
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




111
1
·
0 

I.I 

,, 11111 1~ ~111! 5-

u: I 
J~ 

" 11111
2·0 

111111.a 

111111.
25 

11111.1.
4 

11111
1
·
6 

MICROCOPY RESOLUTION TEST CHART 
NA Tl()Nl\t fll JJ!f All !H '; f ANfJMlfl', 

';Tl\NfJMITl flfTflHNCf MATHllAI llllrl.1 

11\N',1 ,1nrl l',<1 ff';' f:HAHT Nn !1 



United Nations Industrial Development Organization 

Symposium on the Importa..~ce of Lactic Acid Fermentation 
in the Food Industry 

Mexico City, Mexico, 27 - 29 November 1984 

~CROBIOLOGY OF CHEESE LACTIC 

. FERMENrATION~ 

Prepared by 

** J-L. Bergere 

Distr. 
LIMITED 

ID/a;.431/6 
1 April 1985 

ENGLISH 

* The views expressed in this paper are those of the author and do not 
necessarily reflect the views of the Secretariat of UNIDO. This document 
has been reproduced without formal editing. 

** Director of Research, Laboratoire de Microbiologie Laitiere - I.N.R.A. 
78350 Jouy-en-Josas, France. 

V.85-24671 

r 



I. 

:nrrRODUCTl\JN 

- ii -

·"· .... ~ t ~· . ~· -
, CONTENTS ~ ... 

.. 

ECOLOGY AND CLASSIFia.TlON OF 'tilE LACTIC ACID BACTERIA 
I>~TOLVED IN CHEESE PRODUCTION 

1 - 2 

2 - s 

II. 'DIE PROPERTIES OF LACTIC ACID BACTERIA AND THEIR ROLE 
IN CHEESE-MAKING 5 - !2 

III. GllOWTB CONDITIONS OF LACTIC ACID BACTERIA IN CHEESE­
HAKING 

Table l: Per Capita Cheese Consumption in Some 
Countries 

Table 2: Cheese Production ('J83) 

Table 3: Main Classes of Cheeses 

Table 4: Lactic Acid Bacteria (lab) in the Main 
Types of Cheese~ 

Table 5: So~ Properties of Streptococci and 

12 - 15 

16 

17 

18 

19 

Leuconostoc from Cheese ~~ 

Table 6: Some Properties of Lactobacilli from Cheese 21 

Table 7: Main Features of the Coagulating and Draining 
Method" used in Cheese-making 22 

Table 8: Inhibition of Spoilage Bacteria and Pathogens 
by Lactic Acid Bacteria 23 

Table 9: Some Spoilage of Cheeses by Lacie Acid Bacteria 24 

iigure l: La;tose and Galacto»e Uptake antl DisJmiliation 
in Lacie Acid Bacteria 27 

Figure 2: Cellular Location and Jlole of Proteinase and 
Peptidase Activities in Lactic Acid Bacte1ia 28 



- iii -

Figure 3: casein Breakdown during Oleese llipening 29 

Figure 4: Altemative Pathways of Pyruvate Dissiailation 
in Lactic Acid Bacteria 30 

Figure S: T'~rature Ouanges in Gruyere Oleese during 
Pressing (Ambient Temperature 24°) 31 

Figure 6: Growth Curve of 'l'her.ophilic Bacteria 
in Gruyere 32 

Figure 7: Lactic Acid Content in A 1-old-day Gruyere 
Oleese 33 

Figure 8: Lactose Fermentation and Lactate Foratton and 
Fermentation During the .Manufacture and the 
llipening of &mental Cheese 34 

Figure 9: Counts of Mesophilic Streptococci in Making 
Qieddar Qieese 35 

REFERENCES 36 - 38 



- 1 -

I t:TRCl>U CTI a. 

In all ages lactic acid bacteria (LAB) have played an important part in 

the production of dairy products =md notably in that of cheeses. Their 

use moreover goes back to times when their very existence was unknown. 

The LAB originate from the adventitious bacterial flora of the mflk 

that h left to develop until it caus~s .coagulation. Then milk or 

whey-soured preparations ~ere used naturally as vat bases or starters. 

These methods vere the general rule until the beginning of our century 

after which they have only rrgres~ed very prorreuin•ly. They are 

moreover still used in regions wh~re cheese is still produced in the 

farm or in small factories along techniques similar to those of cheese­

former days. This is the case in Europe in regions from ~nich certain 

cherses such as cooked or hard cheeses originate. 

cerns a s1Dall quantity of the cheeses produced. 

But this only con-

1 n fact traditional 

methods of cheese production have greatly changed over the past thirty 

years with modifications of the conditions of production and preserva­

tion of the milk and the introduction of mechanizatfon into cheese­

JDaking. ·;he production times are very often shortened and the quanti­

ties of milk processed in each plant have become very high even up to 

1,000,000 litres/day. The LAB from the adventitious flora of the milk 
r • . 

and the natural artisanal but over-hazardous startt::rs have been repla-

ced by selected cultures supplied by Dairy Research Centr~s or specia­

lized firms. ilfth these starters and their more clearly deff ned cha­

racteristics it has been possible to rationalize product ion conditions 

·and obtain better quality and more reproducible products. 

Cheese production is a very important part of the dairy in~ustry and et 

world scale ft now stands at 10 mil,fon tona per year corresponding in 

value to 20 % of the total value of f~rmented food products (Table 1 ). 

Cheese consUlilption fl constantly evolving even in countries which were 

al reedy accustomed to consume a lot. Thi• 11 the case for example in 

France where annual consumption per capita has increased in ten years 

from 14.7 to 19 kg (Table 2). 
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The cheese industry is therefore an important fermentation industry 

which uses and produces, at the same time as the cheese, large quuati­

ties of LAB without counting the other mfcro-orgar.Jsms involved Jn ri­

pening. Thus in France it is considered that cheese-u:akfng involves 

500 to 1,000 t of LAB (h~mfd wei&ht). The world production of cheese 

bulk starter cultures was estimated at 1.5 million tons in 1978. 

The main role of the LAB is to transform the lactose into iactic acid. 

The lactic acid thus produced c:ontr:ibutes to the 1:02sulation ;.nd t~xtu­

re formation of the curd by favouring the drainage of water. But as ~e 

shall see further on this is not the only role of lactic bacteria in 

cheese-making. 

