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cfu colony-forming unit

d day
FAM Swiss Federal Dairy Research Station,
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Liebefeld, Bern

Fig. figure
FSCA free short-chain acid

h hour

HTT high temperature treatment

KBE Kolonie-bildende Einheit

LA lactic acid

LAB lactic acid bacteria

log logarithmic
MF microfiltration, microfiltered

MPN most probable number

NPN non-protein nitrogen
Past pasteurised
PRI pressure retentate inlet

PRO pressure retentate outlet

PPI pressure permeate inlet

PPO pressure permeate outlet

SN soluble nitrogen at pH 4.6

sp. species
spp. subspecies
Tab. table

TCA Trichloroacetic acid

TN total nitrogen
UTP uniform trans-membrane pressure



Il



Contents

SUMMARY VII

ZUSAMMENFASSUNG IX

RÉSUMÉ XI

1 INTRODUCTION AND AIM OF PROJECT

2 LITERATURE 3

2.1 Butyric Acid Fermentation in Cheese 3

2.1.1 Clostridium Tyrobutyricum 3

2.1.2 Physiology of Cl. Tyrobutyricum 4

2.1.3 Source of Contamination 5

2.1.4 Elimination of Spores by Physical Treatment

2.1.4.1 Centrifugation
2.1.4.2 Microfiltration

2.1.4.3 High Temperature Treated Cheesemilk

2.1.4.4 Creaming of Milk

8

8

2.1.5 Additives for Preventing of Butyric Acid Fermentation

2.1.5.1 Nitrate

2.1.5.2 Lysozyme
2.1.5.3 Hydrogen Peroxide

2.1.5.4 Nisin and Nisin Forming Starter

2.1.5.5 Antagonistic Cultures

8

8

9

10

10

10

2.1.6 Parameters of Manufacturing 11

2.2 Crossflovv Microfiltration for Bacterial Removal 12

2.2.1 Membrane Systems in the Dairy Industry 12

2 2.2 Brief History of Crossflow Microfiltration 13

2 2.3 General Principles of Crossflovv Microfiltration 14

2 2.4 Removal of Spores and Bacteria in Milk and its Application 17

2 2.5 Chemical Changes in Microfiltered Milk 19

2 2.6 Market Milk made from Microfiltered Milk 20

2 2.7 Cheese made with Microfiltered Milk 21

3 MATERIALS AND METHODS 24

3.1 Microfiltration Equipment 24

3.2 Spore Suspension 25

3.3 Model Cheese Production 25



IV

3.3.1 Milk treatment 25

3.3.2 Influence of Lipase 26

3.3.3 Manufacture of Model Cheeses 26

3.3.4 Full Factorial Experimental Design 28

3.3.4.1 Addition of Adjunct Cultures 28

3.3.4.2 Reconstruction of Raw Milk Flavour 30

3.3.5 Simplex Lattice Experimental Design 32

3.3.6 Statistical Analysis 33

3.3.6.1 Full Factorial Experiment 33

3.3.6.2 Simplex Lattice Experiment 34

3.4 Composition Analysis 34

3.4.1 Spore and Bacterial Count 34

3.4.2 Determination of N-Fractions 35

3.4.3 Determination of Free Short-Chain Fatty Acids 35

3.4.4 Determination of L- and D-Lactic Acid 35

3.4.5 Determination of Calcium 35

3.4.6 Determination of the pH 35

3.4.7 Rheological Properties 35

3.4.8 Sensory Analysis 36

3.4.9 Melting Quality of Model Raclette 36

4 RESULTS AND DISCUSSION 37

4.1 Milk Treatment by Microfiltration 37

4.1.1 Reduction of Spores and Bacteria 37

4.1.2 Chemical Composition 40

4.1.3 Influence of Lipase 40

4.2 Cheesemaking Experiments 43

4.2.1 Control Parameters 43

4.2.2 Addition of Adjunct Cultures 45

4.2.2.1 Bacterial Count 46

4.2.2.2 Free Short-Chain Acids 48

4.2.2.3 Proteolysis 51

4.2.2.4 Sensory Analysis and Melting Quality 53

4.2.3 Reconstruction of Raw Milk Flora 55

4.2.3.1 Bacterial Count 55

4.2.3.2 Free Short-Chain Acids 57

4.2.3.3 Sensory Analysis and Melting Quality 60

4.2.4 Combination of Milk Treatment and Ripening Conditions 63

4.2.4.1 Bacterial Count 63

4.2.4.2 Chemical Composition of Cheeses 67

4.2.4.3 Free Short-Chain Acids 68

4.2.4.4 Proteolysis 70

4.2.4.5 Rheological Properties 73

4.2.4.6 Sensory Analysis of Unmelted Cheeses 75



V

4.2.4.7 Melting Quality 81

4.2.5 Mountain Cheese 86

4.2.5.1 Chemical Composition of Mountain Cheese 86

4.2.5.2 Bacterial Count and Free Short-Chain Acids of Mountain Cheese 87

4.2.5.3 Proteolysis of Mountain Cheese 88

4.2.5.4 Sensory Analysis of Mountain Cheese 89

4.2.6 Sensory Assessmen r of Raclette and Mountain Cheese 93

4.3 Economic Feasibility of Microfiltration 95

4.3.1 General Conditions 95

4.3.2 Economic Feasibility 97

5 CONCLUSIONS 99

6 REFERENCES 103

CURRICULUM VITAE 115



VI



VII

Summary

Influence of Microfiltration on the Quality of Semi-hard Cheese

from Raw Milk with particular emphasis on Clostridium Ty¬

robutyricum Spores

In Switzerland 50% of the milk produced is processed as raw milk to traditional

hard and semi-hard cheese varieties Since these cheese varieties have a long

ripening, they have to be manufactured with milk from cows which are not al¬

lowed to be fed with silage because of contamination of milk with spores of

Clostridium tyrobutyricum causing late blowing in cheese Depending on the

variety, size and shape of the cheese as well as the conditions applied during

maturation, about 100 spores / litre milk for hard and 1000 spores / litre milk for

semi-hard cheeses are already sufficient to induce butyric acid fermentation,

the metabolites of which i e butyric acid, C02 and H2 lead to total deterioration

of cheese To avoid the risk of late blowing a technology based on crossflow

microfiltration, a pressure-driven membrane filtration with a pore size of 1 4 jam,

has been evaluated for elimination of bacteria and spores from milk

The present thesis is a contribution to the knowledge on the application of mi¬

crofiltration for the manufacture of raw milk cheese (Raclette and Mountain

cheese) from silage milk The high efficiency of removal of Clostridia spores by
microfiltration made it possible to manufacture Raclette and Mountain cheese

from milk of silage-fed cows without spore germination preventing additives

Furthermore, the reduction of bacteria count was independent of the form of

Clostridia spores present in milk, thus rejecting endospores as well as free

spores

From experiments with up to 7 d at 4°C stored raw skim milk which was subse¬

quently microfiltered and processed to cheese, it has been concluded that mi¬

crobial lipases pass through the MF membrane and can cause rancidity and

flavour defect in cheese It is therefore important that the initial milk for

cheesemaking is of good microbiological quality

The main significant differences between cheese from untreated raw and MF

milk were the water content and the bacterial count in Raclette as well as in

Mountain cheese Due to weaker syneresis the water content was significantly
higher in MF cheeses as a result of microfiltration itself but also of the addition

of HTT retentate and HTT cream with higher water-binding ability This led to

higher concentration of lactic acid as more lactose remained in the cheese

mass and also to higher absorption of NaCI during brining

The low bacterial count of MF cheesemilk led to significantly reduced concen¬

tration of free short-chain acids in these cheeses The flavour of MF cheeses

developed slower compared to cheeses from untreated raw milk The élimina-
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tion of indigenous raw milk flora by microfiltration could be partly restored by
addition of 1-2% of raw milk to MF milk. Adjunct cultures such as L. casei, L.

helveticus, Micrococcus sp. and Candida utilis influenced to some extent the

flavour and the proteolysis in MF cheeses but were less effective than the addi¬

tion of raw milk. Ripening of cheese at higher temperatures was the most

promising means of acceleration for MF cheeses. Cheeses made from raw,

Pasteurised (Past) and MF milk and of their mixtures, ripened at four different

temperatures, showed that increased ripening temperatures were not suitable

for cheeses from or with raw milk. Elevated ripening temperatures led to prolif¬
eration of Propionibacteria which subsequently caused secondary fermentation

as well as flavour defects in cheeses. In MF and Past milk cheeses the count of

Propionibacteria was below the detection limit and no secondary fermentation

occurred even at elevated ripening temperatures. Nevertheless, the concentra¬

tion of free short-chain acids and the proteolysis was enhanced at higher rip¬
ening temperatures, thus leading to more intensive aroma in MF and Past milk

cheeses. At elevated ripening temperatures the water content of all cheeses,
i. e. raw, Past and MF decreased, influencing together with enhanced proteoly¬
sis, the rheological properties of the cheeses, which became shorter, firmer and

less elastic.

With regard to the sensory properties and melting quality of Raclette cheeses it

can be concluded that

- raw milk Raclette cheese has to be ripened at < 11°C because at higher
ripening temperatures secondary fermentation and flavour defects occur.

- Past milk Raclette cheese should be ripened at < 14°C as the melting qual¬
ity decreases at higher ripening temperatures.

- MF milk Raclette cheese can be ripened at 17°C to accelerate ripening
without quality impairment.

With regard to the sensory properties of Mountain cheeses it can be concluded

that

- Raw milk Mountain cheese has to be ripened at < 14°C because at higher
ripening temperature secondary fermentation and flavour defects occur.

- Past and MF milk Mountain cheese can be ripened at < 17°C to accelerate

ripening without quality impairment.

Results obtained from the economic feasibility study show that microfiltration

offers new opportunities for industrial cheese manufacture and its competitive¬
ness. For a profitable commercial cheese production with less than 5000 litres

processed milk/day it will be necessary to use the capacity of the MF equipment
for additional operations such as liquid milk, treatment of whey and brine and

other products and to intensify co-operation with similar size production units. It

must be emphasised, however, that factories using microfiltration still need to

process milk of good bacterial quality, as the enzymes can pass through the

membrane.
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Zusammenfassung

einfluss der mikrofiltration auf die qualität von halbhart käse

aus Rohmilch unter besonderer Berücksichtigung von Clos¬

tridium Tyrobutyricum Sporen

In der Schweiz werden 50% der Milch als Rohmilch zu traditionellen Hart- und

Halbhartkäsesorten verarbeitet. Da diese Käsesorten eine lange Reifungszeit
benötigen, müssen sie aus Milch von Kühen, welche nicht mit Silage gefüttert
werden, hergestellt werden. Die Silage enthält Sporen von Clostridium tyrobuty¬
ricum, welche in die Milch gelangen und im daraus hergestellten Käse eine

Spätblähung verursachen können. Abhängig von der Käsesorte, der Grösse

des Käses wie auch von den Reifungsbedingungen, genügen für Hartkäse

bereits ca. 100 Sporen/Liter und für Halbhartkäse ca. 1000 Sporen/Liter, um

eine Buttersäuregärung auszulösen, welche wegen den Metaboliten Butter¬

säure, C02 und H2 zur Abwertung des Käses führt. Eine Technologie, basier¬

end auf der Querstrom-Mikrofiltration, einer unter Druck getriebenen Filtration

mit einem Porendurchmesser von 1.4 um, wurde im Hinblick auf die Ver¬

minderung der Bakterien und Sporen in Milch zur Vermeidung der Spätblähung
untersucht.

