odours or flavours and visible
changes in colour and texture. Instead, it may do not look
bad even if it is severely infected by pathogenic bacteria,
and for this reason bacterial contamination is more
dangerous.

The main spoilage and pathogenic microorganism that
can be found in ricotta are Enterobacteriacea, Listeria
monocytogenes, Pseudomonas spp., Bacillus cereus,
yeasts, moulds and lactic acid bacteria. There are many
parameters that establish the admissible concentration of
microorganisms in ricotta suitable for consumers and
many standards methods to conduce the microbiological
analyses. Firstly, in order to ensure the non-alteration of
the food, the concentration of total aerobic mesophilic
bacteria have to be less than 103CFU/g. The optimum
count in ricotta and soft cheese is <10® CFU/g. Instead, if
the number of bacteria is between 10°and 107 CFU/g it’s
microbiologically acceptable, but it denotes that the
hygiene of cheese production must be improved. Thus, if
the concentration is >107 CFU/qg it is unacceptable for
human consumption, and it means that the process must
be rechecked from a microbiological point of view.

On the other hand, a satisfactory concentration of yeasts
and moulds is <102 CFU/g (FCD 2009), but it is also
acceptable between 102 and 103 CFU/qg.

The presence of Pseudomonas spp. (optimum if <10°
CFU/g) and Bacillus cereus (optimum if <102 CFU/qg)
has to be evaluated during or at the end of the productive
process, while during the food shelf life is advisable to
study the presence of Listeria monocytogenes (must be
absent or <100 CFU/g) and Salmonella spp. (absent).

2.1 Packaging and HP treatment

Depending on the target markets, ricotta is packaged in
different ways: it can be wrapped in food paper for the
gourmet food store, while for the large-scale retails it is
usually packaged in vacuum or in Modified Atmosphere
Packaging (MAP) in order to extend its shelf life. On the
other hand, High Pressure Processing seems able to
increase shelf life of dairy products up to 4 or 5 weeks
(Pega et al. 2018; Giacometti et al. 2016).

In previous researches (Ugolotti and Vignali 2018),
ricottas packaged in MAP were suitable for 10 days, but
in this work the desired shelf life was at least twice as
much as reached before: for that reason the HPP was
used. Using the EasyFrom machine by ILPRA (ILPRA
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EasyForm Machine) 16 thermoformed trays containing
5009 of ricotta were created. Trays were composed by
PET/EVOH/PE, with a depth of 20mm and a little head
space containing not MAP but atmospheric air.

The half part of the trays were treated at 600 MPa for 5
minutes in Avure Technologies HP machine (HPP
Machine QFP350L). Then, the 8 untreated and 8 HPP
trays were refrigerated at 4°C for a month.

2.2 Microbiological analyses
Every 10 days (T0=0 days, T1=10 days, T2=20 days,
T3=30 days), 2 treated and 2 untreated trays were
analysed in order to observe the concentration of spoilage
microorganisms in ricottas, despite the conservation in
the fridge was surely able to slow down their growth.

Refrigerated at TO:
8 untreated ricottas
8 HPP ricottas T2
Analyzed 2 untreated Analyzed 2 ur_ltreated and 2
and 2 HPP ricottas HPP ricottas
| I
I I >
1 1
: !
Observation time T1 T3

Analyzed 2 untreated
and 2 HPP ricottas

Analyzed 2 untreated
and 2 HPP ricottas

Figure 1: Planned Observation Times

The main object of study was the invasion by
microorganisms such as moulds, yeasts and bacteria that
cause spoilage in ricottas and were responsible for
sensory changes which make ricottas unacceptable for
consumers’ consumption. For that reason, the presence
of some pathogenic bacteria as Listeria monocytogenes,
Bacillus cereus and Salmonella spp. was not
investigated: moreover, all the previous analyses done on
this type of ricottas testified that their concentration was
equal to zero.

