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D. Picque, H. Guillemin, MN Leclercq Perlat, B. PeriietCattenoz,
D. Levéque, J. Bussiere, G. Corrieu
INRA UMR GMPA
F- 78 850 Thiverval Grignon

Summary

In order to get an accurate determination of theseheespiratory during the ripening
progress, two small size respiratory cells (18 litres) algwhe measurement of G@roduction
and of Q consumption were designed and built. These cells also wegneédso allow a good
control of the key ripening variables: it is the case of tnawpire (locating the cells in a
controlled cold room), air relative humidity (air is dried by @gson of the water lost by the
cheeses) and G@oncentration (new air injection is carried on to limit th@,@crease in the
cell). A new software, called RECEL, was especiallyealieped for the monitoring of the
respiratory cells and the data treatment.

The performances of the automatic controls of the relative hiynaidd of the C@content were
tested and validated performing preliminary ripening trialspatkaged and non packaged
cheeses (Camembert type cheese). In parallel, data érgadmCQ and Q contents allowed on
line (with some criticism analysis) and (preferably) ofielicalculation of the cheese respiratory
activity (or fermentation rate) which is a new and innaeatoncept.

As satisfactory results were obtained, the cells are derei as new working tools available for
future cheese ripening studies performed at the laboratosy. scal

1. Introduction

The results obtained in WP2A (Tasks 3.1 and 3.2 — Seeéle 2A3.1 “Prototypes for
the measurement and the monitoring of the composition of the chgeseng rooms
atmosphere”Deliverable 2A.3.4 “Definition of new monitoring methods and athons adapted
to cheese ripening process improvement” and Deliverable D2A.8t&rith report on the
guantification of the effects of the advanced monitoring on theingerocess, and description
of selected monitoring strategy”) have shown the interest tacteaise the cheese respiratory
activity during the ripening step of the cheese making prodésgertheless, the experiments
carried out have shown also that an accurate determination efechlespiratory activity is
difficult to realise at the pilot plant ripening room scatél$ were performed in 4.3 and 15 m
ripening rooms). The control of the environmental conditions, eshethe relative humidity,
and the accuracy and significance of respiratory measurearenise 2 main difficulties.

To improve this situation, it was proposed the designing oéll allowing a fast and
accurate characterisation of cheese respiratory activitingduipening in well controlled
conditions. Such an equipment should contribute to a better knowledgeee$ec ripening
behaviour in link with cheese quality.

The purpose is to study two main ways of cheese riperfipngipening of non packaged
cheeses, which correspond to the first step of the process pedforriarge ripening rooms, (ii)
ripening of packaged cheeses, which is going on after packagdgsacontinuing until the
cheese consumption time.



In this report, the design of a prototype respiratellyis presented and the results of the
preliminary tests characterising its performances aagyaed.

2. Respiratory cell prototype design and realisation

The design of the cell prototype consisted in defir{ings mechanical conception, (ii) its
instrumentation (on-line measurements), (iii) the tasks a#dcat the software in charge of data
acquisition and cell automatic control. The realisation of ¢b# prototype is involving
mechanical, instrumentation, electronic and software aspe&ttsofs and measurements devices
allowing respiratory activity measurement were installednéw software (called RECEL),
adapted from the CRIC software developed in WP2A (task 3), veesially developed for the
monitoring of the 2 respiratory cells.

2.1 Mechanical conception and instrumentation of the respjirasdir

A schematic presentation of the cell prototype is shown in Figurevolving the
instrumentation (on-line measurements) and the loops controllingltteye humidity (RH) and
the CQ concentration. The volume of the cell is close of 18L, and theepbig of about 8
camembert type cheeses or 2 Saint Nectaire type cheeses.
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Figure 1. Schematic presentation of the ripening respiratdty Teemperature (T), relativ
humidity (RH), CQ and Q content are measured. RH and ,C&e (can be) automatically
controlled. The temperature control is obtained by locatiagéfl in a cold room (4 to 15°C).
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The sensors used to realise the four on-line measurements are

0] for temperature and relative humidity, a Hygroclip S sefld&® : accuracyt 1.5%,
T: accuracyt 0.3°K at 23°C, Rotronic, Croissy Beaubourg, France),

(i) for CO; concentration, an infrared analyser (BlueSens model ANACO258% +
0.2%, Infors, Massy, France),

(i)  for O, concentration, an electrochemical sensor (model Figaro KE50aaycti 1%,
Diltronic SA, Saint-Germain-en-Laye, France).

These sensors were located at the upper part of the reppall (Figures 1 and 2).

An external circuit involving an air dryer (use of silicagedsicreated to allow the control of the
air relative humidity in the cell. The addition of new filter@d allowing the control of the GO
content was performed with a valve. A general view of ther@®otypes of respiratory cell
realised is shown Figure 3.