Die vorliegende Dissertation ist ein Beitrag zur Anwendung der Mikrofiltration

für die Herstellung von Rohmilchkäse (Raclette und Bergkäse) aus Silomilch.

Der hohe Wirkungsgrad der Mikrofiltration in der Abtrennung von Clostridi-

ensporen machte die Herstellung von Raclette und Bergkäse aus Silomilch

ohne Zusätze zur Verhinderung der Sporenkeimung möglich. Überdies war die

Eliminierung der Bakterien unabhängig von der Form, in welcher die Clostridi-

ensporen vorlagen, da sowohl Endosporen als auch frei vorliegende Sporen
abgetrennt wurden.

Aus Versuchen mit bis zu sieben Tagen bei 4°C gelagerter Rohmilch, die in der

Folge mikrofiltriert und zu Käse verarbeitet wurde, kann gefolgert werden, dass

mikrobielle Lipasen die MF Membran passieren und im Käse Ranzigkeit und

Geschmacksfehler verursachen können. Es ist deshalb wichtig, dass die Aus¬

gangsmilch für die Käseherstellung von guter mikrobiologischer Qualität ist.

Der signifikante Hauptunterschied zwischen Käse aus unbehandelter Rohmilch

und MF Milch für Raclette und Bergkäse war der Wassergehalt und die Zahl

der Bakterien. Wegen der schwächeren Synerese war der Wassergehalt im MF

Käse durch die Mikrofiltration selbst und durch die Zugabe von hocherhitztem

Retentat und Rahm mit hohem Wasserbindungsvermögen signifikant erhöht.

Dies führte zu höherem Milchsäuregehalt, da mehr Laktose im der Käsemasse

verblieb und zur vermehrten Salzaufnahme im Salzbad.

Der tiefe Gehalt an Bakterien in der MF Kessimilch führte zu signifikant niedri¬

gerer Konzentration an flüchtigen Fettsäuren im MF Käse. Der Geschmack der

MF Käse entwickelte sich langsamer im Vergleich zu den Käsen aus unbehan-
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delter Rohmilch. Die Eliminierung der originären Rohmilchflora durch die Mikro¬

filtration konnte teilweise durch den Zusatz von 1-2% Rohmilch zu MF Milch

wiederhergestellt werden. Zusatzkulturen, wie L. casei, L. helveticus, Micrococ¬

cus sp. und Candida utilis beeinflussten teilweise den Geschmack und die

Proteolyse in MF Käse, waren aber weniger effektiv als die Zugabe von

Rohmilch. Die Reifung der Käse bei höheren Temperaturen stellte die meist

versprechende Massnahme für die Reifungsbeschleunigung der MF Käse dar.

Käse aus Rohmilch, Past Milch und MF Milch und aus deren Mischungen, ge¬

reift bei vier verschiedenen Temperaturen, zeigten, dass die erhöhten Reifung¬

stemperaturen zur Vermehrung von Propionsäurebakterien führten, welche

Nachgärung und Geschmacksfehler im Käse verursachten. In Past und MF Kä¬

se lag der Gehalt an Propionsäurebakterien unter der Nachweisgrenze und es

trat keine Nachgärung auf, auch nicht bei höchster Reifungstemperatur.

Nichtsdestoweniger war die Konzentration an flüchtigen Fettsäuren und die

Proteolyse bei höheren Reifungstemperaturen erhöht, was zu einem intensive¬

ren Aroma in den Past und MF Milch Käsen führte. Bei erhöhten Reifungstem¬

peraturen war der Wassergehalt aller Käse, d.h. der Roh-, Past und MF Käse,

vermindert, wodurch zusammen mit der intensiveren Proteolyse auch die

rheologischen Eigenschaften der Käse Richtung kürzer, fester und weniger ela¬

stisch, beeinflusst wurden.

Im Hinblick auf die sensorischen Eigenschaften und die Schmelzbarkeit des

Raclette Käses kann gefolgert werden, dass

- Rohmilchkäse bei Temperaturen < 11°C gereift werden muss, da sonst

Nachgärung und Geschmacksfehler auftreten können.

- Past Milch Käse bei Temperaturen <14°C gereift werden sollte, da die

Schmelzbarkeit bei höheren Temperaturen ungenügend ist.

- MF Milch Käse bei Temperaturen bis zu 17°C gereift werden kann, was eine

Option für die Reifungsbeschleunigung ohne Qualitätseinbusse darstellt.

Im Hinblick auf die sensorischen Eigenschaften von Bergkäse kann gefolgert

werden, dass

- Rohmilchkäse bei Temperaturen < 11 °C gereift werden muss, da sonst

Nachgärung und Geschmacksfehler auftreten können.

- Past und MF Milch Käse bei Temperaturen bis zu 17°C gereift werden kann,

was eine Option für die Reifungsbeschleunigung ohne Qualitätseinbusse

darstellt.

Wie aus den Wirtschaftlichkeitsberechnungen hervorgeht, ist das Verfahren der

Mikrofiltration eine interessante Perspektive für die Käseherstellung und ihre

zukünftige Konkurrenzfähigkeit. Allerdings wird es für gewerbliche Käsereien

mit weniger als 5000 Liter verarbeiteter Milch pro Tag erforderlich sein, für eine

entsprechende Wirtschaftlichkeit die Kapazität der Mikrofiltrationsanlage
zusätzlich mit der Herstellung von Trinkmilch, Behandlung von Molke und

Salzbad und weiteren Anwendungen auszulasten und dabei die nötigen organi¬
satorischen Rahmenbedingung, z. B. in Form von Kooperation mit Käsereien

vergleichbarer Grösse zu schaffen. Abschliessend sei darauf hingewiesen,
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dass die Industrie auch bei Anwendung der Mikrofiltration nicht davon befreit

ist, Milch von hoher bakteriologischer Qualität zu verarbeiten, da Enzyme die

Membran ungehindert passieren können.

RÉSUMÉ

Influence de la Microfiltration sur la Qualité des Fromages à

Pâte mi-dure au Lait cru, avec une attention en Particulier des

Spores de Clostridium Tyrobutyricum

En Suisse, 50% du lait produit est transformé en fromages à pâte dure et mi-

dure au lait cru. Vu que ces variétés de fromage ont une maturation assez

longue, ils doivent être produits à partir de lait provenant de vaches qui ne sont

pas alimentées aux ensilages en raison du risque de contamination du lait par

les spores de Clostridium tyrobutyricum, agent du gonflement tardif dans les

fromages. Selon la variété, la taille et la forme des fromages ainsi que des con¬

ditions de maturation, environ 100 spores/litre de lait pour les fromages à pâte
dure et 1000 spores/litre de lait pour les fromages à pâte mi-dure sont

suffisants pour induire une fermentation butyrique. Les metabolites qui

s'ensuivent, c'est-à-dire l'acide butyrique, le C02 et le H2, conduisent à la dété¬

rioration du fromage. Une méthode basée sur la microfiltration tangentielle

(membrane de filtration avec des pores d'une taille de 1.4 um) été évalué dans

le but de supprimer les bactéries et les spores du lait et, ainsi d'éliminer le

risque d'un gonflement tardif.

La présente thèse contribue aux connaissances relatives à l'application de la

microfiltration dans la production de fromages au lait cru (raclette et fromage de

montagne) produits à partir de lait de vaches alimentées aux ensilages.
L'efficacité de suppression des spores de Clostridium par la microfiltration a

permis de fabriquer de la raclette et du fromage de montagne en utilisant du lait

de vaches alimentées aux ensilages, sans adjonction d'additifs prévenant la

germination des spores. Par ailleurs, l'élimination des spores ne dépendait pas

de la forme des spores de Clostridium présents dans le lait, puisque tant les

endospores que les spores ont été retenues par la membrane.

Il ressort d'essais effectués avec du lait cru entreposé jusqu'à 7 jours à 4 de¬

grés, microfiltré et transformé en fromage, que les lipases traversent la mem¬

brane de microfiltration et peuvent occasionner dans le fromage un goût de

ranci et des défauts de goût. C'est pourquoi il est important que le lait de fabri¬

cation soit d'une qualité microbiologique irréprochable.

La différence la plus significative entre fromages à base de lait non traité et de

lait microfiltré (raclette et fromage de montagne) est la teneur en eau ainsi que

le nombre de bactéries. En raison d'une synérèse plus faible, la teneur en eau
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est significativement plus élevée dans les fromages à base de lait microfiltré;

ceci est dû non seulement à la microfiltration mais aussi à l'adjonction de re-

tentat fortement chauffé et de crème dont la capacité de liaison de l'eau est

élevée. Cela conduit à une absorption de sel plus élevée dans le bain de sau¬

mure et une teneur en acide lactique également plus élevée, étant donné

qu'une plus grande quantité de lactose est restée dans la masse de fromage.

La faible teneur en bactéries dans le lait de cuve microfiltré a conduit à une

concentration significativement réduite d'acides gras volatils dans le fromage

produit avec ce lait. En outre, le goût de ce fromage s'est développé plus len¬

tement comparé aux fromages produits à base de lait cru non traité. La sup¬

pression de la flore d'origine du lait cru par la microfiltration a pu être rétablie en

partie par l'adjonction de 1 à 2% de lait cru dans le lait microfiltré. Les cultures

ajoutées, tels que L. casei, L. helveticus. Micrococcus sp. et Candida utilis, ont

influencé partiellement le goût et la Proteolyse dans le fromage au lait microfil¬

tré, mais se sont avérés moins efficaces que l'adjonction de lait cru. La matura¬

tion du fromage à des températures plus élevées représente le moyen le plus
prometteur pour l'accélération de la maturation des fromage à base de lait mi¬

crofiltré. Les fromages au lait cru, au lait pasteurisé et au lait microfiltré de

même que ceux fabriqués avec des mélanges de ces lait, portés à maturité à 4

températures différentes, montrent que les températures de maturation plus
élevées conduisent à la multiplication des bactéries propioniques qui provo¬

quent une fermentation secondaire et des défauts de goût dans le fromage. En

revanche, dans les fromages au lait pasteurisé et au lait microfiltré, la concen¬

tration de bactéries propioniques se situe en dessous de la limite de détection

et aucune fermentation secondaire n'a eu lieu, même à des températures de

maturation très élevées. Néanmoins la concentration en acides gras volatils et

la Proteolyse se sont révélées plus importantes avec une température
d'affinage élevée, ce qui a conduit à une intensification de l'arôme des fro¬

mages au lait pasteurisé et au lait microfiltré. Pour les températures de matura¬

tion élevées, la teneur en eau de tous les fromages, c'est-à-dire des fromages
au lait cru, au lait pasteurisé et au lait microfiltré, était faible. Cela conjugué
avec une Proteolyse plus intensive, a exercé une influence sur la pâte des fro¬

mages: elle s'est révélée plus courte, plus ferme et moins élastique.