There are numerous varieties of cheese (I.D.F. Catalogue, 1981) ~~ose 

characteristics above all depend on the quantity of water eliminated 

during the production (Table 3) and the way in ~ilich the different LAB 

cultures are used to obtain this. Secondly the characteristics of each 

of these varieties depend on the ripening conditions and the other 

micro-organisms which then develop inside or on- the surface of the 

cheese. 

It would be too long and t lresome to review the way in which the LAB 

are fnvo.1ved in the dffferent types of cheese which exist at present 

all the more so in that there are sany points in common. Thus in this 

review paper we shall remain at a fairly general level. \le shall exa­

mine in succe;sion the species "1hfch are involved in the lilain types of 

ch~~se, the~r properties and their role in the production of the chee­

se, the most import ant !actors influencing their development together 

with the way of using them. 

I. ECOLOGY AND CLASSIFICATION OF THE L1CTIC ACID BACTERIA INVOLVED IN 

CHEESE PRODUCTION 

Sn·eral spe .... • of LAB belonging tn the Streptococcu1, Leuconostoc, 

Pl!d.Sococcus and LactobacU 1 u1 genera develop in cheeses, whether con­

tributed to the milk in the form of starters or else orig.Snatfng from 

the mU k's adventitious fl or a or the envf ronment of the cheesewc.rks 

• 
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(Table 4) (OIAPMAN ancl SP.ARPE, 1981 

AUCLAIR ancl ACCOLAS, 1983). 

Sfl~RPE, 1979 DALY, 1983 

The species involved in the greatest number of cheeses are the aesophi­

lic streptococci of the N serological group, S. cre~orfs, s. lactfs and 

to a Jea~er desree s. Jactfs su~sp. ~iace:vlactfs. The first t~o a~e 

widely used in starters because they are ho111olactfc and only produce 

very small quantftfes of secondary products in the •ilk such as acetic 

acid and diacetyl. Jn return the third one Is capable of-usfng citrate 

and producing C02 and diacetyl from ft (Table 5). 

The natural habitat of these lactic streptococci :Is still uncertain. 

Although they do not \lrigfnate from the udder, they are Invariably 

found in raw •fl k. S. lactfs is the predominant species whereas 

s. cre~otls Is less frequent and present in smaller numbers. The capa­

city to hydrolyse the arginin has long been used to differentiate them. 

However this distinction is more apparent than real since repeated sub­

cultures of s. lactfs Isolated from the raw milk ied to the appearance 

of va1fants incapable of hydrolysing arginin. In the same way it is 

pnssible that S. lactis are simply variants of s. diacetylactis incapa­

ble of fermenting the dtrate. It increasingly appears that these 

three species form a continuous genotypical and phenotypical variation 

spectrum (LAWRENCE and 11f0MAS, 1979). 

A fourth species of Streptococcus is al so important in cheese-11aklng, 

s. thenaophfl us ~hfch is character ht fc of cooked cheeses or hard 

cheeses but is also used today to produce certain types of soft ch~ese. 

s. thermophilus is capable of developing up to so•c, and is relatively 

thermoresistant (Table 5). It does not belong to the serological group 

N like the former and has no group antigen. It h more sens It fve to 

salt and acid than the m.'?sophflic streptococci. It• origin could be 

intestinal owing to its thermophfllc character (AUCLAIR and ACCOLAS, 

1983 ). 

Str•ptococci of group D, s. faecal is, s. fa~cfum and s. durans, can de­

velop norr.1ally In certain che•ses and have e'.'en .t;Oillet1mes been used as 

•tarter1 in hard cheeses (SHARPt, 1979). 
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Although less frequent than the streptococci, specfes of the Leuco~­

~ genus also develop In cheesPs and are added to the starters desi­

gned to produce certain cheeses. The ~ost current species in ch~~se­

making are Leuc. cre;aorfs 1 Leuc. dextranic~:a and Leuc. mesenteroides. 

These bacteria are heterofermentat.iveo prodocing lactic acid, C02, e 

little acetic acid and ethanol (Table 5). In milk Leuc. cremorfs also 

produces diacetyl froa the citrate (COGAN, 1980). 

Another important genus in cheese-•aking is the Lactobacfllus ~enus 

(Table 6). Nevertheless the two hoaoferaentative subgroups Tiler•obac­

teriu• and Streptobacteriua and the Betabacterium heterofermentative 

group are not of the sa"..le interest (SHARPE. 1979). T'1e species In the 

first group, L. helveticus and its variant L. jugurti, L. lactis and L. 

bulgaricus are specific to cooked cheeses such as Emmental, Cruyere or 

Italian cheeses such as Grana (AUCLAIR and ACCOLAS, 1983). The inte­

rest of these lactobacilU lies in their capacity to produce large 

quantities of lactic add, their capacity to stand up to the heating 

temperatures of the curd (45 to 55•c) .:md to develop at relatively high 

temperatures. These three species are present in predominant flora 

with other lactobacUU (L. fermentum and L. acidophil us) and s. ther­

mophil us Jn France in trac:Ut ional .. art fsanal.. starters produced by 

~acerating previously air-dried calf stomach in whey, whether heated or 

not, and in Italy in the natural cultures of the whey ( .. colture natu­

rali J!l siero .. ). They are also used in the form of selected starters 

but t. bulgarkus and L. lactfs are less frequently \lsed in cheese­

makinr than L. helv~tfcus (AUCLAIR and ACCOLAS, 1983 ). 

The aesophflic species Jn the Streptobacterium. L. case! and L. planta­

!.!!! species develo~ frequently in cheeses such as certain pressed or 

cooked cheeses, ehher Jn the days following production, or during ri­

pening but they are not or very Uttle used as start us, their role 

being not clearly defined (CHA~~ and SHARPE, 1981 Lt Frocage, 

1 ~84). 
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Althouab species in the het~rofermentative Betabacteriu• group. espe­

cially L. fer•entua. L. brevis and L. buchn~ri. are present in natural 

starters and can develop in certain cheeses, they are considered as 

somewhat harmful bttause they can produce off-flavours and texture or 

gas defects due to the producti~r. of C02 {atAPMAN and SH..RPE. 1981; 

Le Froillage. 1984 ). 