Therefore, analyses searched for lactic acid bacteria
(LAB) that are a group of gram-positive bacteria
responsible of spoilage under low oxygen, low
temperature and acidic conditions: their undesirable
changes in milk and derivatives are off-flavours, gas
formation in cheeses (blowing) and acidification (Rawat
2015). Moreover, the presence of negative nuclease cocci
and Enterobacteria was investigated because they could
be an index of non-hygienic production process. Finally,
the total bacteria count was analyzed taking account of
all types of bacteria that grew up in ricottas.

Analyses were conducted at illustrated times (Figure 1)
with the same method: approximately 20g of ricotta in
each tray were diluted with 9 parts of citrate buffer
(trisodium citrate 20g/L) and homogenized with
Stomacher for 120 seconds. Then, the suspension was
used for serial dilutions in physiological solution (NaCl
9¢/L) inoculated in Petri dishes in order to search for
microbial groups.

Finally, Crison pH-meter was used to measure the pH of
each samples in order to take account of possible
acidifications that occurred in ricottas.

Table 1: Analyses parameters and culture medium

Culture medium Microbial Parameters
group
Violet red Bile
Glucose Agar Enterobacteria 37°C, 48h
(VRBGA)
Plate count Agar Total bacterial o
(PCA) count 30°C, 72
Baird & Parker Agar Negative . 37°C, 72h
nuclease cocci
Yeast Peptone Yeasts and o
Dextrose Agar (YPD) molds 28°C, 5 days
- 30°C,
MRS agar Lth'C a_C|d anaerobic,
acteria
5 days

2.3 Microbial growth curve

Microbial growth in foods could be compared to a batch

culture in a growth medium, where nutrients are

exhausted while metabolites are accumulated and could
inhibit the cells growth. In this ecosystem, microbial
growth is characterized by different phases:

1- Lag phase. Firstly, bacteria have to adapt to growth
conditions: they start to synthetize enzymes and
intermediate metabolites, but are not able to divide. The
duration of this phase depends on the type of bacteria
and environmental factors such as CO,, temperature or
pH.

2- Log or exponential phase. Cells start to reproduce
into two daughter cells and their number increase
exponentially. In the chart, a straight line represents
this period: the slope is the specific growth rate of the
organism, which is a measure of the number of division
per cell per unit time.

3- Stationary phase. The growth and cell division cease
due to exhaustion of nutrients, accumulation of toxic
products or in general a growth-limiting factor. The
phase is represented by a straight horizontal line.
Growth rate and death rate are equal.

4- Decline or death phase. The total number of cells
remains constant, but the number of viable cells
gradually decreases due to lack of nutrients or other
injurious conditions.

Log N (CFU/g o CFU/ml)

lime

Figure 2: Microbial Growth Curve

2.4 Microbial growth models
In order to secure food safety, predictive microbiology
creates models to predict microbial growth and
inactivation in food products. In particular, primary
models describes kinetics of growth, inactivation or
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survival. Secondary models study the effects of
environmental and process conditions of primary models
parameters. Finally, mathematical expressions are
collected into different software, called tertiary models,
useful for researchers who want to study microbial
growth in foods: ComBase Predictor and Pathogen
Modeling Program are the most famous and used.

There is a large number of empirical sigmoidal equations
of primary models: they are indispensable tools for the
comprehension, prevision and control of phenomena
caused by the growth of microorganisms, as food
deterioration, pathogenic growth and metabolite
production. The modelling purpose is the individuation
of a mathematical expression able to predict the growth
in every instant of time and estimate the most important
parameters in every growth curve, as the lag phase
duration (A) and the maximum specific growth rate
(umax). In particular, in order to create a safe food
characterized by a long shelf life, the growth inhibition
of pathogenic and spoilage microorganisms is desired: it
means to prolong A and reduce pimax.

The Gompertz primary model is a sigmodal curve where
the lag phase is calculated from a geometrical
interpretation: it was often used in order to describe the
microbial multiplication until the 90s. However, in 1994
Baranyi and Roberts studied a new mathematical
approach for a mechanical model for the lag phase
(Baranyi and Roberts 1994). Their model is the most
widely used, because it can apply various environmental
factors appropriately and interpret the calculated
parameters biologically. The Baranyi equation is the
following:

etmaxA(t) 41

y(@) = Yo + MmaxA(t) = In(1 + —5——=5) 1)

In(e~Hmaxtye—ho_e—t=ho)

Alt) =t + (2

Hmax

In the model, y, is the initial bacterial counts, while v,
is the final bacterial counts.

