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t: The aim of this paper is to sele
t the main rea
tions of a biopro
essfrom a set of plausible metaboli
 pathways provided by expert knowledge. Weuse a methodology aiming at determining the pseudo-stoi
hiometri
 
oe�
ientmatrix of a ma
ros
opi
 mass balan
e based model. First, the size of the system isidenti�ed and a subspa
e where the biopro
ess dynami
s lives is established. In ase
ond step, the set of a priori plausible rea
tions is 
ompared with the identi�edsubspa
e and the most adequate rea
tions are sele
ted. This approa
h is appliedto 
heese ripening experimental data. As the main result the method leads to theidenti�
ation of a metaboli
 network that 
an be the base for dynami
al modeldevelopment.Copyright 
©2007 IFACKeywords: Modelling, Identi�
ation, Cheese ripening, Metaboli
 network.

1. INTRODUCTIONThe ripening pro
ess is one of the most importantsteps for many 
heese makers. Cheese ripening isa solid substrate fermentation based on a 
omplexe
osystem 
omposed of ba
teria, yeast and mould.For example, 
onsidering only non la
ti
 a
id ba
-teria, Ogier et al. identi�ed 14 to 20 spe
ies fordi�erent 
heese types (Ogier et al., 2004). Devel-opment of a ripening mi
robial 
onsortium, asso-
iated with residual la
ti
 a
id ba
teria a
tivities,leads to organolepti
 features of the 
heese: (i)rind apparition (mainly 
omposed of Peni
illiumCamemberti in Camembert), (ii) texturization de-pending on dea
idi�
ation, proteolysis and liposy-sis, and (iii) aroma 
ompounds produ
tions.For 
heese ripening, several studies des
ribe thegrowth 
hara
teristi
s for a given spe
ies ,e.g.

(Aldarf et al., 2006; Riahi et al., 2007; Barba etal., 2001), but to our knowledge, a ma
ros
opi
model of 
heese ripening does not exist.Ma
ros
opi
 modelling 
an be used to base on-line tools for 
ontrol and diagnosis of biopro
esses.It is also an interesting way to 
hara
terize themain phenomena that take pla
e, espe
ially whena 
omplex e
osystem is used. In the 
onsideredapproa
h the system is represented by a limitednumber of rea
tions, whi
h are assumed to repre-sent the main mass �uxes throughout the system.This paper is based on a two step methodologyaiming at identifying the stru
ture of the pseudo-stoi
hiometri
 (PS) 
oe�
ients matrix (Bernardand Bastin, 2005a; Bernard and Bastin, 2005b).The �rst step 
onsists in evaluating the numberof rea
tions to be taken into a

ount using a prin-
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ipal 
omponent analysis. In the se
ond step theunknown 
oe�
ients are 
omputed by introdu
ingadditional 
onstraints in the PS matrix.In the present study, the aim is slightly di�erent:A set of realisti
 theoreti
al rea
tions is assumedthat may represent the 
heese ripening (i.e. themetaboli
 pathways identi�ed for the di�erentspe
ies), and we determine among this set thosewhi
h are mainly triggered. More pre
isely, theidea 
onsists in 
omparing ea
h theoreti
al re-a
tion (represented by a ve
tor of Rn) to theve
torial subspa
e identi�ed together with the PSmatrix stru
ture.This approa
h is used on data 
olle
ted alongthree experimental ripening runs of surfa
e-mould
heese (Camembert-type).2. MATERIALS AND METHODS2.1 Cheese produ
tion and ripeningSoft 
heeses (Camembert-type) were manufa
-tured in a sterile environment as previously de-s
ribed in (Le
ler
q-Perlat et al., 2004). 45 
heesesper produ
tion run were manufa
tured. Afterdrainage, the 
heeses were asepti
ally transferredto a sterile ripening 
hamber (volume = 0.99 m3,regulated at 13◦C); this point was 
onsidered asthe initial time. Ripening duration is 14 days,the 
heeses were turned over on day 5. The at-mospheri
 