Lastly LAB en be found_ in certain cheeses such as Cheddar or cooked 

cheoea, belong Ina to the Pediococcus genus ; these pediococci •ulti­

ply during rfpea:lna aoaetfmo up t4 levels of 101 /a. The aost fr.­

quent speciea la P. pentosaceus (CHAPMAN and SHAllPE, 1981 ; 1URNEI mid 

THOMAS, 1980). 

11 - 111E PROPERTIES OF LACTIC ACID BACTERIA AND THEIR ROLE IN CHEESE­

M41CUIG 

Ve shall not ex•lne ~n detal the properties of the LAB but we shall 

show hov they are :Involved in cheue production. 

Firstly ft la useful to recall that this basically consists of 3 pba-

ses : 

· ~ ... the formation of a gel resulting froa the floculatfon of the casein 

aicelles : thla is coagulation or clotting of the •Ilk ; 

- the elialnatfoa of a part of the va,4r froa this gel via syneresis, 

i.e. the contr.ct:loa of the micelles which fora ft : this :Is draining 

of the curd, the liquid expelled or whey does not only contain water 

but also the soluble substances of ailk ; 

- enzymatic aaturatfon.. of the aore or less dehydrated gel : this 18 

rlpenins of the cheese for which developaent and aetabol:ls• of certain 

alero-organi••• 1• responsible. 
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2.1. 1be foraatlon of lactic .:Id froa th2 lactoae. 

Thi• 1a the essential role of the LAB In the trmsforaatlon of ailk 

into cheese. 

The lactic acid foraed is f:.rstly involved in the coagulation by love­

ring the pH i vhen the lsoelectrlc point of the casein fa reached (pH 

4 .6) floculation occurs and a gel i• formed. Coagulation of the allk 

can be obtained also by the action of rennet. In t·heeae-aaldng theae 

two aethods of coagulation are aost frequently coablned but one or 

other aay predoainate. So that for ex .. ple In the case of fresh chee­

ses, coagulation is basically 1.ctic whereas the opposite occurs in the 

case of cooked cheeses. 'Where coagulation Is obtained by rennet even 

before . .cidlficatlon bas commenced. In the case of c .. eabert cheese. 

coa3ulation Is obtained by the action of rennet vhereaa acidification 

!s already In process. 

Lactic fermentation then plays a v~ry laportant part in eli•inating the 

water froa the curds. The LAB aostly retalned in curd particles after 

cutting ferment t;he lactose and produce lactic acid which dissolves the 

ainerala and aodifies the composition of the casein. The develop•~ot 

of the .:id favours contr.ctioa of the cu!d particles and expulsion of 

the water. Simultaneously co•ponenta of the whey where of the lactoae 

l!iffuse trovards the Interior of the curd particles to replace thoae 

uaed by the bacteria (CHAPMAN and SHAllP! 1 1981 ; Le Froaeae 1 1984 ). 

Draining can be facllited by cutting the coagulaa into more or leH 

small· pieces. aore or less strong stirring, aore or leH high beating 

and finally pressing or even allllng (Table 7). According to the ahare 

of acidification aongst these operations and the aoment at which it 

occurs in production, it plays a aore or leH iaporta~t part in the 

draining ; this varies depending on the cheese produced. Thus in the 

caH of traditional C•eahert che••• whose curd Is Yery little cut, 

acidification 1• chiefly responsible for draining In the •••e way .. 

with freah cheeaes. OD the contrary, in the c••• of !llleatal, a Iara• 

part of the lactoserura is first expe1 !eel by strona cuttfn1, •tirrfng 

and heating (or .. cooking .. ) at .50-s.s•c. the ac!dff!cation aunly occur• 

during the presa!ng to coaplete the drainfng and eli•inate the residual 

lacto1~ and galacto1e (Figure 6) (AUCLAIR and ACCOLAS, 1983). 
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Rovever the acidification does not only apply to the water content mild 

pH rating of the curd, It al•o has an influence on the alneral coapo•f­

tlon (P, Ca) ..ct the texture. The greater the •hare of acidification 

in the coagulation and draining• the aore the curd :la demlneral:l&ed, 

friable, peneable a=id the leH Ura ft :la. Conversely a curd vlth 

rennet coagulation and aafnly phy•lcal and aechanfcal draining I• very 

little 'C!eaineralized, cohesive, ela1tfc and relatively 1aperaeable (Le 

Froaage, 1984 ). 

Lactic feraentation therefore plays a deterainatlng part in the coapo­

•iti,n and cbaracteri•tics of freshly produced chee•e• mid the correct 

evolution of the ripening phenoaenon hence the quality of th~ end pro­

duct vill depend on this step. 

The adaptation of the lactic feraentation to the type of cheese produ­

ced and therefore the strain of lactic acid bacteria to be used are a 

vr~*va."Clial factor. However with a given cheese, the way in which acl­

dlffcaUon lakes place hence the development of these hacteria h no 

less important. 

The aetabolis• of the lactose and Its transforaation in to lactic acid 

are already fairly veil known and notably in the aesophfllc lactic 

streptococci (Figure 1) (KANDLER, 1983). Rovever there fs still data 

to be acquired in order to obtain better aastery over lactic feraenta­

tfon in production ff only to produce aore stable and better suitu 

r;i:rains to this ,,r that product, through genetic aanlpulation. Moreo­

ver, although the aetabolisa of th~ae bacteria In culture is veil 

known, It 1• lapossible to be c~rtain that they alway• produce the saae 

products vhen they develop in -:he very diiferent envlro .. ents associa­

ted to the different stages of cheese tr•sforaation (LAWRENCE met 

THOMAS, 1979). 

2.2. Proteolyals 

Although the LAB are only •li&htly proteolyt 1c as coapared to other 

bacteria, they have a relatively coaplex enzymatic •equtpaent~ ovJaa to 

the nu11ber .ad type• of protein•••• and peptidase• which fora thea and 



- 8 -

alao tbrough the cellular diatributioa of th• enzyaea (Fiaur• 2) (LAV 

and IDSTAD 1 1913 ; DESllAZIWI> 1 1983 i !XTEllkATE, 1984). 