In the equation (2) hois called “work to be done”: it’s the
work needed by the cell for the adaptation and the
duplication. It could be expressed also by oo parameter,
that is the “initial physiological state”: it’s equal to zero
if cells don’t duplicate (infinite lag phase), or oo = 1 if all
cells reproduce immediately (A = 0). The expression of
these parameters is reported in the following equations:

ho = Amay = In (1 + q—lo) = —Ina, 3)

ay = e‘ﬂmax/1 (4)

To model microbiological data during the observation
period, ComBase Predictor is used. It is possible to use it
online or with the DMfit program provided for Excel.
The program reports the estimated equation parameters
and the coefficient of determination (R?) and Squared
Error (SE), which indicate the statistical fit of the primary
model.

3. RESULTS AND DISCUSSION

3.1 Visible changes during observation

At TO, the main visible effect of the treatment is syneresis
that is the separation of the aqueous phase of ricotta, due
to the pressure. At T1, untreated ricottas started to change
color: they become light-rose and trays started to swell
up. The Oxybaby instrument, able to measure the
percentages of gas inside each tray, showed that in bulgy
packaging the Oxygen was completely consumed and
Carbon Dioxide was produced: it was a clear index of
fermentation in untreated ricottas. Contrariwise, HPP
ricottas remained white and without visible change for 30
days.

Figure 3: Rose untreated ricottas and bulgy trays

3.2 Microbiological analyses results

Results show that, at the beginning of the observation,
pH is very similar between untreated and HPP trays, but
after 10 days, untreated ricottas acidified. Instead,
acidification in ricottas treated at 600 MPa for 5 minutes
started only after 30 days in the fridge at 4°C. Certainly,
the result demonstrates the ability of high pressure to
slow down chemical changes and reactions in foods.

Table 2: pH results

Time Untreated HPP
TO 5.15 5.13
T1 4.66 5.09
T2 5.74 5.10
T3 4.50 4,72

Microbiological results show that at T1 in untreated
ricottas some microorganisms as negative nuclease
cocci, yeast, molds and lactic acid bacteria started to
grow up: of course the last one were the main cause of
the acidification, fermentation and swelling. Instead,
microbial growth in HPP ricottas started to be significant
only after 30 days of refrigerated storage. Enterobacteria
didn’t grow up at any time in any ricottas (<10 CFU/qg).

Table 3: Total bacterial count results [CFU/g]

Time | Untreated HPP
T0 2.000 2.500
Tl 1.600.000 4.000
T2 | 272.000.000 | 240.000
T3 | 490.000.000 | 13.200.000

Table 4: Negative nuclease cocci results [CFU/g]
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Time | Untreated | HPP
TO <10 <10
T1 1.040 80
T2 300.000 | 240
T3 600.000 | 380

Table 5: Yeasts and molds results [CFU/g]

Time | Untreated | HPP
T0 <100 <100
Tl 400 1.000
T2 3.500 800
T3 4.500 1.200

Table 6: Lactic acid bacteria results [CFU/g]

Time | Untreated HPP
TO <10 <10
T1 5.400.000 | 5.000
T2 | 45.000.000 | 43.000
T3 | 50.000.000 | 12.000

In microbiology, in order to calculate the magnitude of
the change in cell number, a logarithmic scale is often
used. In fact, taking the log value of a large number
transforms it into a smaller one that is easier to work
with. Therefore, the number of cells CFU/g were
transformed in log: the charts show the different bacterial
growth in treated and untreated ricottas during a month.