A égard des propriétés sensorielles et de l'aptitude à la fonte du raclette, on

peut conclure que:

- les fromages au lait cru doivent être affinés à des températures < 11 degré,
étant donné que dans le cas contraire une fermentation secondaire et des

défauts de goût peuvent apparaître.
- les fromages au lait pasteurisé devraient être affinés à des températures <

14 degré, étant donné que l'aptitude à la fonte est insuffisante dans le cas

de températures plus élevées.

- les fromages au lait microfiltré peuvent être affinés à des températures al¬

lant jusqu'à 17 degré, ce qui représente un moyen d'accélérer la maturation



XIII

sans préjudice pour la qualité.

A égard des propriétés sensorielles du fromage de montagne, on peut conclure

que:

les fromages au lait cru doivent être affinés à des températures < 11 degré,
étant donné que dans le cas contraire une fermentation secondaire et des

défauts de goût peuvent apparaître.
- les fromages au lait pasteurisé et ceux au lait microfiltré peuvent être affinés

à des températures allant jusqu'à 17 degrés, ce qui représente une option

pour l'accélération de ta maturation sans préjudice pour la qualité.

Il ressort de calculs de rentabilité effectués au niveau industriel, que la microfil¬

tration est une perspective intéressante pour la fabrication du fromage et sa

compétitivité. Il sera pourtant nécessaire que les fromageries de type artisanal,

afin d'atteindre une rentabilité semblable, utilisent l'installation de microfiltration

pour d'autres traitements, tels la production de lait de consommation, le traite¬

ment du petit-lait et du bain de sel, etc., ou créent des coopérations avec des

fromageries de taille comparable. En conclusion, il y a lieu d'indiquer que dans

le cas de la microfiltration, il faut aussi veiller à ce que la qualité bactériologique
du lait soit élevée étant donné que les enzymes traversent la membrane.
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1 Introduction and aim of Project

One serious and economically important defect of hard and semi-hard cheeses

is butyric acid fermentation - so called late blowing - caused by Clostridium

tyrobutyricum. Feeding cows with silage of low microbiological quality is the

main way milk is contaminated with spores of this microorganism. The level of

spores in milk required to cause late blowing is dependent upon the variety,

size and shape of the cheeses as well as the conditions applied during matura¬

tion. In Switzerland 50% of the milk produced is processed as raw milk to tradi¬

tional hard and semi-hard cheese varieties and because these cheeses have a

long ripening period, they have to be manufactured from milk of silage-free fed

cows.

At present there are two possibilities for significantly reducing the count of

spores of CI. tyrobutyricum horn silage milk by physical treatment, i. e. centrifu-

gation or microfiltration prior to processing.

Centrifugation, together with fat standardisation, is often an integral part of milk

treatment in cheese manufacture. To reach an optimal efficiency, centrifugation

of milk is usually carried out at temperatures of 50-60°C, which, however, is not

permitted for a cheese designated as raw milk cheese. Despite these meas¬

ures, the reduction of the number of spores to a level which excludes the risk of

late blowing in cheese is often not guaranteed. The solution could be to use

additives such as nitrate, lysozyme or nisin, which, however, are not permitted

in Switzerland.

In the present work a technology based on crossflow microfiltration has been

applied to prevent late blowing in cheese. Crossflow microfiltration is a pres¬

sure-driven membrane operation with membranes of pore size 1.4 urn by which

bacteria and spores are removed from skimmed milk with high efficiency. The

concentrate of bacteria and spores can be sterilised and then remixed with the

microfiltered cheesemilk.

The aim of the project was to achieve a scientific basis for development
of hard and semi-hard raw milk cheeses from silage milk, with particular

regard to the

I. Influence of microfiltration on the technological properties of milk, with

emphasis on the suitability for manufacture of hard and semi-hard model

cheeses
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II. Improvement of raw milk flavour in cheese by the addition of either

and/or selected strains of raw milk flora and portion of raw milk to micro-

filtered milk

III. Improvement of raw milk flavour in cheese by means of technological

measures such as preripening of the cheesemilk and elevation of ripen¬

ing temperature for cheeses

IV. Economic feasibility of investment into microfiltration equipment with dif¬

ferent capacities
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2 Literature

2.1 Butyric Acid Fermentation in Cheese

2.1.1 Clostridium Tyrobutyricum

Contamination of milk with spores of Clostridium tyrobutyricum can cause late

blowing and sensorial defects in hard and semi-hard cheese, leading often to

total devaluation. During the first few weeks of ripening the spores of CI. tyro¬

butyricum germinate in cheese and proliferate to high counts. The fermentative

transformation of lactic acid to butyric acid, hydrogen and carbon dioxide is the

biochemical basis of cheese defects. The production of gases can cause blow¬

ing of cheese, while butyric acid, above the critical concentration of 200iig/l,

impairs the taste of cheese with rancid off-flavours [85] [155].

Already in 1936 Van Beynum et al. [146] described CI. tyrobutyricum as a sepa¬

rate species. They isolated clostridial-type strains from late-blown cheese, dif¬

ferentiated it from other Clostridia, in particular from CI. butyricum, and named it

CI. tyrobutyricum (Greek: "tyros" = cheese). Previously only CI. butyricum had

existed as a species, in spite of the fact that it was known that not every strain

caused butyric acid fermentation. Strains leading to late blowing were until 1936

designated as CI. butyricum or Bacillus amylobacter [35] [75]. Taxonomical

problems as well as difficulties of detection and enumeration were the reason

for the confusion in taxonomy.

Kutzner [87] showed that only CI. tyrobutyricum was able to cause butyric acid

fermentation. Later investigations confirmed that only the lactic acid fermenting

species CI. tyrobutyricum is responsible for late blowing of cheese [7] and that

over 95% of the Clostridia isolated from such cheeses belonged to the species

CI. tyrobutyricum [8]. Bühler [8] designated other clostridial species found in

late-blown cheese as accidental. He could not establish any correlation be¬

tween the count of the spores in milk and the phenomenon of late blowing in

cheese and assumed that the activity of the strains and spores may play an

important role in this effect. By contrast, Chamba [26] found a correlation be¬

tween the count of spores in milk and the intensity of butyric acid fermentation

in cheese. Klijn et al. [83] also found a correlation between the amount of CI.

tyrobutyricum DNA and the visual sign of late blowing in Gouda-type cheese

and consequently identified CI. tyrobutyricum as the microorganism responsible
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for the defect. Their experiments also showed that spores obtained from pure

cultures were less successful in causing late blowing than spores from natural

contamination present in milk.

Other authors concluded that several biochemically different strains of Clostridia

were responsible for late blowing [96] [101] [86] [109] and CI. butyricum, CI.

sporogenes, CI. bifermentans, CI. perfringens and CI. beijerinckii were men¬

tioned. The high numbers of strains isolated from cheese with late blowing

showed that all these Clostridia are able to germinate and possibly proliferate in

cheese, but according to Klijn et al. [83] experimental cheeses made with

spores of CI. butyricum, CI. sporogenes and CI. beijerinckii showed no signs of

butyric acid fermentation or production of hydrogen under the conditions ap¬

plied.

Still unanswered remains the question of the effective minimum count of CI.

tyrobutyricum which is necessary to cause late blowing. Zangerl [155] reported

that, depending on the type of cheese, five to several hundred spores/litre

cheesemilk are sufficient to initiate butyric acid fermentation [1]. In the literature

the counts range from several spores/litre [61] [109] to up to few spores/ml

cheesemilk [87]. Some authors suggest counts from 0.01 to 0.2 spores/ml, e.q.

10-200 spores/litre cheesemilk [14] [94], The difference in the results obtained

by various authors can be explained by the diversity of the not very selective

methods for enumeration of different clostridial spores.

For detection of butyric acid fermentation in cheese the following methods are

available:

• Classical microbiological and immunological detection and enumeration of

spores and vegetative cells [59] [15] [83].

• Estimation of redox potential in cheese: Eh £ -250mV indicates butyric acid

fermentation [82] or formation of H2 [88]

• Chemical and enzymatic measurement of fermentation products [103].

• Sensorial evaluation

• Sounding of cheese

» X-ray and cross-section photographs of cheese

2.1.2 Physiology of CI. Tyrobutyricum

CI. tyrobutyricum is an anaerobic spore-forming microorganism belonging to the

Bacillaceae family [25]. It is ubiquitous, commonly found in soil and not patho-
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genie for humans and animals. Cells are Gram-positive, usually motile and pe-

ritrichous, 2-13 urn long, and occur singly or in pairs. Endospores are oval,

subterminal and swell the cell (Fig. 1).

Fig. 1: Scanning electron micrograph of CI. tyrobutyricum (with permission by

Dr. M. Müller, Laboratory of EM 1, ETH Zurich)

The optimum temperature for growth of CI. tyrobutyricum is 30-37°C, at 25°C

growth is only moderate and at 45°C it is poor or non existent. The vegetative

form of the microorganism does not survive pasteurisation at 75°C for 15-30

sec, whereas spores are heat-resistant up to 120°C. The optimum pH for

growth is pH 5.0-5.4, below pH 5,0 no growth is possible. CI. tyrobutyricum is

not able to proliferate in milk [76].

2.1.3 Source of Contamination

The contamination of raw milk with CI. tyrobutyricum originates mainly from si¬

lage of inferior quality and from dung of silage fed cows (Fig. 2) [56]. According

to Bühler [7] in over 70% of cases silage is in general the source of contamina¬

tion of milk with anaerobic spore-formers. Herlin et al. [63] also concluded that

the quality of silage is of the greatest importance for the spore content of milk.
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Further evidence for silage being the main source of spores in cheese milk

comes from the finding that the spore content of raw milk typically shows a sea¬

sonal dependence, being highest during the winter months when silage is fed,

and lowest during the summer grazing season [141], The most important factor

determining the spore content of milk was found to be the spore content of fae¬

ces [17] and a direct correlation has been established between the concentra¬

tion of anaerobic spores in silage and dung [57]. Compared to silage a 3 to 10

fold accumulation can be expected in the dung [137]. Depending on the hygi¬

enic condition, the skin of the udder and particularly the teats are the main

places from which the spores from dung contaminate milk during milking. With

cleaning and drying of the udder (teats) the number of spores can be reduced

by about 10 fold [137]. Teat washing with hypochlorite solution and drying with

a paper towel reduces the counts of spores significantly [104].