Th••• enzyme• are of 8PPlie4 iatereat, firatly because they are necea­

aary to the growth of the LAB la the aillt and the cheese and hence to 

acidification (LAV tmd IDSTAD 1 1983 ; DESKAZ!Am 1 1983), ad secondly 

because they play a part In the ripening of the cheeae (LAV and ICOSTAD, 

1983 i :>t;SHAZEAIJD end GU Pelf, 1977 ) • 

Aaino-acfda are • absolute requireaent or a stlaulant to growth in all 

LAI, but in ailk, the quantity of free amino-acids la fnauf ficient to 

ensure noraal growth ad .cid production. It fa therefore necessary 

that these bacteria ca:i also uae the peptides but also partiall7 the 

proteins. If the oligopeptfdea can enter into the cell and be trana­

foraed through the peptidases, it is necessary that the larger peptides 

ar.d above all the proteins be hydrolyzed via the extr.cellular protei­

nases or present in the eel 1 val 1 (Figure 2) (DESHAZEA11>, 1983). The 

existence of the latter has been dPmonstrated in particular with the 

aesophilic streptococci but •ery little is yet known conce1:ning these 

enzyaes themselves and their activity (LAV and ICOSTAD, 1983 ). Ve know 

that their attachaent to the cell wall dependb on the teaperature, the 

pH and the presence of the Ca2+ ion. Ve also know that the presen­

ce of Prot- (protease deficient) variants fa fairly frequent in aeao­

philic lactic streptococci cultures, and that the absence of proteoly­

tic activity result• from the loH of a plasaid. These variants have 

liaited grovth ancl produce little acid in the ailk but could be of in­

terest in cheese-aakiag. 

Moreover the different proteolytic enzpu of the LAI also play a part 

in the degradation of the protein• during the ripening oper•tfon (Figu-

re 3) (DESKAZEMJD ancl GKIPOll, 1977 i VISSER, 1977). Proted~1ia b ea­

aentfal to convert the ela•tlc curd into a ripe and aore or leH unc­

tuous cheese paste. Bovever it alN entails the releaH of •inoacicla 

which contribute to the foraation of the cheese'• flavour either direc­

tly, or above all u precursors of flavour coapoundr.. It b chiefly 
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the endocellular proteolJtlc enz,.a of the LAI which are lnYolved la 

thia proceaa after the l79la of the cells vhfch occur• at the be1lnnfn1 

of ripening. Although they are capable of degr.tlng the er.tire caaeln, 

t:1e1 operate 8lovly mul their aoat l•portant r~le appear• to be the de­

armation of ·the large peptlclu releaaecl by the rennin In aaaller pep­

tfclH md all!lno-aclcla. However the contribut Ion of the lac Uc bacteria 

enzyaea to preoteol79la varfea In 1aportance accorclln1 to the cheese 

becauae it alao depend• on the poaalb1Hty that the secondary flora 

have of producing Froteaaes mu1 peptidaaea which are often extracellu­

lac. 

FJuillly the aesophfllc lactic streptococci proteases bav• been closely 

i•plfcated in the fo~at!on of bitter peptides In cheeses, a defect 

which is fairly frequent at the present time (LAV and ICOSTAD, 1983 ; 

STADHOODERS, IRJP, EXTERICATE and VISSER, 1983). Various assuaptions 

h:ve been put forward but the situation, reaalnA complex. Various 

asswaptfons have been put forward but the situation remains co•plex. 

It is clear that the rennin, certain Penicilliua proteases and those of 

the LAB can produce bitter peptides. It has moreover been dlplayed in 

certain cheeses that the degree of bitterness depended on the number of 

LAB reached in the curd.. Moreover the Prot- var:ianta produce leH 

blltemeH than the parental Prot+ strain•. Finally the lactic 

streptococci exopeptld"sea are capable of reducing the bltterneaa. The 

role of the LAB In producing thia defect 1• therefore certain but fta 

iaportance depend• on the type of cheese. 

2.3. flavour production 

The foraatlon of C2 and C4 compounda· by the LAI haa been cloaely 

studied owing to their role In the ar011a and flavour of certain dairy 

product•· Thia I a especially the c .. ,. for cllacetyl which can be produ­

ced froa the citrate In the preHnce of glucose by S. diacetylacth, 

Leuc. cr•orla and certa!n lactobacUU such as L. easel (Ftaur• 4) 

(SRAllPE, 1979 ; LAWUNC! md THOMAS, 1979 ; COGAN, 1980 ; Ull>LP.I, 

1983 ). Thi• coapomul I a Involved Sa the aroaa of different typH of 

frah ch•••• fa the •••• vay •• the acetaldehyde produced by s. cliece­

!Ylactl•, on condition that the concentrat!on of thi• c~•pouncl 1• not 

too hfah· 
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Nevertheleaa, apart fr011 these compounds and for the other cheeaea, the 

situation la far leas clear and the role and importance of the LAB in 

the fonaation of the aroma anC: flavour st 111 have to be specified and 

prob.ibly depend on the type of chees~. This is moreover not simple 

because only very slight quantities of certain compounds are sufficient 

to confer a flavour (Le Fr<>11age, 1984). 

The lactic streptococci certainly play a part in flavour formation sin­

ce (SHARPE, 1979) cheeses produced by artificial acidification do not 

have the ususal organoleptic characteristics. Ho\olever, at least in 

Cheddar cheese which baa been the most <losely studied, this role could 

be limited to creating favourable conditions (pH rating, Eh, moist~re, 

etc.) in the preparation of the characteristic aroma by chemical ways 

(SHAllPE, 1979). This Is not necesGarily the case for other cheeses in 

which other species of bomofermentaUve or heterofermentative lactic 

bacteria are also Involved, whose metabolisms are far less well know. 

Moreover, even the mesophUic lactic streptococci have alternative 

aetabolfc pathways (Figure 4) whose regulation is not well known 

(LAWRENCE and 1110HAS, 1979 . K.ANDLER, 1983) and which could, In the , 
conditions of the cheese, lead to the formation of aromas or of their 

~recursors. 

finally as has been stated previously, the LAB can indirectly contribu­

te to· p·:oclucing aromas through amino-acids that they rel ease. These 

one may be used by other micro-organisms to produce flavour compounds. 