8,00
— 6,00
X
=)
o
< 4,00
o
—
5
= 2,00

0,00

0 10 Days 20 30
=@ Untreated HPP

Figure 4: Nuclease negative cocci growth curve
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Figure 5: Total bacterial count growth curve
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Figure 6: Lactic acid bacteria growth curve

Charts show that the microbial growth in HPP and
untreated ricottas is very different. The untreated ricottas
curves are similar to the exponential phase of the generic
microbial growth illustrated in figure 2: it seems that, at
TO, there are already the conditions of duplication of
bacteria, who start to grow up quickly. Instead, the first
section of HPP ricottas curves seems similar to the lag
phase: cells need time to adapt to the new conditions of
growth.

Especially, plots shows that the main difference between
the two types of ricottas is the growth during time: in
HPP ricottas is slower. In fact, using the following
mathematical expression for each microorganisms at
each observation time, it is possible to see that HPP
inhibits bacterial growth from 1 to 3 log after 10 days,
and up to 3 log after 20 days.

log reduction = log(HPP (1)) —log(untreatedm)) (5)

In particular, looking at the curves, High Pressure seems
able to prolong A and reduce y,,,, and umax 0f acid lactic
bacteria, negative nuclease cocci and total bacteria count.
In other words, it means that HPP changes growth
conditions in ricottas and does not allow cells to quickly
reproduce. This is a very important result because
prolonging the lag phase, the concentration of bacteria is
lower and the food is safe for more time.

The content of acid lactic bacteria in untreated ricottas
grows exponentially during time and after 20 days it’s
already greater than 107 CFU/g, showing an evident
product’s alteration. Instead, in HPP trays the number is
lower, remaining less than 10° CFU/g also after 30 days,
testifying the safety of ricottas. The total bacterial count
at T2 is greater than 1028 CFU/g in untreated ricottas,
while in HPP ricottas is yet acceptable (10° CFU/qg).
Finally, yeast and molds concentration’s limits are more
respected in treated ricottas than in untreated ones.
Using ComBase Predictor online, the microbial growth
curves were fitted with the most appropriate primary
model among linear model, Baranyi and Roberts model
and Biphasic model. On y-axis the concentration
expressed in log CFU/g is reported, and on x-axis time is
expressed in hours. In the chart, data points represent the
analyses results, while the curves are the model created
by the software.
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In order to measure the adequacy of the model to describe
data, the coefficient of determination R? was calculated:
the higher is (= 1), the better is the adequacy.

2 _ 4 S92
R 1 X(y-9)? ©)

The microorganisms’ growth in treated ricottas can be
modelled with the equation of Baranyi and Roberts.

In particular, the content of acid lactic bacteria can be
modelled with the equation of Baranyi and Roberts
without the lag phase (R? = 0,942 and SE of fit = 0,389).
The essential parameters that can describe the curve are
the maximum growth rate p.,.,, the initial value y, and
the final value y,,., (Table 7).

L 1|
"5

logeCFlig
o

Figure 7: Lactic acid bacteria in HPP ricottas modelled
with Baranyi and Roberts equation without lag phase

Total bacteria count can be represented by the same
model but with no asymptote. R? value is very high
(0,995) and SE of fit is 0,127. The maximum growth rate,
the lag/shoulder parameter and the initial value are
reported in table 7.

logeCFUfg

Figure 8: Total bacteria count in HPP ricottas modelled
with Baranyi and Roberts equation without asymptote

Finally, also the content of negative nuclease cocci in
HPP ricottas can be represented with Baranyi and
Roberts model without lag phase, with R? = 0,968 and SE
of fit=0,126.
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Figure 9: Negative nuclease cocci in HPP trays
modelled with Baranyi and Roberts (no lag phase)

Table 7: Growth parameters in HPP ricottas

Baranyi- u N
Robe rts Yo Ymax max
Acid
lactic 1,0000555 4,355 0,0115 /
. +0,389 40,276 +0,00261
bacteria
Total
bacterial 3,364 / 0,00779 232,459
40,122 +0,000543 | +34,152
count
l;\l:c{l;teiavsee 1,00906 2,51 0,00358 /
c%cci +0,126 +0,102 | +0,000735

Finally, each microorganism’s growth in untreated
ricottas was modelled with ComBase using the Baranyi
and Roberts Model without lag phase. Parameters are
reported in the following table and charts are attached in
appendix.