Fig. 2: Cycle of butyric acid bacteria [56]

In fresh grass and hay the count of spores is less than 103 spores/g, in silage of

good quality it is less than 104 spores/g, whereas in silage of inferior quality the

level exceeds 105 spores/g [155] [56]. Bertilsson et al. [17] found that the clos¬

tridial spore content of milk correlates with the following parameters in silage:

dry matter, ammonia, butyric acid and clostridial spores. Further factors related

to the number of clostridial spores in the milk were the above-mentioned milking

hygiene, application of bedding material and silage systems [15] [57] [17]. Ad¬

ditional sources of contamination such as hay of low quality, water with a high

spore content from polluted springs, soil in the feeding bowl, etc., are men¬

tioned by Rentsch [121].
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2 1.4 Elimination of Spores by Physical Treatment

2 14 1 Centrifugation

By treating the milk in a special type of centrifuge, generally known as a bacto-

fuge, it is possible to remove bacteria and spores from milk [147] [149] [157]

This process was developed by Simonart et al [131] [132] in the early 1950s

Originally intended to be a method to increase the shelf-life of consumer milk,

its most important application has proved to be in the cheese industry The

principle of bactofugation is based on the difference in density between the milk

(1 030-1 035 g/cm3) and the bacteria or spores (1 132 g/cm3) [94] The removal

of the bacteria or bacterial spores from the milk is based on the combination of

Stokes law and the law of centrifugal force which for bactofuges is around

10'000g[149]

Depending on the initial count in the milk, 80-98% of anaerobic spores in par¬

ticular and 85-98% of total bacteria are effectively removed [147] [157] [3]

During bactofugation of milk some of the ingredients, in particular casein, are

lost The extent of the protein loss in the bacterial concentrate is determined by

the type of centrifuge and the amount of centrifugate removed The quantity of

centrifugate with a protein content of 3 8% can be limited to 2 5 to 3 5% of the

total milk [138] [29] Bactofugation of milk together with standardisation of fat

content is often an integral part of the treatment of whole milk The concentrate

with spores and bacteria is usually sterilised and then remixed with the cheese

milk [57] To reach an optimal efficiency, the physical treatment of milk is car¬

ried out at temperatures (58-62°C) which are not permitted for cheeses desig¬

nated as raw milk cheese Despite this multi-step system, the reduction in the

number of spores is often not sufficient to prevent late blowing in cheese [156]

Double bactofugation of cheesemilk with modern centrifuges results in a reduc¬

tion of 99% or more in the number of spores originally present [149] This re¬

duction in spores will usually be sufficient to produce cheese without any risk of

late blowing Double bactofugation requires a higher investment than single

bactofugation [149]

2 14 2 Microfiltration

This technology is discussed in more detail in section 2 2 "Crossflow microfiltra¬

tion"
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2.1.4.3 High Temperature Treated Cheesemilk

Heating milk at 120°C for 0.30-0.47 sec. leads to damage to CI. tyrobutyricum

and butyric acid fermentation in cheese can be prevented [134]. According to

Morton et al. [111] D = 5min. and z= 15.4°Cat 100°C and pH 7.0 is sufficient to

inactivate CI. tyrobutyricum. The disadvantage of such heat treatment of milk is

that the cheeses obtained are of extremely poor quality [134].

2.1.4.4 Creaming of Milk

During the creaming of raw milk and of low pasteurised milk, about 90% of the

spores originally present are found in the cream. According to Stadhouders

[134] , however, this method is not effective enough to prevent butyric acid fer¬

mentation in cheeses from milk with more than one spore per 100-200 ml of

cheesemilk but can be useful in combination with other measures for spore re¬

moval [134].

2.1.5 Additives for Preventing Butyric Acid Fermentation

2.1.5.1 Nitrate

Nitrate added to cheesemilk (5-15 g/100 I) is reduced to nitrite by the xanthine

oxidase of milk as well as by nitrate-reducing bacteria at pH above 5.2 [46]. Ni¬

trite prevents the germination of spores by diffusing into the cell and blocking

the enzyme systems of the spores [56], The presence of the nitrate-reducing

xanthine oxydase is required to transfer the nitrite to the germinating spores.

The nitrate reduction during ripening of cheese is caused by coliform bacteria,

lactobacilli and surface flora (smear; yeasts, microccoci, coryneform bacteria)

[135]. Galesloot [45] showed that nitrite only temporarily delayed the dynamics

of butyric acid fermentation and after few days nitrite was no longer detectable

in the cheese. On the other hand NaCI which penetrates into the cheese during

brining can have an inhibitory effect on butyric acid fermentation, depending on

the concentration in the aqueous phase [135], In cheese with low salt content

and high pH the fermentation can not be controlled. No direct causal relation¬

ship exists between the inhibitory effect of nitrate and the oxidation reduction

potential in cheese [46], An interaction does exist, however, between the con¬

centration of nitrate, number of spores, pH of the cheese and salt content [47].

The addition of only 2.5 g NaN03 per 100 litre of bactofugated milk can prevent

butyric acid fermentation in Gouda cheese [133] and in Tilsit cheese [93].
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The addition of nitrate is the safest, cheapest and simplest solution to prevent

late blowing [56] even though during manufacture at least 90% of the nitrate is

bound to the cheese curd and the remainder is in the whey. In some countries

(Switzerland, Italy, France, Greece etc.) the addition of nitrate is not allowed.

The reason for the restriction is the risk of formation of carcinogenic nitros-

amines in cheese [129]. Investigations, however, showed that the quantity of

nitrosamines formed in cheese is very low and can hardly be considered to be a

toxicological problem for the consumer [135],

2.1.5.2 Lysozyme

Lysozyme added to cheesemilk (100-500 units/ml; = 5 to 25 PPM) acts on

Gram-positive bacteria such as Clostridia by hydrolysing the bonds between the

N-acetyl muramic acid and N-acetyl glucosamine sub-units in the cell wall, thus

preventing butyric acid fermentation in the cheese [1]. Lysozyme proved to be

useful in cheese manufacture as the optimum for activity is at pH 5 and even

during heat treatment at 100°C for 100 sec. (at pH 4.5) the enzyme is not en¬

tirely inactivated [84] [142]. Lysozyme (Muramidase) is widely distributed in

animals and plants [140]. In milk it amounts 13 ug/100 ml [1]. Commercial

preparations used in cheese manufacture are prepared by extraction of the en¬

zyme from egg white and may contain 98-99% pure lysozyme.

Regarding the influence of lysozyme on clostridial bacteria different levels of

sensitivity have been reported. Wasserfall et al. [152] demonstrated an inhibi¬

tory effect on butyric acid fermentation whereas Bester et al. [18] found that

lysozyme actually stimulates spore germination. Becker et al. [13] reported that

lysozyme effectively prevented late blowing, without having any effect on lactic

acid fermentation, and the sensorial properties of the cheese were highly ac¬

ceptable. These results regarding the effect on cheese flavour were in agree¬

ment with Carini et al. [23] [24]. According to Guericke [57] lysozyme is suitable

for controlling late blowing in some cheese types provided that the number of

clostridial spores is low. In cheeses with a long ripening period, however, lyso¬

zyme can not definitely inhibit butyric acid fermentation [97], A further disad¬

vantage is that a higher amount of lysozyme (over 25 PPM) starts to inhibit the

activity of the starter culture and since at least 90% of the lysozyme is bound to

the cheese curd it is present throughout the lactic acid fermentation in cheese

[97]. In Switzerland the use of lysozyme for cheese production is not permitted.
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2.1.5.3 Hydrogen Peroxide

The addition of hydrogen peroxide to cheesemilk significantly reduces the count

of bacteria and spores and inhibits butyric acid fermentation in cheese [134].

Prior to addition of the starter culture the peroxide is decomposed by addition of

catalase. The disadvantage of hydrogen peroxide is the production of sensorial

defects in cheese [130] [79]. In Switzerland the treatment of cheesemilk with

hydrogen peroxide is also not permitted,

2.1.5.4 Nisin and Nisin-Forming Starter

Strains of lactic acid bacteria such as Lactococcus lactis subs, lactis are able

to produce nisin, a polypeptide antibacterial substance called bacteriocin which

has a broad spectrum of activity against Gram-positive bacteria [31] [32] [67]. In

addition nisin inhibits the growth of facultatively heterofermentative lactobacilli

which can be of importance for the amount of volatile fatty acids as a contribu¬

tion to the specific flavour of cheese [97]. Grubhofer et al. [56] concluded that

the results concerning the prevention of butyric acid fermentation by nisin or

nisin-forming bacteria are not satisfactory and in addition nisin-forming starter

cultures are very susceptible to phages [57].

2.1.5.5 Antagonistic Cultures

Several strains of lactic acid bacteria form anti-clostridial metabolites. According

to Kerjean [77] the addition of 106 Lactobacillus casei per ml to cheesemilk

containing spores from raw milk and from pure culture resulted in preventing of

butyric acid fermentation. Among two hundred tested strains of various lactic

acid bacteria Bergère et al. [16] found six strains which were capable of inhibit¬

ing CI. tyrobutyricum. They were two Lactobacillus casei, two L. plantarum, one

L. helveticus and one Streptococcus diacetylactis strain. The inhibition mecha¬

nism has not been elucidated as neither lactic acid nor H2O2 or other antibiotic

substances were involved. This inhibitory effect was too limited and insuffi¬

ciently reproducible to be considered for actual application in controlling butyric
acid fermentation. Thuault et al. [143] selected four strains of Lactococcus lac¬

tis ssp. lactis which produced an inhibitory bacteriocin-like substance different

from nisin against CI. tyrobutyricum. Susani et al. [139] reported on the possi¬

bility of inhibiting gas-forming bacteria in cheese by using natural inhibitory sub¬

stances such as a bacteriocin producing strain of Enterococcus faecium.

Fatichenti et al. [42] studied the inhibitory activity of Debaryomyces hasenii
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against CI. tyrobutyricum and showed that the inhibition of the growth was due

not only to competition for nutrients but also to production of extra- and intra¬

cellular antimicrobial metabolites. Perfiliev et al. [116] developed a concentrate

(Bioantibut) exerting an antagonistic action against CI. tyrobutyricum. When this

concentrate was applied in cheesemaking, practically no butyric acid fermenta¬

tion occurred in the cheese.

2.1.6 Manufacturing Parameters

Several factors affect the germination and development of Clostridia in cheese

[56]:

- Clostridia content of cheesemilk

- pH of the cheese

- ripening time and temperature

- salt content, i.e. concentration in the aqueous phase of cheese

- size of the cheese, i. e. diffusion rate of salt

The higher the pH and ripening temperature, the lower the salt content and the

longer the ripening time, the higher is the risk of germination of clostridial

spores and consequently of late blowing [56],

Galesloot [47] showed that in Gouda cheese which should reach a pH of 5.15

at the end of lactic acid fermentation, even small pH differences had an effect

on the degree of butyric acid fermentation. With only 0.06 lower pH, the degree

of butyric acid fermentation was also reduced. These pH differences, however,

affected the characteristics of a Gouda cheese. Kleter et al. [81] [82] found that

not only the pH but also the lactic acid content influences the growth of CI. tyro¬

butyricum. They showed that in Gouda cheese made with milk containing 10

spores/ml a lactic acid concentration of 2% in conjunction with a pH <4.8 and a

lactic acid concentration of 4% in conjunction with a pH < 5,1 prevented the

growth of CI. tyrobutyricum for at least 40 days at 30°C under anaerobic condi¬

tions.