hanges were des
ribed with CO2 andO2 sensors. Sin
e the ripening 
hamber was usedwithout an input air�ow, the variation of these gas
on
entrations depended only of ex
hange withprodu
ts. During the ripening, a 
heese was re-moved daily for analysis of la
tose and la
ti
 a
idat the rind and at the 
ore level (see (Le
ler
q-Perlat et al., 2000) for more details). Three runswere realized. They were 
arried out with a pe-riodi
ally renewed atmosphere: if ne
essary, theCO2 
on
entration was de
reased to 2% by a 6m3/h �ow rate daily air inje
tion. In pra
ti
e, theatmosphere was not renewed ex
ept 30 min perday.2.2 Determination of the number of rea
tions2.2.1. Biopro
ess dynami
al model The generi
model of a multi-
ompartment biopro
ess 
an bewritten as follows:
dξ

dt
= Kr(t) − v(t) + φ(t), (1)where ξ = (ξ1, ξ2, . . . , ξn)T is the set of bio
hemi-
al 
on
entrations, whi
h des
ribe the biopro
essstate. v(t) is the net balan
e between in�ows andout�ows and φ(t) represents the �uxes betweenthe 
onsidered 
ompartments. The term Kr(t)

represents the transformation phenomena in thebiorea
tor. r(t) = (r1(t), r2(t), . . . , rp(t))
T is ave
tor of the rea
tion rates; it is supposed todepend on the state ξ and environmental fa
tors.Matrix K is the pseudo-stoi
hiometri
 matrix as-so
iated with the ma
ros
opi
 rea
tion network.The 
oe�
ient Kij , i = 1, . . . , n and j = 1, . . . , prepresents the relationship between the jth rea
-tion and the ith 
on
entration. A positive Kijvalue is related to produ
t biosynthesis, whilesubstrate 
onsumption is observed when Kij isnegative; if Kij = 0 this spe
ies is not involvedin the jth rea
tion.2.2.2. Dimension of the rea
tion network In ama
ros
opi
 approa
h, the aim is to de�ne thesmallest number of rea
tions that 
an represent
on
entration dynami
s keeping a biologi
al andbio
hemi
al meaning. Let us denote

u(t) =
dξ

dt
+ v(t) − φ(t)From equation (1) we have

u(t) = Kr(t)

K is assumed to be a full rank matrix, otherwise,it would mean that the same dynami
al behaviour
ould be obtained with a matrix K of lowerdimension, by de�ning appropriate rea
tion rates.The determination of the dimension of the u(t)spa
e is a 
lassi
al problem in statisti
al analysis
orresponding to the prin
ipal 
omponent analy-sis. To address this question, u(t) is 
onsidered at
N time instants with N > n and we gather theseve
tors in a matrix U . The number of rea
tionsis then determined by 
ounting the number ofnon zero singular values of UUT (Bernard andBastin, 2005b).In pra
ti
e, with experimental data, there are nozero eigenvalues for the matrix UUT due to per-turbations (e.g. measurement noise, numeri
al ap-proximation of the derivative). But note that thesingular values 
orrespond to the varian
e asso
i-ated with the 
orresponding eigenve
tors (inertiaaxis)(Johnson and Wi
hern, 1992). The method
onsists thus in sele
ting the p �rst prin
ipal axes,whi
h represent a 
umulated varian
e larger thana �xed threshold (e.g. 90%).2.3 Pseudo-stoi
hiometri
 matrix identi�
ationLet ρ be the n × p matrix made of the p �rsteigenve
tors of the n × n matrix UUT . ρ is anorthonormal basis of ImK. Therefore, there existsa p × p matrix G su
h that

K = ρGTo identify G (and thus K), p2 additional stru
-tural 
onstraints from the a priori knowledge on
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