Table 8: Growth parameters in untreated ricottas

Baranyi-
Rober);s Yo Hmax Ymax R2 SE
Lactic
Acid 1 0,0247 7,67 1 | 00281
| +0,0281 | 40,000208 | +0,0199 '
bacteria
Total
: 3,305 0,012 8,67
bacterial | /0045 | 10000233 | 40,0375 | 1 | 00423
count
Nuclease
. 0921 | 000959 | 5826
ni%é(l:t(l:\i/e 10,266 | +0,00116 | +0.281 | %85| 0.277

Parameters’ results confirm that the microbial growth in
HPP ricottas is lower than in untreated ones. Considering
the total bacteria count, the treatment prologs the lag
phase, while in the others type of ricotta this phase is
absent and cells start to reproduce immediately. Finally,
as seen before, y,.. Of each microorganism is higher in
untreated ricottas, testifying greater deterioration’s
reactions. Since HPP ricottas at T3 respect all the limits
of bacterial count permitted, it means that the treatment
can ensure to this product a shelf life up to 30 days, more
than the double guaranteed by untreated ones.
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4. CONCLUSIONS

Food industry priorities in the Parmigiano Reggiano area
are the creation of safe, nutritious and tasty dairy
products with a long shelf life. For that reason, the High
Pressure Processing (600 MPa, 5 min) was tested on
ricottas, which were observed for a month in refrigerated
storage at 4°C and compared with the same number of
untreated ricottas. Observation and microbiological
analyses show that HPP is able to slow down chemical
reactions in treated ricottas, preserving their color and
inhibiting the microbial growth up to 3 log CFU/g. In
fact, modelling the total bacteria count and lactic acid
bacteria growth in HPP ricottas with the Baranyi and
Roberts primary model, it can be seen that the treatment
prolongs the lag phase A and reduce the maximum
growth rate pumax compared to untreated ricottas modelled
with Baranyi and Roberts model without lag phase.
Thanks to this, HPP ricottas have a shelf life of 30 days,
while the untreated ones after 10 days of storage are
already not suitable for consumers. However, it could be
interesting to study the influence of pressure on microbial
growth, analyzing different treatment parameters (as
400, 500 and 600 Mpa): of course, it will be the object of
study in future developments of this work.
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APPENDIX
Figure 10: Lactic Acid bacteria in untreated ricottas
modelled with Baranyi and Roberts equation (no lag)
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Figure 11: Nuclease negative cocci in untreated ricottas
modelled with Baranyi and Roberts equation (no lag)
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Figure 12: Total bacteria count in untreated ricottas
modelled with Baranyi and Roberts equation (no lag)
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ABSTRACT

Agriculture and food manufacturing have a considerable
effect on the environment emissions: holdings and farms
play an important role about greenhouse gas emissions
and water consumption. This study aims at evaluating the
environmental impact of one of the most important
Italian DOP product: organic Parmesan Cheese.
Environmental performances of the whole dairy supply
chain have been assessed according to the life cycle
assessment approach (LCA).

In this analysis Parmesan Cheese is made from an
organic dairy farm in Emilia Romagna, which uses the
milk from three different organic livestock productions.
Organic agriculture is different from conventional; the
major difference is represented by the avoidance of the
use of synthetic fertilizers and pesticides made in
chemical industry process. Organic agriculture uses
organic fertilizers to encourage the natural fertility of the
soil respecting the environment and the agro-system.

In this case, life cycle approach is used to assess the
carbon footprint and the water footprint of organic
Parmesan Cheese considering the milk and cheese
production. The object at this level is investigating the
environmental impact considering the situation before
some improvement changes.

The functional unit is represented by 1 kg of organic
Parmesan Cheese; inventory data refer to the situation in
year 2017 and system boundaries consider the inputs
related to the cattle and dairy farm until the ripening
(included).

The carbon footprint is investigated using IPCC 2013
Global Warming Potential (GWP) 100a method,
developed by Intergovernmental Panel on Climate
Change, and reported in kg of CO2eq. Otherwise, water
footprint allows to measure the water consumption and
in this work it is assessed using AWARE method
(Available Water REmaining).