Several authors concluded that it is important to reach the final salt content in

cheese as soon as possible if spore germination is to be prevented [82] [45].

According to Stadhouders [136] the salt content in the interior of the cheese as

well as the salt distribution in the cheese play an important role. In the case of

Gouda cheese the salt content of cheese has to be above 3% in moisture in

order to avoid butyric acid fermentation. In brine-salted cheeses it can take

months before the salt has completely penetrated into the interior and reached



Literature 12

even distribution. Therefore brine-salted hard cheeses such as Dutch and

Swiss cheese are very sensitive to late blowing whereas Cheddar cheese and

related dry-salted cheeses are not. In the meantime the spores of Clostridia can

germinate and initiate butyric acid fermentation. It seems that the germination

of spores is more affected by salt than the proliferation of CI. tyrobutyricum

cells. As the size of the cheeses determines the rate of salt diffusion, small

cheeses are less sensitive to butyric acid fermentation. [136].

The choice of the starter also has an influence on the germination of clostridial

spores, the reason for this being the content of acetic acid in cheese. It is

known that acetic acid can stimulate the germination of spores [136] and that it

is also needed for the vegetative cells of CI. tyrobutyricum to ferment lactic acid

[86].

According to Stadhouders [136] ripening temperatures above 9°C are required

for germination and development of clostridial spores. Pre-ripening of Gouda

cheese at temperatures below 7°C for at least three weeks before being trans¬

ferred to 15°C successfully prevents late blowing [53]. Innocente et al. [71]

found that storage of Monatasio cheese at 5°C inhibited the germination of

Clostridia spores but the maturation of the cheese was retarded by long holding

periods at 5°C. They observed that when the low-temperature storage period

was less than 30 days, the typical organoleptic characteristics of Montasio were

not significantly altered. Pre-ripening at low temperature requires higher in¬

vestments because flavour development in the cheese is retarded and the

overall ripening time is longer [134].

2.2 Crossflow Microfiltration for Bacterial Removal

2.2.1 Membrane Systems in the Dairy Industry

A membrane is an intervening phase separating two phases and/or acting as

an active or passive barrier to the transport of matter between phases adjacent

to it. The separation is based upon the selective permeation of the constituents

through the membrane [153]. The mechanism governing mass transport in dif¬

ferent membrane processes depends on the membrane type and process con¬

ditions. Four currently applied pressure-driven membrane systems are shown in

Fig. 3.
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Fig. 3: Membrane systems in the dairy industry: reverse osmosis (RO), nano-

filtration (NF), ultrafiltration (UF) and microfiltration (MF)

The hydrostatic pressure gradient is the driving force used to achieve the de¬

sired hydrodynamic flow through the membrane and the deposited layer that

may develop during the filtration process. Concentration gradients (dialysis) or

electrical potential (electrodialysis) gradients may also be used as additional

driving forces [27].

Membrane systems are available to the dairy industry for a variety of applica¬

tions such as [21] [122]:

Protein concentration and standardisation (UF)

Protein fractionation (UF, MF)

- Defatting skim milk and whey (MF)

Diafiltration (UF)

Partial déminéralisation of whey (NF)

Removal of bacteria from milk and whey (MF)

Protein removal from brine (MF)

Concentration of milk permeate (RO)

- Dewatering waste water (RO)

2.2.2 Brief History of Crossflow Microfiltration

Microfiltration (MF) is one of the first filtration processes, commercially devel¬

oped by Sartorius-Werke in Germany in 1929 [108]. In the beginning it was only
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used for research but during World War II it was adapted for bacteriological

analysis of water. Until 1963 microfilters were predominantly made from nitro¬

cellulose, or a mixture of cellulose esters. Membrane technology left the labo¬

ratory at the end of the sixties, after the fundamental discovery of asymmetrical

membranes [102]. These membranes had a 100 fold higher permeability for

water than the symmetrical membranes. The need for improved chemical re¬

sistance and heat stability of the membranes prompted investigations into new

materials and methods of manufacture. During the seventies the nuclear indus¬

try developed the mineral membranes for separation of uranium isotopes. For

strategic reasons these membranes did not become commercially available

until the early 1980s in the producing countries, USA and France. Because of

mechanical and physico-chemical resistance properties, this third membrane

generation allowed some very diversified new applications in the dairy industry

[102]. The ceramic filters for crossflow microfiltration were introduced in 1984

[55]. Generally the ceramic membranes used consist of a thin selective fine¬

grained ceramic layer which is supported by a coarse-grained ceramic layer.

The materials of these sintered membranes are a-alumina (aluminium oxide,

Al203) and metallic oxides, mainly zirconia (ZrOa), and a-alumina for the mac-

roporous support [30]. One US Filter element (Membralox) is 85 cm long and

consists of 19 parallel pipes, each with a diameter of 4 mm, thus each multi¬

channel element comprises a membrane area of 0.2 m2 (Fig. 4). The filters are

resistant to cleaning with hot NaOCI, 2% NaOH and 2% HN03 and can be

steam-sterilised up to 140°C [55]. The most important application of microfiltra¬

tion is the reduction of bacteria in milk [115].

2.2.3 General Principles of Crossflow Microfiltration

Tangential or crossflow microfiltration is a low pressure-driven membrane filtra¬

tion process operating at 0.1-0.5 bar [153]. The feed (product flow) is sepa¬

rated into a retentate (concentrate) and a permeate (filtrate) by a semi¬

permeable membrane (Fig. 4) [30] [113], Microfiltration is carried out with mem¬

branes having a pore size in the range 0,05-10 urn that can selectively retain

particles with molecular weights of >200 kDa. A pore size of approx. 0.6-0.7

|o,m is the theoretical optimum for obtaining high permeation of skim milk solids

and the highest possible bacteria retention [115].
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Fig. 4: Crossflow microfiltration in a multi-channel element [89]

The pore diameter of the membranes for filtration of milk and whey ranges from

0.2 to 1.4 urn.

0.01 0.1 1.0 10

Diameter / urn

Fig. 5: Distribution of the diameters of bacteria, casein micelles

and fat globules in milk [30]

From Fig. 5 it becomes obvious that at 1.4 urn pore diameter all of the fat and

bacteria are rejected. The very low rejection of the largest casein micelles is of

no practical significance. The membrane with a pore size of 0.8 urn exhibits a

higher rejection of casein micelles, with the result that the retentate contains

more protein than the feed, with consequently a lower protein content in the

permeate [21],

The MF membrane acts as a screen filter which retains particles on its surface

[27], A 1.4 lam membrane means that it will not allow particles larger than 1.4

urn to pass through it. As there is a distribution of pore sizes on a membrane
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surface, it has been frequently observed that pores are much larger than the

particles they retain. Thus, particles that are approx. the same size as the pores

may penetrate partially into the pores and block them. This will result in the

classic rapid drop in flux in the first few minutes of operation.

The MF flux (litre permeate/m2h) is in the range of 6-8 m/s due to the very high

speed of the feed over the membrane. This prevents any concentration polari¬

sation and clogged pores. Deposits on the membrane have an effect on the

selectivity of the membrane and the formation is determined by the protein con¬

centration of the treated product, the viscosity of the concentrate and the shear

stress at the wall. Therefore, to avoid any decline in flux, the trans-membrane

pressure has to be less than 1 bar, normally 0.3-0.5 bar, and high crossflow

velocity conditions should be maintained over the entire length of the mem¬

brane [118], [99], [113]. To overcome the fouling, the co-current permeate flow

method has been developed, based on a concept suggested by Sandblom

[125], and is marketed by Tetra Laval and US Filter companies as the UTP

(uniform trans-membrane pressure) process. In this method, the permeate side

of the membrane module is also pressurised by pumping the permeate in a

closed loop parallel to the direction of flow of the retentate (Fig. 6)

Fig. 6: Conventional and co-current permeate operation flow [107]

The pressure drop on the permeate side of the loop is matched to the pressure

drop on the feed/retentate side of the loop, thus resulting in a uniform trans¬

membrane pressure (0.3-0.5 bar) along the entire length of the module [107].

The trans-membrane pressure can now be adjusted independently of the

crossflow velocity, and can thus be set at any level consistent with the limit of

the pump and module characteristics. With UTP on the entire microfilter area it

is possible to prevent the rapid clogging and fouling which is usually seen in
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conventional crossflow microfiltration systems [107] [114] [58].

The important parameters in the MF process are [107]:

- Microfiltration temperature: It is normally 50°C, but 35°C is also possible.

- Concentration ratio: The concentration factor can be 10 or 20 fold. A con¬

centration factor of 20 will minimise the amount of protein that is denatured

during the high temperature treatment (HTT: 130°C, 4s).

- Capacity: The flux of Membralox membrane is 500-700 L/m2h for perme¬

ate, depending on operation time, temperature and concentration factor.

The higher the flux the shorter the operation time,

- Operation time: The capacity of the microfiltration is adjusted to the

cheesemilk pasteuriser to obtain the same operation time of 8-10 hours.

2.2.4 Removal of Spores and Bacteria in Milk and its Application

The use of tangential microfiltration for the elimination of milk bacteria has been

proposed by Holm et al. [66] and Piot et al. [118]. The distribution of diameters

of fat globules is similar to that of the bacteria. With a pore size of 1.4 (im

spores and bacteria are almost completely rejected and casein micelles pass

through the membrane [30].

Microfiltration at 50°C reduces the bacteria count and spores in skim milk in the

range 2.6-2.8 Iog10 [62] [99] [148] [113] [30] [144] [40] [89] [65]. Studies on the

reduction of the microflora of milk by Trouvé et al. [144] showed decimal reduc¬

tions between 2 log (Pseudomanades species, Propionibacteria) and 3 log

(Lactobacillus, Citrobacter) and a value of 2.7 log was obtained for CI. tyrobuty¬

ricum. They also reported that the bacterial reduction is independent of the

level of the raw milk population in the range 102 -107 cfu/ml and that the mem¬

brane acted as a depth filter and not as a screen filter. Olesen et al. [113]

showed that the bacteria retention is not dependent on the concentration ratio

and circulation pressure.

At 35°C the decimal reduction of Salmonella cells was 2.5 units compared to

1.9 units for Listeria [98]. This may be related to the larger cellular volume of

Salmonella. Heating milk to 50°C increases decimal reduction of Salmonella by

MF treatment because of the heat sensitivity of the chosen species. Tempera¬

ture has a much less reducing effect on Listeria, which are known to be more

heat-resistant than Salmonella and their reduction level was not influenced by

contamination levels between 102 and 106 cfu/ml. Madec et al. [98] claimed that
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use of microfiltration leads to a considerable improvement in the bacteriological

and hygienic safety of raw milk cheese.