2.2 Respiratory cell computer control

Electronic interface

RECEL software main functions:
e Data acquisition
» RH and CO, concentration controls
e Respiratory activity determination
e Data storage and presentation

Figure 2. Respiratory cell computer control. Picture of the upasrof the cell with the sensors
(T, RH, CQ, O,). Main functions of the RECEL software.

Data acquisition and key variables (temperatulative humidity and C@ content)
control are very important for the monitoring of the cell prototypegure 2 represents the
general organisation developed in order to reach these igbfect
In-house developed software (RECEL, registration in progress) usad to manage the
following main functions: data acquisition, display, storage argort; cheese respiratory



activity and CQ production rate calculations; air circulation, relative hurpidihd air renewal
controls.

The temperature control was obtained by locating the cell indarcom which temperature can
be fixed on a set point ranging from 4 to 15°C with an accurhey0.5°C.

The control of the Relative Humidity (RH) was performed by d¢hieulation of the air in an
external dryer. The circulation time was controlled by the RE&d&tware. The control of the
CO, content was done by injection of new air in the cell. Gengralset points were used: the
air injection was starting when the high set point was eshcand was stopped when the low set
point was reached. In this way, the increase of, ®€ween the 2 set points is in direct
relationship with C@ production rate and the cheese respiratory rate (see pare®)@ph
Preliminary trials allowed to test and improve these contesld, more details are available in
paragraph 3.
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Figure 3. Overview of the 2 prototypes of respiratorynipg cell

3. Preliminary trials performed with the respiratory cells
3.1 Data recording and key automatic controls

The data obtained during the ripening in a respiratelty(t°2) of packaged and non
packaged camembert type cheeses are recorded in Figure. 4nfaHirst step (from DayO to
D10) of ripening, the cheeses were not packaged. It can be seeiguie 4A that the
temperature and the relative humidity of the cell werentaaied around of 12°C (temperature
of the cold room) and 96%. Most of the time the air of the cedl eréed by circulating in the
external circuit containing silicagel. As the cheesesaseld an important amount of water, it
was often difficult to get a relative humidity lower than 98%hie cell. In the second step of the
ripening (from D10 to the end), the cheeses were packaged anehntperature and relative
humidity of the cell were decreased to 6.5 °C and 75%, respgctiMeese changes are well
shown Figure 4A. The evolution of the, @nsumption and of the GQroduction occurring
during all the ripening process are shown Figure 4B. As the €@tent in the cell was
automatically controlled between 2 set points (0.4 and 1.0%, tegde@s low and high set
point), the CQ concentration was varying between these 2 thresholds. Nemas injected in
the cell when the C&zoncentration reached 1% (high



Figure 4. Recording of the main data characteristics ofrébpiratory cell
(n°2) working conditions. A: Temperature (T) and Relative Hlityi(RH)
evolution, cycles of air drying. B: GOand Q concentration evolution
opening time of the valve controlling air renewal.




Figure 5. Recording of the G@oncentration control in the respiratory cell n°2 at D7 (Fig &4J
D11 (Fig 5B). The low and high set points used for the contrd.drand 1.0%, respectively.




Figure 6. Recording of the relative
humidity control in the respiratory
celln°2 at D7 and D11.The RH set
points are 96% (non packaged
cheeses, Fig 6A) and 75 %
(packaged cheeses, Fig 6B),
respectively

set point), and the injection was stopped when the lower set
point was reached. The changes ic@ntent were symmetric to those of £ @creasing when
CO, was deceasing and rangina_between 19 and 21%. On Figure 5A-B,leddeteording of
the CQ control is presented. It| | A ptained during the first (D7) amde¢bond (D11) step of
the ripening process and limite e day period in order to &eikin accurate observation.
The CQ production was about of 2.5 times higher on D7 as compared to D11: @heval
cycles were performed on D7 against only 9 on D11, and the av€f@geroduction rates are
about of 24 and 11g GOn°.d, respectively. Similar observa B | dealing with thiatiree
humidity control are shown Figure 6 A-B focused on D7 a 1. The contrbl7owas
difficult because the RH measurements were overestin(&ke>100%). On D11, the RH set
point at 75% was maintained with an accuracy48%. The sharp decrease observed (under
60%) corresponded to an opening of the cell.

3.2 Calculation of cheese respiratory activity

Cheese respiratory activity is a new concept, pydodwn and not developed in the
cheese making industry. All cheese makers know that during ripdrengitrobial growth,
which is responsible of the biochemical changes in cheeseslsroxygen and produces
carbon dioxide. But as these data are not measured, only exhkiriavledge is available.