Keywords: Life Cycle Assessment (LCA), organic
Parmesan Cheese, Carbon footprint, Water footprint.

1. INTRODUCTION

In recent years, the global food system has proved to be
unsustainable (Mancini et al., 2019). Overall in this
sector there is a need for a general sustainable

development, being producers and consumers looking
for reaching both environmental, economic and social
sustainability (Mancini et al., 2019).

Parmesan Cheese is one of the most important Italian
DOP product and its manufacturing is strictly controlled
by its consortium. This consortium has also the task of
draw up the regulations and its experts examine all the
wheels before declaring the DOP certification. The
production of Parmesan cheese is authorized only in a
specific area, which included the provinces of Reggio
Emilia, Parma, Modena and parts of the provinces of
Bologna and Mantua.

Life cycle assessment is a method of identifying the
environmental impact of a product or service by
analyzing all associated inputs and outputs, based on
system boundaries. The method is divided into: goal and
scope, inventory, impacts and interpretation of results
(Uctug, 2019).

The dairy sector is a very impactful activity, in particular
as far as the milk production is concerned (Bava et al.,
2018). Several publications have been done on this sector
to analyze several products obtained by cow milk,
showing how the ripening phase (Sanjuan et al., 2011),
the packaging (Manfredi et al., 2015; Bertolini et al.,
2016,) and the needs of refrigeration (van Middelaar et
al.,2011) play a crucial aspect in defining the
environmental impact.

Based on these premises, the aim of this study is carried
out the impact assessment of a wheel of parmesan Cheese
manufactured in a farm before some improvements
planned to reduce greenhouse gas emissions and water
consumption. Some planned improvements are, for
example, the inserting of photovoltaic panels, the
modernization of machines and the introduction of a new
concentration plant for whey, which allows to reduce the
number of truck trips for disposal.

2. METHODOLOGY

2.1. Life Cycle Assessment (LCA)

This study is based on an attributional LCA analysis, in
accordance with 1SO 14040 (2006) and I1SO 14044
(2006), using software SimaPro 8.5.2.0 (PRé
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Consultants). Ecoinvent and Agri-footprint and Methods
have been used as secondary data database, when
primary data have been not available. Carbon footprint
and water footprint have been considered as impact
categories in this study.

The carbon footprint is investigated using IPCC 2013
Global Warming Potential (GWP) 100a method,
developed by Intergovernmental Panel on Climate
Change, and reported in kg of CO2eq. Otherwise, water
footprint allows to measure the water consumption and
in this work it is assessed using AWARE method
(Available Water REmaining).

2.2. Goal and scope

This study is carried out to assess the environmental
impact of organic Parmesan Cheese, in particular
investigating the carbon footprint and the water footprint
considering first the milk and then the cheese production.
Three different organic breedings of bovine produce the
milk, which is then transported to the dairy factory and
used to produce cheese. Inside the dairy farm several
phases are need to obtain the Parmesan Cheese (as
reported in Figure 1).

Skimmed milk Milk

\-\-\bt/

Curdling

v

rfspinoﬂ
v

Cooking

v

Sedimentation

v

Forming

v

Salting

v

Maturation

Figure 1: Parmesan cheese process

The considered dairy farm is located in Emilia Romagna
(Italy); every day the evening cow milk is left to rest in
large vats until morning of the day after to obtain the
separation of the fattiest part. When the milk of the
morning arrives from the three farms, this is added to the
milk of the evening before and the blend is poured into
bell-shaped copper cauldrons.

The next step is starting heating and adding to this blend
the calf rennet and the whey obtained the day before.
This mixture coagulates and produces the curd, which is
broken into small granules using the “spino” tool. Then
the cooking process starts and curd is heated to 55°C to
obtain a single compact mass.

After about one-hour the cheese maker removes the
cheese mass, which is then cut in two identical parts.
Cheese wheels are wrapped in typical linens and placed
in moulds to give the final shape.