Jaubert et al. [73] studied bacterial treatment of goat milk by microfiltration at

40°C and reported a decimal reduction of 2,6 log for mesophilic flora.

The integration of the MF application into a whole milk process is being mar¬

keted as the "Bactocatch - process" (Fig. 7) [66] [107].

Surplus cream

Fig. 7: Bactocatch process for cheese milk [107]

The raw milk is sent from the storage tank to the balance tank and pumped

through the first regenerative section of the plate heat exchanger, where it is

heated to separation temperature and then fed into the separator. In the sepa¬

rator the raw milk is separated into cream and skim milk. The skim milk is ad¬

justed to 50°C in a High Temperature Treatment (HTT) section and fed into the

microfiltration unit. For an inlet capacity of 10'000 l/h two microfiltration loops

are required. 95% of the skim milk passes through the filter as permeate with a

very low bacteria content. 5% of the skim milk - the retentate - does not pass

through the filter and contains 99.5% of all the bacteria in the skim milk. The

bacterial concentrate is mixed with the cream which is used for standardising

the cheese milk and is subsequently heated to 130°C for 4s in the HTT section.

This temperature/time combination is recommended by Damerow [30]. Ac¬

cording to Olesen et al. [113] no significant changes in the bacteriological qual¬

ity of the milk were observed with temperature/time combinations of 130°C/5-6s

or 115°C/5-6s. Finally the permeate and the cream/retentate are remixed, ad¬

justed to the renneting temperature and fed into the cheese vats.

A similar MF process for bacteria and spore removal from milk was developed
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by APV [64]. Fig. 8 shows the main difference from the Bactocatch process: the

retentate is fed back into the feed product for the separator for repeated sepa¬

ration. In the separator some of the bacteria and spores are removed with the

separation sludge. Therefore cream is the only product to be heat-treated at

high temperatures. The permeate from the microfiltration plant is mixed with the

heat treated cream.

Retentate

Standardised

cheesemilk

Surplus
cream

Fig. 8: Microfiltration for cheesemilk (APV Pasilac AS) [64]

2.2.5 Chemical Changes in Microfiltered Milk

A protein and fat balance of a process with a capacity of 10'000 l/h is shown in

Fig. 9 [89]. The concentration ratio in the MF module system was 1:20. At con¬

centration ratios of 1:20 and 1:30 there is a difference of 0.4% in total protein

content between the concentrate and the filtrate, proving that the composition

of skim milk before and after microfiltration is almost independent of the con¬

centration ratio in the range 1:10-1:30. Analysis of N-fractions in retentate and

permeate also showed that only a slight concentration of casein takes place

whereas the Non-Casein Nitrogen (NCN) and Non-Protein Nitrogen (NPN) frac¬

tions remain unchanged in concentration [113].
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Fig. 9: Protein and fat balance of the integrated MF/HTT process [89]

According to Tziboula et al. [145], microfiltration with a membrane of 0.8 and

1.4 urn had an effect on the micellar size distributions in the permeate and re¬

tentate. The majority of large micelles were retained in the retentate whereas in

permeate smaller micelles with a narrower micellar size distribution dominated.

The permeate had a lower ß- and asi-casein content and higher amount of k-

and asi-casein than the retentate. The total solids content (TS) in the permeate

decreased slightly and consequently the TS content of the retentate increased.

Hoffmann et al. [65] reported that the 1.4 Ltm filter lowered the protein content

only by around 0.02% and concluded that 99.4% of protein passed through the

membranes. In retentate the protein increased by 0.19-0.31%. Investigations

showed that NCN in the mixture of MF permeate and HTT cream/retentate de¬

creased from 0.76% to 0.73% [113]. This may be taken as an indication that

the total chemical changes in the composition of the protein fraction during the

MF and HTT process are not significant.

2.2.6 Market Milk made from Microfiltered Milk

The first industrial use of the Bactocatch process was in Sweden for improving

the commercial shelf life of pasteurised milk [99], Experiments have shown that
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after pasteurisation of milk at 72-78°C/15 s, the total bacteria reduction was in

the range of 1-2 log units increasing the shelf life of milk to 10-12 days [90].

Microfiltration can be used prior to pasteurisation (72°C for 15 s) to reduce the

microbial count in the raw milk [62] [107] [90] [150]. The high retention of

spores of psychrotrophic aerobic spore-forming bacteria such as Bacillus sp.

extends the shelf life of market milk substantially. Tetra Pak proposed a proc¬

ess which includes MF, HTT of bacteria-rich retentate and cream (120°C for 4

s), and (after mixing of the previously separated fraction) pasteurisation (72°C

for 15 s) of the standardised milk [62] [90] [150]. MF in combination with pas¬

teurisation reduced the bacterial count in the range of 3-5 log units, which is

100-10'000 times better than pasteurisation alone. Provided that no recontami¬

nation occurs, the microbial quality of pasteurised milk can in this way be im¬

proved and a longer shelf life achieved. The resulting product has a fresh taste

and a shelf life of up to 45 days at 7°C [150]. Such milk is phosphatase-

negative and peroxidase-positive, like pasteurised milk [90],

A microfiltered pasteurised milk was introduced to the Canadian market in 1995

with 30 days guaranteed shelf life under refrigeration. The retentate was not

added back but used for other applications [41].

An unpasteurised microfiltered milk was launched in France with 15 days shelf

life in cold storage. The cream part of this milk had been heat treated at 90°C

and recombined by aseptic homogenisation with the microfiltered skim milk.

The retentate was used for cheese production. The milk is still phosphatase

positive [20].

2.2.7 Cheese made with Microfiltered Milk

In Sweden microfiltration prior to cheesemaking has been applied commercially
to milk for hard and semi-hard cheeses such as Grevé or Herregaard [95]. The

physical treatment of raw skim milk by microfiltration reduces the count of CI.

tyrobutyricum spores to the detection limit, thus making it possible to manufac¬

ture good-quality cheese from silage milk with a high initial count of Clostridia

spores, with no risk of late blowing. Lidberg et al. [95] claimed that the use of

the MF/HTT technique allows the manufacture of cheeses without addition of

nitrate to cheesemilk. Investigations showed that the renneting time is pro¬

longed by 10-15% owing to the high-temperature treatment of the cream and

retentate. The water content of the MF/HTT cheese was reported to be slightly

higher (0.5-1.0%) than that of the reference pasteurised cheese. The presence
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of more fines in the whey from microfiltered milk was also observed. The rip¬

ening of cheese made from such microfiltered milk was retarded compared to

cheese made from pasteurised milk. This could, however, be overcome by ac¬

celerating the ripening of the cheese at higher ripening temperatures. The fla¬

vour of the cheeses from microfiltered or pasteurised milk was comparable.

Bouton et al. [22] studied the influence of the indigenous microflora on the

physicochemical and sensory characteristics of Comté cheese by producing

experimental mini-cheeses from raw and microfiltered milk. The microfiltration

temperature was 35°C. The cream was pasteurised at 85°C for 30 s and re-

added to the MF milk. After 4 months of ripening, the chemical composition and

sensory quality of the cheeses were different. The content of acetic and propi¬

onic acid was lower in cheeses made from microfiltered milk suggesting that

Propionibacteria were eliminated by microfiltration. MF cheeses contained less

free amino acids and small peptides than cheeses made from raw milk. They

were also slightly bitter and poor in flavour. On the other hand, MF cheeses

were less acid and less pungent. The study showed that cheeses made from

raw milk had a better organoleptic quality than cheeses made from microfiltered

milk. Consequently the indigenous microflora influenced flavour development.

Demarigny et al. [33] [34] studied the influence of the raw milk flora in Comté

mini-cheeses. Three different milks were microfiltered and mixed together. The

three retentates, containing the natural microflora, were then added in three

different vats containing the mixture of MF milk. A fourth vat with mixed MF milk

was used as reference, since no retentate was incorporated. The mixture of the

three creams was pasteurised and added to MF milk. During the ripening the

population of starter bacteria, i.e. thermophilic streptococci and thermophilic

lactobacilli, consistently decreased in all cheeses from 108 to 105 cfu/g. The

Propionibacteria and the facultatively heterofermentative lactobacilli (FHL),

which were present in very low counts at the beginning of ripening, increased

rapidly to reach a final level of around 108 cfu/g after 6 weeks. Micrococcaceae

and enterocooci remained at a subdominant level, and coliforms and spores of

butyric acid bacteria were not detectable during ripening. The same indigenous

microflora enumerated in microfiltered milk cheese evolved identically, except

that the initial count was at a lower level. FHL were the dominant non-starter

lactic acid bacteria. These results agree with Beuvier et al. [19] who made ex¬

perimental mini-cheeses from raw milk (Ra), microfiltered milk (MF), pasteur¬

ised milk (Pa) and pasteurised milk mixed with microfiltration retentate (PR) in

order to study the influence of the indigenous microflora and pasteurisation on
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the quality of Swiss-type cheese. At the end of ripening Ra and PR milk

cheeses showed higher overall aroma intensity and pungency than MF and Pa

milk cheeses, characteristics which correlated with higher populations of FHL

(108 cfu/g), Propionibacteria (108 cfu/g) and enterococci (106 cfu/g).

It can be concluded that microfiltration reduces the count of indigenous micro¬

flora which is typical of raw milk and which contributes to the sensory and bio¬

chemical properties of raw milk cheese. Non-starter lactic acid bacteria

(NSLAB), consisting predominant of FHL, play a particularly significant role in

cheese maturation and flavour development [106]. In Swiss-type cheese the

FHL microflora can reach concentrations of up to 107-108 cfu/g of mature

cheese, which is several orders of magnitude higher than the concentrations of

other species such as enterococci or salt-tolerant microorganisms usually found

in cheese [74]. The reason for this is that they are able to utilise citrate and/or

ribose as energy sources for growth. The main products of citrate metabolism

are acetic acid, formic acid and C02, which contribute to flavour and eye forma¬

tion. FHL also have a significant influence on proteolysis, lipolysis and overall

quality of cheese [106] [10] [19].

The important role of the indigenous microflora of milk in ripening has been

demonstrated in Manchego cheese [52], in Cheddar [106], in Swiss type

cheese [22] and in Raclette cheese [50] [51]. In studies by Beuvier et al. [19],

Swiss-type cheeses made from raw and pasteurised milk showed more exten¬

sive proteolysis than cheeses made from microfiltered milk.