Using the new sensors set up in WP2A Task 3 andgpieatery cell designed in this
WP6 task make possible the quantification of the @@duction and of the consumption
as seen before (Figures 4A and 5). As the amounts of exhausteah@©onsumed Lare
generally close for this kind of cheese (Respiratory Quotient # i),possible to assume
that the respiratory activity (also called fermentatice)rés the CQ production rate and/or
the Q consumption rate. The recording (as shown Figure 5) of the pereaita§) and Q
(noted CQnand Q) in the cell is the first step in order to calculate #menientation rate. It
is necessary also to take into account the cell volume (\ftiré), the number of cheeses
located in the cell and their total surface (S, f). Mhen, the C@production rate and the,O
consumption rate, respectively notedxet I, are calculated using the following equations
(land 2):

rcoz2= (COx(tvon) - CO2(tvorr)) / (tvon - tvorr) 1)

roz = (02 (tvon)- O2 (tvorr) / (tvon - tvorr) (2)
tvon and {orr are the processing times (in day) at which the air igeotalve was opened
and closed, respectively. Thugert - tyon iS the time necessary to get a d@crease from

the lower to the upper predetermined set point. Moreover, the ievdwf the CQand Q
percentages between each low and high set points were asssitirezhr.



COu(tvorr) and Q(tvore) are respectively the total amounts of £L@oduced and of O
consumed when air injection valve was closed. They are expresggdms per unit of
cheese surface (in g/m?).

COu(tvon) and Q(tyon) are respectively the total amounts of £@roduced and of O
consumed when air injection valve was opened. They are expresgedms per unit of
cheese surface (in g/m?).

The amount of C@produced (in g/f) was calculated from the percentage 0f,@COzm, in
%) contained in the respiratory cell, by equation (3) :

CO; = (COum)*(44*273*V)/(22.4%(273+T)*N*S) 3)

The amount of @consumed was calculated from the percentage D4, in %) contained
in the respiratory cell, by equation (4) :

0, = (20.96 - Qm)*(32*273*V)/(22.4*(273+T)*N*S)  (4)

Where :

COum and Qpare the percentages of ¢&ahd Q measured in the respiratory cell

S is the mean surface of the cheeses ripened in tr(érmﬁ)

V is the cell volume (in litre). V = 18.8 L.

T is the cell temperature (in °C).

N is the number of cheeses ripened in the cell.

32 is the molar mass (in g) of oxygen and 44 is the molas ifia g) of carbon dioxyde.
22.4*T/273 is the volume of one mole of &hd CQ at temperature T.

20.96% is the percentage of (@ air.

Finally, the C® production rate and the ;Cconsumption rate (in g/m2.d) were
calculated in a discrete way. A calculation was performet g@a® when the air injection
valve was automatically opened (high £€&t point reached) in order to decrease the CO
content in the respiratory cell.



Figure 7. Respiratory activity obtained in cell n° 2 and desgiilyethe CQ production rate and
the Q consumption rate.

Nevertheless, some difficulties in @@ontent evolution need to be considered:

- some CQ leaks can occur if the cell sealing is not correct, and constyguhe
measurements are then inaccurate,

- non linear increase of the G@oncentration between the 2 set points could be observed.

This is probably due to an inhomogeneous gas repatrtition irellse e&specially when:
0] air is dried by external circulation,

(i) fresh air is injected to decrease £€ontent. This problems can be bypassed by
waiting a delay (one hour maximum) after each air injection péxdore calculating
CO; and Q evolution rates.

In all cases, it is necessary to perform amasiind accurate filtering the @@ata in
order to calculate the fermentation rate. As a consequeridaeotalculation of respiratory
kinetic are considered as the better way to obtain signifiesntts. On-line calculations are
possible (and performed in the RECEL software) but their utdisateeds some criticism.
Figure 7 is an example of an external calculation perfornmad firiginal data in order to
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obtain a significant respiratory kinetic. Some interesting olasens can be done from

Figure 7:

1- A significant respiratory activities appeared immediatdtgrathe beginning of

the cheese ripening process (D1) and increased regulaslysvepening time.

2- The CQ production rate and the,Qonsumption rate exhibited very similar

(parallel) evolutions as a function of the ripening progress.

3- The maximum C@ production rate and fOconsumption rate were reached
between D4 and D5 (about of 85 to 95 )y and then they were followed by an

important activity decrease.

4- On D10, when cheese packaging occurred, the @@duction rate and the,O

consumption rate were very close (about of 40°gin

5- The cheese packaging and the temperature reduction (from 12@) pr6¥oked

a strong reduction in respiratory rates (from 40 to 2¢.gim

4. Conclusions and future works

The respiratory cells which were designed, banit tested are now
considered as tools allowing accurate studies of cheese riganming packaged and
packaged conditions in relationship with the cheese respirattisytyacThey are
available for the further studies planed in the WP6.1.4rprome, and focused on :

(1) ripening kinetics of different experimental cheeses (€aibvert and Saint
Nectaire type cheeses)
(i) role of some different packaging films on cheese ripekingtics.

For the packaged cheeses, the packaging films evolution versamgiand the
interactions between the cheese matrix and films will be exduiti collaboration
with ACTIA LNE.

On an other hand, information about these respiratory ngpeeils design
and performances will be communicated to professional orgemmsaind partners
of the cheese and packaging industries in order to promote thesatinii as
research tools for SMEs and largest companies.

11