2.4. The production of co2 and the eye formation 

LAI producing co2 such as s. diacety: acth and certain strains of 

Leuco110atoc are considered as useful in the production of certain chee­

ses either for so•• •eye• formation in the case of Gouda for ex•ple, 

or to obtain a desired open texture and holes in view of the develop­

aent of aoulda in blue-veined cheeses (CHAPMAN and SHAJlR, 1981 ) • In 

th• caH of Roquefort for exaple, Leuc. dextranicua is used in addi­

tion to th• acidlfying streptococcal starter. 
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Per contra, in other cheeses, these bacteria together with the hetero­

feraentatlve lactobacilll can be responsible for the for•ation of holes 

or blowing of fib.-wrapped cheeses (CHAPMAN and SKAR.PE, 1981 ). This h 

for ex•J>le the case when the starters contain too auch species using 

the citrate, such as S. diacetylactis (COGAN, 1980). 

Finally It must be remembered that the homofermentative lactic bacteria 

are also potentially capable of producing co2 froa pyruvate, lactate 

or certain amino-acids (KANDI.ER, 1983 ; SHAllPE, 1979 ; LAV and ICOLSTAD, 

1983 ). Ttais Is no doubt involved in the conditions which prevail in the 
-

cheese without necessarily causing d•age. It has been observed for 

ex•ple, in Eaaental, that a quite considerable quantity of C02 does 

~?t originate froa the propionic !ermentation responsible for eye for­

aatlon ( FLUCICI GEil, 1980 ) • 

2.5. The inhibition of seotlage micro-organisms and pathogens, and the 

stimulation of useful bacteria. 

The products of the LAB aetabolis• and the components that they rel ease 

by autolysing in the cheeses can influence the microbial !lora useful 

In the ripening of cheeses. They can sti•ulate the growth of L. easel, 

L. plantarum, propionic acid bacteria and other useful mkroorganh•s 

(SHARPE, 1979). 

Conversely the LAB play a capital part in the Inhibition of undesirable 

bacteria (Table 8) (SlMCltETrl et al., 1982 ; LAVJlENCE, THOMAS mu! 

TEllZAGHi, 1976 ; SHARPE, 1979 ; BERGEIE et al., 1978 ; BABEL, 1977 ; 

JIJRST, 1973). This inhibition results in the coapetftfon for the nu­

trients, the reduction in the pH ratio& and the redox potential. In 

••Y cheeses it ~· especially laportant that a ••xi•ua •ount of 1.cto­

•e, ii oot all, be aetaboUzed by the LAB. The Inhibition .iso raults 

;r:roa the production of •ore or less specific inhibitor compounds : the 

1.ctate itself, the acetate, the R202 produced by certain lacto'ba­

cilli or known m1tlbiotlc• such as nisin produced by certain s. lactls 

straf~• or still again to be identified in Lhe case of lactobacillt. 
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2.6. Defect• formation 

In addition to the faults referred to such as bitterness or gas ~roduc­

tfon, certidn LAB froa starters or developing naturally in cheeaea can 

be the cau11e of various flavour, aroaa or colouring defect• (TabJe 9) 

(SHAit.PE, 1979 ; le Froamge, 1984). 

III - GROWTH CCH>ITIONS OF LACTIC ACID BAcnlt.IA IN CHEESE;wcxNG 

The grovth of the LAB and their .cid production in afllt ad cheese de­

pen:I on a whole aet of factors. In the first place this depends on the 

LAB forai•ig the starter. The latter only -,,ery rarely contains one sin­

gle strain but conaf ata of several species and often several strains 

per species, which differ according to ttie type of cheese produced 

(COGAN, 1980 ; DALY, 1983 ; AUCLAIR and ACCOLAS, 1983 ). However t~e 

balance between these strains or species can also vary between the 

moment at vhich it was constituted and that at which ft vas added to 

the cheese-maklng milk (C(x;AN, 1980 ; LAWRENCE, THOMAS and TERZACHI, 

1976). In fact, Jn addition to the phenomena of stimulation or inhibi­

tion between strains, their grovth rates can be influenced by the con­

ditions in which the starter vas prepared : teaperature, aaximlm acfdi­

ffcatfon level, number of aubcultures. With the aesophflJc strepto­

cocci this can be accentuated by the devel?p•ent of variants havina a 

more or leas high capacity to produce the lactic acid lo the aflk. 

Moru>ver the capacity to resist the acid varies according to the 

strafn. 

Next, the grovth of the LAI is Uable to be influenced by the coapost­

tion of tne ailk which can change dependina on the stage of lactation 

of the cows and diet. Nevertheless this has not been clearly demons­

trated and the phenomenon, if any, is certainly more iaportant when the 

ch•••• is produced on a ••all scale froa the aillt of a single herd or 

aniaal species vith seasonal dairy production than in induatrJal pro­

duction obtained vfth afxecl milks of all origir". The inhibitor subs­

tances resultina froa bad milk-production conditions or aastitis treat­

aents vi th .itibfotfcs cert•f nly have more effect (LAWRENCE, nlOMAS mid 
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TEllZACHI • 1976 ; Le Froaege, 1984 ). The natural :lnhib:ltora of allk. 

lactoperoxydue-thiocyanate-820:? ayatea and agglutinins can aleo be 

Involved. However these latter are to- a great extent inactlvate4 by 

the heating and are only i•portant lo the case of freah cheeses. 