The reduction of the indigenous microflora either by centrifugation [60] or mi¬

crofiltration [102] leads to difficulties for cheese varieties with eyes. Maubois et

al. [102] manufactured MF Emmental cheeses with 'highly active' propionic

cultures added. After maturation the eye formation in the Emmental cheeses

was far from satisfactory, the holes were very big and located only in the centre

of the cheese. They concluded that in Emmental manufacture heterolactic fer¬

mentation is absolutely essential for obtaining a good distribution of the eyes.
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3 Materials and Methods

3.1 Microfiltration Equipment

The microfiltration unit (Tetra Alcross M, MFS-7 pilot plant, Tetra Pak Filtration

Systems, Denmark) used in these investigations was designed to be part of a

milk treatment plant for liquid milk or milk for further processing to cheese

(Sterilox membrane) (Fig. 10). Membranes with a specified pore size of 1.4 |im

were used and the area was 1.4 m2. Prior to microfiltration, the unit was pre¬

heated to 40°C with deionized water and the processing conditions determined

in preliminary experiments were adjusted to: inlet retentate pressure (PRI) of

4.26 bar, outlet retentate pressure (PRO) of 2.38 bar, inlet permeate pressure

(PPI) of 3.86 and outlet permeate pressure (PPO) of 2.28 bar, thus resulting in

a uniform average trans-membrane pressure (UTP) of 0.30 bar. The experi¬
ments with skim milk at 40°C were run at a PRI of 4.44 bar, PRO of 2.48 bar,

PPi of 3.96 bar and PPO of 2.40 bar, with a UTP of 0.40 bar. At 40°C the flux

was 300 l/m2h and the concentration ratio held constant at 1:20.

Fig. 10: Microfiltration equipment, MFS-7 pilot plant

The microfiltration unit was cleaned with 1% (v/v) Divos 124 (pH 12.4) (Diver-

seyLever, Münchwilen, Switzerland) at 80°C for 45 minutes and with 0.30%
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(v/v) with nitric acid (65%) at 50°C for 10 minutes. Prior to each experiment, the

filtration system was sanitised with sterile hot water (80°C).

3.2 Spore Suspension

10 kg grass silage of low quality (>106 spores/litre) was dipped into 50 litres of

0.8% NaCI-solution (NaCI (Merk Art Nr. 6404), Casein-Peptone (Merk Art Nr.

7213), aqua dest., pH 7.0), stirred for three hours at 25°C and filtered through a

sieve of 0.5 mm pore size. The filtrate was pasteurised for 2 min. at 80°C,

cooled to 8°C and portioned in 100 ml sterile bottles. The bottles were stored at

-24°C. The count of anaerobic spores was 109 spores/litre as determined by the

MPN method.

3.3 Model Cheese Production

3.3.1 Milk Treatment

Non-silage raw milk was separated into cream and skim milk at 30°C (Fig. 11).
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I
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Fig. 11 : Protocol of milk treatment
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Some of the skim milk was microfiltered at 40°C and some was not. Prior to

microfiltration the suspension of Clostridia spores was added to obtain a final

concentration of 5 x 104 spores/litre milk. Cream and MF retentate were sepa¬

rately HTT-treated (121°C for 4 s) and remixed with the MF skim milk in the

sterilised vat at 40°C. To the untreated raw skim milk HTT cream was added in

the vat at 40°C.

The raw skim milk (untreated and MF permeate) and the MF retentate were

examined for bacteriological quality (enterococci, enterobacteriaceae, psychro-

trophs, Propionibacteria, facultatively heterofermentative lactobacilli and an¬

aerobic spores of Clostridia) and relevant chemical composition (total nitrogen

TN, non-protein nitrogen NPN, calcium and rennetability).

3.3.2 Influence of Lipase

The addition of cream to raw skim milk for adjusting the fat content of

cheesemilk can lead to rancidity in cheese caused by the indigenous lipase. To

reduce the risk of rancidity in cheese to a minimum following investigations

were performed: the fat content of cheesemilk was adjusted in three different

ways: addition of raw cream at 4°C, of HTT (121°C, 4 s) cream at 4°C and of

HTT cream at 40°C. As an indicator for lipolytic activity in raw skim milk n-

caproic acid in cheese after 90 d was determined.

It was evaluated whether lipases can pass through the MF membrane. For this

reason part of the fresh skim milk was microfiltered at 40°C, standardised in fat

content and processed to semi-hard cheese as shown in Fig. 12. The remain¬

der of the skim milk was stored for seven days at 4°C, then microfiltered at

40°C, standardised with 35% fat and processed to cheese. Psychrotrophs as a

source of lipase and n-caproic acid as an indicator of lipolysis were determined

in fresh and 7 d stored milk prior to processing as well as in cheese after 90 d

ripening.

3.3.3 Manufacture of Model Cheeses

Semi-hard cheeses (Raclette and Mountain type cheeses) were produced in

the pilot plant of the FAM (Swiss Federal Dairy Research Station, Liebefeld,

Bern, Switzerland) according to the manufacturing protocol in Fig. 12.
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Model Mountain cheese Model Raclette cheese

80 L inoculated with Cheese milk 70 L inoculated with

thermophilic starter culture Sterilised steel vat 2 U (2 g) mesophilic starter cul¬

(RMK291.FAM Liebefeld)
V

ture (MA011, Texel, Winkler)

31 °C, 15 min Pre-ripening

I

28°C, 45 min

15 ml in 2 L water Rennet

(Standard Labextrakt,

Winkler, Switzerland)

\

Coagulation

12 ml in 1 L water

32 °C, 35 min 32°C, 30 min

i

Curd grain size: Cutting Curd grain size:

8-20 mm
N/

10-20 mm

10 L water Curd washing

I

30 L water

45°C in 20 min Scalding

i

38°Cin15min

45°C, 20 min Stirring

Moulding

i

38°C, 15 min

45 -> 35°C in 20 h Pressing 35 -> 25°C in 20 h

6 bar: 15 min;
v-1

6 bar: 15 min;
8 bar: 30 min 8 bar: 30 min

24 h Brining

i

24 h

14-15°C, 120d Smear ripening 9-10°C, 90d

Fig. 12: Standard protocol for manufacture of smeared semi-hard cheeses

The cheesemilk as well as the cheeses at the end of maturation were examined

for their bacteriological quality (enterococci, enterobacteriaceae, psychrotrophs,

propionibacteria, facultatively heterofermentative lactobacilli and anaerobic

spores of Clostridia). The pH of the cheeses was measured after 4 h, after 24 h

and at the end of ripening. Total lactic acid, free short-chain acids, total nitrogen

(TN), soluble nitrogen fraction at pH 4.6 (SN4.6), non-protein nitrogen (NPN)

which is the 12 % trichloroacetic acid soluble fraction, sensory characteristics

and melting quality were analysed at the end of maturation.
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3.3.4 Full Factorial Experimental Design

An experimental design based on an unreplicated 25 full factorial treatment

structure in four blocks of eight cheese vats was chosen. This design allows the

efficient use of resources to study several treatments simultaneously [11] [68]

[105].

3.3.4.1 Addition of Adjunct Cultures

The objective of the first series of cheese trials was to produce a cheese from

microfiltered raw milk and to determine differences in microbial and chemical

composition as well as in sensory properties compared to conventionally pro¬

duced raw milk cheese. The reduction of indigenous flora by microfiltration was

compensated by addition of four adjunct cultures.

The five factors in the first series of cheese trials were:

Factor A: Microfiltration: skim milk microfiltered or not microfiltered.

Factor B: Adjunct culture: Lactobacillus helveticus. Added or not added.

Factor C: Adjunct culture: Lactobacillus casei, Added or not added.

Factor D: Adjunct culture: Micrococcus sp. Added or not added.

Factor E: Adjunct culture: Candida utilis. Added or not added.

Bacterial cultures of Lactobacillus helveticus (EZAL LH 100), Lactobacillus ca¬

sei (Lacto-Labo LBC 82), Micrococcus sp. (Lacto-Labo MVS) and Candida utilis

(Lacto-Labo CUM) were obtained from Texel Winkler, Konolfingen.

The milk was treated as shown in Fig. 11 and cheeses were manufactured as

described in Fig. 12. The four selected strains were added together with the

starter culture (Fig. 13).

The four adjunct cultures L helveticus, L. casei, Micrococcus sp., Candida utilis

and the microfiltration each represented a treatment factor with two levels (mi¬
crofiltered or not microfiltered / added or not added.). The combinations of

these factorial levels defined the treatment which was applied to an experi¬
mental unit, in this case the vat. For the example in Tab, 1, Treatment 25, Vat

1, the combination of factors A (microfiltered), B (absent), C (absent), D (ab¬

sent) and E (absent) was applied to a single vat.
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Standardised

untreated raw milk

Standardised

raw MF milk

Standard cheesemaking and ripening conditions

1

Raw milk

semi-hard

cheese

MF milk

semi-hard

cheese:^1

_Addition of

adjunct cultures

Fig. 13: Multifactorial experiment with microfiltration and adjunct cultures

A complete 2 factor experiment requires a total of 32 cheeses. Since the pilot

plant equipment consisted of only eight vats, the experiment had to be carried

out in four different blocks (days). Consequently, systematic day-by-day varia¬

tions in milk composition and bacteriological status were confounded between

the four blocks. The blocking factor was thus met on two four way interactions.

Each day the eight treatment combinations were allocated to the vats at ran¬

dom.

The factorial treatment structure described allows not only the effects of a num¬

ber of factors to be studied in the same experiment, but also the investigation of

interactive effects between at least two different species and/or milk treatment.

In addition, a reasonable number of hidden replicates leads to a reliable com¬

parison of response variables for the treatment factors. The application of such

a full factorial experiment takes advantage of hidden replication. Each level of

the five factors (A, B, C, D and E) had 16 hidden replicates; each two-way in¬

teraction, e.g. A (microfiltration), B (absent), C (present), D (absent), E (absent)
= A x C, had eight hidden replicates. Replication is required to estimate residual

variation.
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Tab. 1 Full factorial experimental design of the model cheese production

Treat Factor A Factor B Factor C Factor D Factor E Day* Week** Vat
***

ment

1 _ _ + 2 1

2 + _ - _ - _ 1 1

3 _ + ~~ _ _ - 1 3

4 + + _ _ _ + 2 3

5 __ _ 4- - — 1 5

6 + ._ ,- — . + 2 5

7 _ + -r
- _ 4 2 7

8 + + + ^ _ _ 1 7

9 - _ + - _ 2 1

10 + _ „ 4- .. + 1 1

11 _ + _ 4 _ + 1 3

12 + + - + _ - 2 3

13 _ _ + + - + 1 5

14 + _ 4- + _ _ 2 5

15 _ + + + - _ 2 7

16 + + i + _ + 1 7

17 _ _ _ - + + 1 8

18 + _ _ - + . 2 8

19 „ + _ _ + _ 2 6

20 + + - - + + 1 6

21 _ „ + _ + - 2 4

22 + _ + - t- -i 1 4

23 _ + + — + 4 1 2

24 + + + __ + - 2 2

25 _ _ _ + + _ 1 8

26 + _ - + + + 2 8

27 _ + _ h f + 2 6

28 + + _ + + _ 1 6

29 - .. + + + + 2 4

30 + _. -f + + _ 1 4

31 _. + + + + ._ 1 2

\J£Ù + + + 4 i- + 2 2

4- = present or microfiltered; - = absent or not microfiltered; *day (A*B*C*D) = day of manufac¬

ture; **week (A*B*C*E)= week of manufacture: ***

randomised

3.3.4.2 Reconstruction of Raw Milk Flavour

Experience gained from the design, planning, execution and evaluation of the

first series of cheese trials was employed in a second series of cheese trials to

investigate the further influence of technological parameters for the reconstitu¬

tion of raw milk flora on the sensorial properties and biochemical characteristics

of model cheeses.