Each cheese wheel has a unique number of identification.
Some marking bands are used to mark the month, the
year of production and the registration number around
the circumference of cheese wheel. Then the cheese is
immersed for few days in a solution saturated with salt.
The final step is the ripening in maturation rooms.

The fattiest part of the milk is used to produce an organic
butter, but this production process does not take place in
this dairy farm.

2.3. Functional unit

In a LCA study, the functional unit (FU) is the reference
for input and output data to quantify the performance of
a product system (ISO 14040, 2006).

In this study functional unit is 1kg of organic Parmesan
cheese. For each farm the unit of 1 kg of Fat and Protein
Corrected Milk has been recreated, as suggested by IDF
(2015):

kg (kg
FPCM (—) = Production (—) * [0.1226
yr yr
* fat% + 0.0776 * protein%
+ 0.2534]

The term “Production” is the amount of milk produced
while the percentage of fat and protein is related to the
chemical analysis of each bovine herd. The amount of
Fat and Protein Corrected Milk is used to reproduce the
functional unit.

2.4. System boundaries
Environmental impact assessment is carried out from the
“cradle-to-dairy gate”, considering the cattle farms and
the cheese production until the ripening phase, while
packaging, distribution, consumption and packaging
end-of-life are excluded.
Each farm has been analyzed separately with the aim of
reproducing the daily quantity of Fat Protein Corrected
Milk; subsequently the milk is used as input in parmesan
cheese production process.
System boundaries generally includes the following
phases:

- Seeds;

- Transports;

- Diesel;

- Crops production;

- Purchased feeds;

- Process of sowing;

- Water consumption;

- Detergents;

- Natural gas;

- Energy consumption in breeding and cheese

factory;

- FPCM production;

- Daily feeding of cattle;

- Livestock manure;
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- Whey;

- Treatment and disposal of whey;
- Rennet;

- Salt;

- Steam

Both the considered farms are organic, so livestock
wastes are used as fertilizer; additionally, in two stables
biogas plants have been already installed. The digestate,
exiting by both the biogas systems, is used as organic
fertilizer; both the plants produce also electricity.
Electricity produced from biogas is considered an energy
from a renewable source and therefore it has a positive
impact on the analysis, because it is demonstrated that
biogas plant helps to reduce the environmental impact
(Battini et al., 2014).

2.5. Life cycle inventory analysis

Inventory analysis consists of collecting input and output
data to recreate the process units; the aim is to provide
some objective data to allow their processing and
evaluation in Life Cycle Impact Assessment and Life
Cycle Interpretation phases (Baldo et al., 2008).

In each farm the daily amount of FPCM has been
recreated, considering the feeding of cows, the
consumption and emissions, as reported in Figure 2.

Transports Sowing

| seeds | Fertilivers Transports

- ] L} L8 —

Crops Purchased feeds Detergents
production L~ -

Cleaning waten

Water —+ Feed Milking

v
Wastewater

Electricity
Gas - MILK » Emissions
Diesel —*

Figure 2: FPCM flow chart
The first two farms have only one stable each one. The
third farm is instead composed by two sheds, so the
values considered for the third farm have been obtained
as the arithmetic mean of the two sheds.
The number of animals and the herd composition have
been recorded on each farm, as shown in the table 1.

Table 1: Primary data about number and herd
composition

Farm 1 Farm 2 Farm 3
Lactating 289 320 253
COWS
Dry cows 70 75 80
Heifers 310 275 203

As cow’s feeding is concerned, the production of fodder,
cereals and the purchase of feed has been taken into
account. Each forage and cereal has been reproduced
considering seed, sowing and organic fertilizers.

The daily emissions (methane, nitrous oxide and
ammonia) from animals and the farm operations have
been calculated as an average of the data proposed by

Baldini (Baldini et al., 2018). Data have been reported in
Table 2.

Table 2: Daily emissions of animal category expressed as
kg of gas head™

Lactating Dry
CH4 0,59 0,19
N20O 0,003 0,01
NHs 0,11 0,09

So environmental impact of FPCM production is
included in the assessment of functional unit impact.
All daily data related to cheese are collected in the dairy
farm.
The input data are:

- Milk (Fat Protein Corrected Milk)

- Whey

- Rennet

- Energy

- Natural gas

- Water

- Salt

2.6. Allocation

Allocation is the breakdown between input and output
flows of a process.