Laatly the grovtb of the LAB aid their acid produetlon depend on the 

conditiom ia vblch the cheese i• produced. llevertheleaa the prC>Cluc­

ti<-'n proce•••• have varied too auch to be d.:acuaaed here. For the 808t 

current aped••• the growth par•eter~ In the allk ad the relation• 

existing between the• mcl the .:id production are fairly vell knovn aid 

can be controlled (COGAN, 1978 .ad 1980 i TAYEB, BCIJILLANNE and DESHA­

ZEAUD. 1984). However It la difficult to extr11polate because the cel­

lular eovlroment in the liquid cultures ia very different froa 1itat 

occur:• in cheese-aaking were the nature of the env:lronaent is continu­

ously evolving. Io the curd the bacteria are included in a gel md 

tend to develop in colonies. In these conditions the grovth ancl pro­

duction of acid are governed by the avallabillty of the nutrient• md 

the dlf ~•ion of the fenaentatfon products. Moreover• lo amy cheeses 

the greater part of the lactose is often elfafnated. vith the whey even 

before lactic feraeotatioo develops, thf • is especially the case for 

cooked cheesea. Moreover, in addition to the pH, the temperature to 

vhfch the curd i• aoaetlaes subjected can be a li•iting factor in the 

procluct~on of certain cheeaea. For ex .. ple in Cruyere cheese the te.­

perature fa laportant. When the •as• of curd (S0-80 kg) is taken out 

of the vat and preHed • ft• teaperature fa approxlaatlvely 50•c. Du­

rina pr•8ln1 the teaperature falls alover in the centre than fn the 

periphery of the cheese (Figure 5). Consequently the growth of bacteria 

is aore rapid. lactic acid production ls aore intense ad higher n..­

bers of cell• are attained in the peripheral zone than :In the central 

one (Figure 6) (AUCLAIR and ACCOLAS, 1983 ). In thla latter zone the 

temperature rewalna tvo high during the :Initial hour• and when it .is 

favourable, the starter vlll no longer have aufffcfeat lactoae availa­

ble to develop optiaally. Theae data are corrobored by the lactic .:ld 

content la different zones of the 1-day-old cheeae (Ff1ure 7). Lac:to­

bacilli is aore aenaitive to the high teaperature and grows later than 
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s. theraophtlus (Figure 6) but it aetabolizea the galK.toae relea••d by 

s. t?lermophUus (Figure 8) md controls the final pB of the chee•e· 

Therefore thesf! tvo speci's are required to obtain a cheese of good 

qu.U.Jty. 

Thr growth and production of acid continue for a aore or less long tiae 

aceording to the quantity of lactoae a-vailable, the teaperature at 

which the cheese 1s placed and the aethod and tiae of aal ting ('IURNEll 

and 1l!OMAS, 1980 ; CRAPHAH and SRAllPE, 1981 ). Salt ia added either 

early onto the loose curd before pressing as in Cheddar cheese (Figure 

9) or later by spreading on the 1-day old cheese as in Caaeabert cheese 

or by imaersing the wheel under brine as in Emaental cheese (Figure 8). 

Next, although a part of the LAB froa the starter dies within the days 

following production, a relatively large quantity reamns for a fairly 

long tiae, but this depends on the cheese. ·Moreover it is fairly fr~ 

quent that other LAB from th' ailk or environment aultiply during the 

ripening (see 1st chapter). 

Apart froa the different factors which have been referred to, there i• 

another and very Important one. Thie is the attack of the LAB b} bac­

teriophage& which is very often the cauae of acidification irregulari­

ties in cheese-malting and soaetiaee of very considerable delays in the 

evolution of this process (LAVUlfCE, THOMAS md TERZAGHl , 197 6 ; 

LAWllENCE and THOMAS, 1979 ; AJJCLAlll and ACCOLAS, 1983). These acci­

dents have beco•e Jncreaatngly i•portant vith th~ generalized use of 

starters and the evolution of the cheese-aaltlng indU8try which every 

day handles increa•ingl• large quantltfea 6f aflk by multiplying the 

production batches in the saae vat. 

Means do exist to preven~ the infection of the starter cultures (DALY, 

1983 ; 111.JNEU., SANDINE ad BO>YFELT, 1981 ; COGAN, 1980 ; SANDINE, 

1977 ; LAWRENCE, THOMAS and TERZAGHI, 1976). But ft is far more dif­

ficult to avoid it during cheeee-•aldng vhfch cannot be done from ate­

rile allk and la aseptic coadftfons aa is the case for the fermenta­

tion .industry. The way• of guarding against theae phage attacb alao 
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life in the choice of •uitable atarter• and in the conditiona of thair 

use. However the prcblem is far from being •olvecl in all countri~•, 

notably in Europe and Fnmce in particuliar, in v:lev c-f the diversity 

of the cheese• produced and the various type• of starter required for 

their production. Lectic-startera and bacterlopbagea are the subject 

of other papers in this Syaposiu• so that they will not be d:lacuaaed 

here. 
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TA!LE 1. PER CAPITA CHEESE CONSUMPTION IN SOME COUNTRIES 

(1981, KC/YEAR) 

FRANCE 18.9 

WEST-EUROPE (other C.) 10-14 

U.S.A. 10,.8 

FIHLANDE 8.6 

NEV-ZEAI.ANDE 8~5 

CANADA 8.2 

UNITED KINGDOM 6~4 

SPAIN 3~8 

SOUTH AFRICA 2.0 

JAPAN 0.7 

(Source l.D.F.) 
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TABLE 2. CHEESE PRODUCTION (1983) 

(THOUSAND TONS)* 

WEST-EUROPE 3 870 

(FRANCE (1 230) 

EAST-EUROPE 610 

U.R.S.S. 665 

NORTH-AMERICA 2 405 

(U.S.A.) (2 061) 

SOU'l11 AMERICA 534 

SOU'l11 AFRICA 34 

ASIA 12 

OCEANIA 268 

(AUSTRALIA) (143) 

(NEW-ZF.AI.AND) (125) 

-------------------- ----------------
TOTAL 8 764 

TOTAL IN THE WORLD, ABOUT l°O 000. 

*Source U.S.D.A. (estimation). 
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TABLE 3. HAIN CLASSES OF CHEESES ---
WITH SOME REPRESENTATIVE TYPES AND THEIR ORIGIN 

CLASSES MOISTURE(%) FAT IN DRY WEIGHT RIPENING 
(TYPE OF CONSISTENCY) MAX. HATTER(%) (KC) (t«>NTIIS) 

MIN. APPROXIHAT.) 

- RIPENED CHEESES 

- VERY HARD 

ParmesaTI-Grana (ltaly)(1) 33-34 32 24-40 24-48 

- HARD (with eyes) 

Emmental {Swiss-France)(1) 38 45 60-130 3-12 
Gruyere de Comte(France(2) 38 45 20- 55 3-12 

- HARD (without eyes) 

Cheddar. (GB) (1) 39 48 4- 30 4-12 
Cantal (France) (3) 42 45 35- 50 2-12 

- SEKI .;.ilARD 

Gouda (Holland) (1) 42,5 48 2,5-30 2- s 
Stilton (GB) {2) l7) 42 48 4 - 8 6 

- SEMI-SOFT 

!aint-Paulin(France)(4) 56 40 1,3- 2 1- 2 
Roquefort (France) (6)(7) 45 54 2 3-12 

- SOFT --
Miinster (France) (4) 60 40 0,3-0,9 1- 2 
Camembert(France) (5) 56 40 0,25 1 
Brie (France) (5) 56 40 1,2-2,3 1 

- UNRIPENED CHEESES 

White or fresh cheeses 60-82 0 to 60 

(1) Hard, dry rind (2) hard rind with smeary surface (3) soft, dry rind 

(4) soft rind smeary surface (5) soft rind with vhite mould 

(6) no rind (7) interior : blue-green 110Uld veins. 



TABLE 4. LACTIC ACID BACTERIA (LAB) IN THE MAIN TYPES OF CHEESES 

HARD-PRESSED CHEESE e.g. CHEDDAR., GOUDA (1) 

BLUE-VEINED CHEESE e.g. ROQUEFORT (2) 

SEMI-SOFr e.g. ST-PAULIN 

SOFr-cHEP.SE e • g. CAMEMBEllT 

UNllIPBNED CHEESE e.a. COTrAGE C.(1) 
FRENCH WHITE CHEEt 

HARD CHEESE WITH EYE e.g. EHM!NTAL 

VERY HARD CHEESE e.g. PARMESAN 

son OR. SEKl-SOFr CHEESE e.g. LIMBl.'llGER. 
GORGONZOLA 

ITALIAN PASTA FILATA e. ~. HOZAUL!..A 
PKOVOLONE 

1) 

} 

USED AS STARTERS 
I 

MESOPHILIC LAB 
S. I.ACTIS 

PRESENT OR NOT IN THE 
NATURAL FLORA 

LEUC. SPECIES 

S. I.ACTIS SUBSP. DIACETYLACTIS L. CASEI 

S. CREMOR.IS L. PLANT.ARUM 

WITH Oil WITHOUT PEDIOCOCCI 

t.EUC. CREMOR.IS ( 1) S. FAECIUM 

OR LEUC. DEXTRA.NtCUM (2~ 

THERMOPHILIC LAB -· 
S. THERMOl'RILUS 

WITH L. HELVETICUS 

L. LACTIS 

OR L. DULGAR.ICUS 

MIXED STARTERS 

(MESOPHILIC WITH THERMOPHILIC) 

~. FAECAi.IS 

• • • • • • 

L. CASEI 

L. PLANT.ARUM 

HETEROFERMENTATIVE Lb. 

PEDIOCOCCI 

STREPTOCOCCI D 

... 
'° 
I 
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TABLE S. SOHE PROPERTIES OF STREPTOCOCCI AND LEUCONOSTOC FROM CHEESE 

FERMENTATION OF GLUCOSE 

/ 
HOl«>FERMENTATIVE 

(L+LACTIC ACID) 

(ENTEROCOCCI) :STREPTOCOCCI 
.... 

HETEP.OF.ERMENTATIVE 

(D-LACTIC AND 

ACETIC ACIDS. 

co2• ETHANOL ) 

LEUCONOSTOC ,,, 
MESOPHILIC THERMOPHILIC 

GROWTH AT 10•c + ... 
GROWTH AT 45•c + + (At so•c> 

SURVIVE 6o•c,30 MIN + + 

GROWTH IN 6,5 % NACL + 

s. FAECIUK S. I.ACTIS !.· THER.'fOl-HILUS 

s. FAECAi.iS S. I.ACTIS 
SUBSP.DIACETYLACTIS 

S. CREMORIS 

NHl FROM ARGININE : S. I.ACTIS AND DIACETYLACTIS 

CITRATE UTILIZED : S. DIACETYLACTIS, LEUC. CREHORIS. 

% NaCL INHIBITING : 4-6 % S. I.ACTIS, ~!ACETYLACTIS 

2-4 % S. CREHORIS --
< 2 % S. THERHOPRILUS 

+ 

LEUC. CREHORIS 

LEUC. DEXTJWU.-
CUM 
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TABLE 6. SOME PROPERTIES OF LACTOBACILLI t~OM CHEESE 

CROUP 

GROWTH AT 1s•c 

GROWTH AT·4s•c 

JlIBOSE 

CLUCOUATE 

FERMENTATION OF GLUCOSE 

/ ~ 
HOMOFERMENTATIVE 

{LACTIC ACID) 

I ~" 
THERHOBACTERIUM-

+ 

L. BULGARICUS 

L. LACTIS 

L. HELVETICUS 

L. ACIDOPH~ 

STllEPTOBACTERIUK 

+ 

+OR -

+ 

+ (CAZ) 

L. CASEI 

L. PLANTARUM 

HETEROFERHENTATIVE 

{LACTIC AND ACETIC 
ACIDS. co2. ETHANOL) 

BETABACTEllIUM 

+ 

+ 

+ + 

+ (GAZ) + (GAZ) 

L. BREVIS L. FERHENTUM 

L.BUCHNERI 

LACTIC ACID :>RODUCED IN MILK : 2-2.S % L. HELVETICUS (DL) 

(AND ITS ISOMERS) 
"1. 7 % L. BULGARICUS, LACTIS {D-) 

,1.5 % L. CASEI (L+) 

,o.S % L. PLANTARUM (DL) 
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TABLE 7. HAIN FEATURES OF '111E COAGULATING AND DRAINING KE1110DS USED 

IN OIEESE-MAKING 

NATURAL DRAINING VERY SLOW COAGULATION WITE CHEESES 
(ONLY DUE TO SLOW COAGULATION BRIE 
ACIDIFICATION) QUICK COAGULATION CAMEMBERT 

(TRADITIONAL) 

CUTTING ROQUEFORT 

CUTTING-STIRR!NG TILSITT 

DRAINING CUTTING-STIIUWfG GOUDA PRESS INC FACILITATED BY : 

CUTTING-STIRRING 
CHEDDAR PRESSING-MILLING 

CUTTING-STIRRING EMHENTAL "COOICING"-PRESSlt«; 

THE ~H OF FRESH CHEESE IS 4.6 - 4.8 IN HIGH ACID VARIETIES (e.g. CAMEMBERT) 

AND 5.0 - 5.2 IN CHEDDAR AND F.HMENTAL. 
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INHIBITION OF SPOILAGE BACTERIA 

AND PATHOGENS KY LACTIC ACID BACTERIA 

INHIBITION RESULTS FROM : 

COMPETITION FOR NUTRIENTS e.g. LAC.'TOSE 

DECREASE IN pH AND REOOX POTENTIAL 

FORMATION OF COMPOUNDS : 

• LACTATE 

• ACETATE (S. Dl.\CETYLACTIS, LEUC., LACTOBACILLI) 

. u
2
o

2 
(LACTOBACILLI) . 