According to the ISO 14040, allocation between product
and co-products should be avoided, but this is not always
possible.

At farm level there are two products: milk and meat. So
allocation is made according to IDF (2015):

AF=1-6,04 BMR

Where AF is the allocation factor for milk, and
consequently (1 — AF) represents meat allocation factor.
BMR is the ration between Mmeat/Mmilk; Mmeat is the
quantity of the live weight of all animals sold and Mpii
is the amount of milk sold, considered as the total
quantity of FPCM.

Allocation factor for milk and meat has been calculate
for each farm. Table 3 shows the percentages.

Table 3: Allocation factors between milk and meat

Milk (FPCM) Meat
Farm 1 81 % 19 %
Farm 2 77% 23%
Farm 3 82 % 18 %

3. RESULTS AND DISCUSSION

3.1. Impact assessment

The aim is to estimate carbon footprint and water
footprint of 1 kg of organic parmesan cheese. The impact
categories considered are: climate change and water use.
In the following section the results are presented
separately for the two footprints. Carbon and water
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footprint have been calculated at first only for the milk
and further for parmesan cheese.

3.2. Carbon footprint

The method to assess greenhouse gas emissions is IPCC,
Intergovenmental Panel on Climate Change, which has
only one impact category: climate change, measured in
kg COzequivalent.

The environmental impact assessments of milk
production, expressed for kg of FPCM are 1,33 kg
CO02eq, 1,01 kg CO2eq and 1,1 kg COzeq for the three
different farms. The results are aligned with values
reported in other studies (Jayasundara et al., 2019;
Baldini et al., 2018; Battini et al., 2016; Bacenetti et al.,
2016).

These results are due, in particular, to emissions of
animal and their daily feed.

Considering the materials and consumption to produce
the functional unit of 1 kg Parmesan cheese, until
ripening, the carbon footprint is 17,8 kg CO.eq. The most
impactful category is milk, which is used in large
quantities; 1 kg of Parmesan cheese needs 14 liters of
milk.

Whey disposal is considered in the Parmesan cheese
production, because whey is a co-product. It is sent to
Germany and Austria by a refrigerated transport and the
distance is an average between the two destination.

In Figure 3 it is possible to notice the impacts of each
process and milk has the largest contribution.

4

/ 4

= Milk m Materials
Water = Electricity
m Steam Matural gas

= Wastewater from whey = Whey disposal
Figure 3: Carbon footprint contributions

3.3. Water footprint

The method to assess water footprint is AWARE. The
method must be used as a water use midpoint indicator
representing the Available Water Remaining per area and
it assesses the potential water deprivation.

Considering the three farms, the water consumption to
produce 1 kg of FPCM is in a range between 0,487 and
0,673 me.

Milking and feeding of lactating bovines are the most
impactful phases; for milking process, the water is used
to clean plant. Regarding the feeding, lactating cows

drink daily 100 kg of water (it is an average data provided
directly by the farmers).

As regards the water consumption to produce Parmesan
cheese, the final result is 7,6 me.

As in the previous section, in Figure 4 it is possible to
identify the different contributions about consumption of
water resources.

/| 4

m Wastewater

n Milk m Materials Water

u Electricity Steam
Figure 4: Water footprint contributions

m Maturalgas  w Whey disposal

As for the carbon footprint, milk is the category with the
highest water consumption, due to cleaning activities and
bovine water demand while dairy farm activities have a
lower impact (Noya et al., 2018).

4. CONCLUSIONS

The aim of this analysis is to show the impacts related to
greenhouse gas emissions and water consumption of 1 kg
of organic Parmesan cheese considering the whole dairy
supply chain. The study refers to the situation before
future improvement measures based on the reduction of
environmental impact. Future researches will be oriented
to perform another Life Cycle Assessment study to
compare the new situation with the previous one.
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