• J..NTIBIOTICS : NISIN (S. LACTIS) 

ACIDOLIN (L. ACIDOPHILUS) 

ACIOOPHILIN .... 
• OR ANTIBIOTIC LIKE SUBSTANCES 

(STREPTOCOCCI, LACTOBACILLI) • 
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TABLE 9. SOME SPOILAGE OF CHEESES BY LACTIC ACID BACTERIA 

CHEESE SPOILAGE CAU~E ORGANISM 

• 

CHEESE BRINES ROPINESS POLYSACCHAR.IDE Lb. 
SLIME 

ITALIAN PINK OXYDIZED Lb. 
GRUYERE DISCOLORATION CHEESE SUBSTRATE 

CHEDDAR RED-ORANGE GROWTH OF Lb. 
GRUYERE "RUSTY SPOT" PIGMENTED BACTERIA 

VARIOUS BITTERNESS PEPTIDES STARTER STREP. 

CHEDDAR FRUITINESS ESTERS STARTER STREP. 

' I HARD CHEESE 
J 

TEXTURE DEFECT I co2 STREP., Lb. HE-
BLOWING FILM TEROF. 

SOFT, SEMI-HARD TEXTURE DEFECT C'.02 LEUC. 

GRUYERE-EMMENTAL EARLY BLOWING co2 Lb. HETER.OF. 

SECONDARY FER.MEN- co2 Lb • , ENTEROC. 
TAT ION STIHULA'!'ION 

OF PROPIONI-
BACTERIA 

EDAM, GOUDA TEXTURE DEFECT C02 Lb. 

I 
OFF FLAVOUR PROTEOLYSIS 

-
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FIGURE 1.- LACTOSE AND GALACTOSE UPTAKE AND DISSIMILATION IN LACTIC ACID BACTERIA 

(1) Most streptococci ; L. casei ; (2) Host lactobacilli 

* Phosphoenol pyruvate dependent phosphotransferase system (PTS) 

(From Kandler, 1983). 

FIGURE 2.- CELLULAR LOCATION AND ROLE OF PROTEINASE AND PEPTIDASE ACTIVITIES 

IN LACTIC ACID BACTERIA. 

Peptidases in : 

- Cell wall 

- Cell membrane or 
cell wall-membrane 
interface*** 

- Cytoplasme 

* S. lactis ; ** lactobacilli 

Dipeptidase* - Tripeptidase* 

Aminopeptidases -
Dipeptidase - Pyrrolidone carboxy­
peptidase 

Di and tripeptidases 
Aminopeptidases - Carboxypeptidase.** 

*** S. cremoris 

(From D~::IAZEAUD, 1983 adapted from EXTERKATE, 1984 and LAW and 

KOSTAD, 1983). 

FIGURE 3.- CASEIN BREAKDOWN DURING CHEESE RIPENING 

(1) Rennet (2) Lactic acid bacteria (3) Other cheese micro-organisms 

Proteolysis -----.. chPese characteristics : Body/texture changes 

tatte, flavour (amino-acids~ flavour compounds). 

(From DESHAZEAUD and CRIPON, 1977 ; VISSER, 1977). 

FIGURE 4.- ALTERNATIVE PATHWAYS-OF PYRUVATE DISSIHILATION IN LACTIC ACID BACTERIA. 

* Citrate is metabolized only by S. diacetilactis, Leuc. cremoris 

'(From LAWRENCE and THOMAS, 1979). 

FIGURE S.- TEMPERATURE CHANGES IN GRUYERE CHEESE DURING PRESSING (AMBIENT T£!-iPERATURE 

24•c> 
(From AUCLAIR and ACCOLAS, 1983). 

FIGURE 6.- GROWTH CURVE or THERMOPHILIC BACTERIA IN GRUYER.E. 

L. helveticus colony counts : o - o center, • - • periphery 

S. thermophilus colony counts : at----4center, ' -£ periphery 

(From AUCLAIR and ACCOLAS, 1983). 



- 26 -

FIGURE 7.- L.\CTIC ACID CONTENT IN A 1-0LD-DA'! CRUYERE CHEESE. 

(From AUCLAIR and ACCOLAS, 1983). 

FIGURE 8.- LACTOSE FERMENTATION AND LACTATE FORMATION AND FERMENTATION 

DURING THE MANUFACTURE AND THE RIPENING OF EMMENTAL CHEESE. 

(From AUCLAIR and ACCOLAS, 1983). 

FIGURE 9.- COUNTS OF MESOPHILIC STREPTOCOCC4 IN MAKING CHEDDAR CHEESE 

(1) Pitching ; (2) milling ; (3) pressing after salting 

(From CHAPMAN and SHARPE, 1981). 
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Figure l 

LACTOSE AND GALACTOSE UPTAKE AND DISSIMILATION IN LACTIC ACID BACTERIA 
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Fisure 2 

CELLULAR LOCA-rION AND ROLE OF PROTEINASE AND PEPTIDASE 

ACTIVITIES IN LACTIC ACID BACTERIA 

Milk or growth 
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Figure 3 

CASEIN BREAKDOWN DURING CHEESE RIPENING 
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Figure 4 

ALTERNATIVE PATHWAYS OF PYRUVATE DISSIMILATION IN LACTIC 

ACID BACTERIA 
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Figure S 

TEMPERATURE CHANGES IN GRUYERE CHEESE DURING PRESSING (AMBIENT 
TEMPERATURE 240) 
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Fipre 6 

GR<MTH CURVE OF 'lllERMOPHILIC BACTERIA IN GRUYERE 

PERIPHERY 
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Figure 7 

LACTIC ACID CONTENT I~ A 1-0LD-DAY GRUYERE CHEESE 
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Figure 9 

COUNTS OF MESOPHILIC STREPTOCOCCI r· MAKING 

CHEDDAR CHEESE 
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