The five factors in the second series of cheese trials were:
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Factor A: Microfiltration: skim milk microfiltered or not microfiltered.

Factor B: Addition of non silage raw milk. Added (1%) or not added.

Factor C: Additional preripening of cheesemilk. 40 min. or no preripening.

Factor D: Adjunct culture: Lactobacillus casei. Added or not added.

Factor E: Ripening temperature. Normal or 2°C higher.

The adjunct culture Lactobacillus casei (Lacto-Labo LBC 82) from Texel Win¬

kler, Konolfingen was used. The milk was treated as described in Fig. 11. Both

cheese varieties were manufactured according to the protocol for cheesemak¬

ing (Fig. 12). Raw milk and L. casei were added together with the starter culture

and the cheesemilk was additionally preripened for 40 min. in the vat and

cheeses ripened at two different temperatures (Fig. 14).

Standardised

untreated raw milk

Standardised

raw MF milk

^ ^
Addition ot raw milk

^ i
1 r

Addition of L. casei

\ vat U- —A v
*

I
31 r% Additional preripening

*\ f i r

d ~z^
4

d ^~^|
Raw milk

semi-hard

v^cheese^y

MF milk

semi-hard

v^_cheese^_^y

4
Two different

ripening temperatures

Fig. 14: Multifactorial experiments with microfiltration, addition of raw milk and

L. casei, additional preripening and different ripening temperatures

Each treatment factor (microfiltration, raw milk, preripening, L. casei, ripening

temperatures) was on two levels. The combinations of these factorial levels de¬

fined the treatment which was applied to an experimental unit, in this case the

vat. For the example in Tab. 1, Treatment 10, Vat 1, the combination of factors

A (microfiltered), B (absent), C (absent), D (present) and E (absent) was ap¬

plied to a single vat.
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3.3.5 Simplex Lattice Experimental Design

"Mixture designs" such as simplex lattice experimental designs are used for

situations where different excipients are mixed to obtain optimal characteristics.

To optimise the composition of a three component mixture, the simplex experi¬

mental design is a triangle [100]. The favourable effect of a triangle experi¬

mental design is that only those compositions are made where the sum of the

components is exactly equal to 100%. (In this case a three factor design would

apply at 23 with levels 0 and 100% and several of the compositions would lead

to wrong results, for instance 0% in total and 300% in total.)

The experimental design of the third series of cheese trials contained three

components (raw milk (x-i), pasteurised milk (x2) and microfiltered milk (x3)) with

seven points (variants) and is called special cubic model design [100]. The dis¬

tribution of the experimental points in the ternary diagram is shown in Fig. 15.

Fig. 15: Simplex special cubic model design (variants: 1 - 7)

The seven points are used to compute the coefficients (bi, b2,
..., b-123) which

can be determined by a canonical equation:

Equation 1 : y = Mi 4- b2x2 + b3x3 4- bi2xix2 + b13xix3 + b23x2x3 4- bi23Xi x2x3

The special cubic model design for three components is given in Tab. 2. One

experiment requires a total of 7 cheesemaking runs. The indices of the re¬

sponse refer to the composition of the mixtures. Response y123 means that

components x1( x2, x3 are present in equal proportions. Since the pilot plant

equipment consisted of eight vats, variant 7 was manufactured in duplicate.

Each day the eight treatment combinations were allocated to the vats at ran¬

dom.
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Tab. 2: Three component special cubic design for model cheese production

Variant Raw milk xi Past, milk x2 MF milk x3 Response Vat *

[%] [%] [%]

100 0 0 yi
0 100 0 Y2

0 0 100 Y3
50 50 0 yi2

0 50 50 Y23

50 0 50 yi3
33.3 33.3 33.3 yi23

33.3 33.3 33.3 yi23
*

randomised

The objective of the third series of cheese trials was to investigate the influence

of ripening temperature at four levels (11cC/14°C/17oC/20°C for model Raclette

and 14°C/17°C/20°C/23°C for model Mountain cheese) and of ripening time at

two levels (60 days/90 days for model Raclette and 90 days/120 days for model

Mountain cheese) on quality of cheese made from raw milk, pasteurised milk

and microfiltered milk. The reason for the application of the special cubic model

design was to differentiate between the chemical and microbiological effects of

the milk treatment. As described in 3.3.3 cheese quality was determined in

terms of microbial flora, proteolysis, chemical composition and metabolites,

sensory characteristics and melting quality.

The milk for all cheeses was treated as described in Fig. 11, and the cheese

were manufactured according to the standard protocol in Fig. 12. The pasteuri¬

sation was carried out in the cheese vat (at 75°C for 4 s). For each temperature

both cheese varieties were manufactured in duplicate.

3.3.6 Statistical Analysis

3.3.6.1 Full Factorial Experiment

The response variables of the full factorial experiment (25) were analysed with

SYSTAT (Systat for Windows, Version 7.0.1, SPSS, Chicago 1997) using GLM

(general linear model). The analysis of variance (ANOVA) generates for each

treatment a sum of squares with one degree of freedom and, thus, a mean

square which is simply the corresponding sum of squares. Since it is a single

replicate design, there are no degrees of freedom for estimating error [69].
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However, in order to test for significance of an effect, the mean square needs to

be compared with the error mean square. Three-way and higher order interac¬

tions can be assumed to be negligible and, thus, provide an estimate of error.

Moreover, with the experimental design chosen, it is not possible to know

whether a three-way interaction is really a three-way interaction of three treat¬

ment factors or a two-way interaction of the blocking and the remaining treat¬

ment factor. Consequently, to obtain a general linear model (GLM) all three-way

interactions were omitted. Two four-way interactions were the blocking factor.

To select a final model, effects were calculated and plotted in a Pareto chart.

Only treatments with obviously relevant effects were included in the model cal¬

culating the corresponding P-values.

3.3.6.2 Simplex Lattice Experiment

The special cubic model design can be expressed as a graph in a triangle

shape determined by seven points of cheeses made from differently milk

treated milk. Each axis of the graph represents the cheeses from one of the

three milk treatments with the mixture composition from 0 to 100 %. Based on

the seven determined variants (points) the software SYSTAT (Systat for Win¬

dows, Version 7.0.1, SPSS, Chicago 1997) calculated the corresponding

curves in the simplex lattice diagram. The size of each of the seven points rep¬

resents the measured mean value of the cheeses.

3.4 Composition Analysis

3.4.1 Spore and Bacterial Count

The spores of butyric acid bacteria were determined (7 d at 37°C) using the

most probable number method (MPN) with four tubes for each dilution [54],

The non-fermenting bacterial flora was analysed on sugar free agar without

penicillin (3d at 30 °C) [128],

Enterobacteriaceae were analysed on VRBG agar (1 d at 37 °C) [128],

Enterococci were analysed on kanamycin-aesculin-azide agar medium (2 d

37°C)[112],

Propionibacteria were analysed on lactate agar (10 d at 30 °C) [128].
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Psychrotrophs were analysed on standard methods agar including 1.0 g skim

milk powder per litre (10 d at 6.5°C) according to FIL [43].

Salt-tolerant bacteria were analysed on mannite-NaCI agar (2 d at 37 °C) [128].

Facultatively heterofermentative Lactobacilli were anaerobically analysed on FH

agar with mannite (3 d at 38 °C) [72],

3.4.2 Determination of N Fractions

Total nitrogen, pH 4.6 soluble nitrogen (SN4.6) and non-protein nitrogen (NPN),

which is the 12 % TCA soluble nitrogen, were determined by the Kjeldahl

method according to IDF Standard 20A [70] with a BCichi B-435 digestion unit

and a Büchi B-339 distillation unit (Flawil, Switzerland).

The SN4.6 and NPN fractions were prepared according to the instructions of

Collomb et al. [28]. The results were expressed in % of total nitrogen content.

3.4.3 Determination of Free Short-Chain Fatty Acids

Free short-chain acids, which are free fatty and organic acids, were determined

gas-chromatographically using a flame ionisation detector after isolation by

steam distillation. The method had been described in detail by Badertscher et

al. [12].

3.4.4 Determination of L- and D-Lactic Acid

L- and D-lactic acid were analysed enzymatically according to the instructions

of the test set supplier [2]. The total lactic acid content was obtained by adding

up the two fractions.

3.4.5 Determination of Calcium

Calcium was determined by AAS Varian SpectrAA-800 [151].

3.4.6 Determination of the pH

A Calimatic Knick pH meter (Auer Bittmann Soulié AG, Zurich, Switzerland) was

used to determine the pH. The method is described in [127].

3.4.7 Rheological Properties

The rennetability of milk was measured with a Formagraph (N. Foss & Co.)
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[49]. Rheological properties of cheese such as penetration depth, deformation

and force at fracture and force at 33.3% deformation were determined accord¬

ing to Eberhard [36],

3.4.8 Sensory Analysis

The sensory characteristics of the model cheeses were judged by a group of six

cheese experts of the FAM according to a standard protocol. Thus, the experts

were familiar with all the attributes applied, which included flavour (score: low¬

est 1 to best 6), texture (score: lowest 1 to best 6), preference (score: lowest 1

to best 6) and intensity of aroma (score: lowest 2 to highest 8).

In addition, selected model cheeses were judged by a professional panel of 12

experts of the FAM according to [6], who determined the aroma, odour and

taste (sweet, saltiness, acidic and bitter), each with a score between 1 and 7.

The maximum score was always the strongest sensory property of the attribute

in question.

3.4.9 Melting Quality of Model Raclette

The melting quality of the model Raclette was judged by a panel of five experts

of the FAM according to a protocol with four attributes: separation of fat (score

slight 1 to strong 5), viscosity (liquid 1 to viscous 7), consistency (short 1 to long

7) and firmness (soft 1 to solid 7). In addition the softening and dropping point

was measured with an automatic Mettler-Thermosystem 800 with the Dropping

point cell FP 83 [39].
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4 Results and Discussion

4.1 Milk Treatment by Microfiltration

As a first step non silage milk was separated into cream and skim milk at 30°C.

The raw skim was either microfiltered at 40°C or not microfiltered. Prior to mi¬

crofiltration a suspension of spores was added to achieve a final concentration

of 5 x 104 spores/litre of milk. To evaluate the efficiency in reduction of spores

and bacteria and to detect chemical changes, the milk was examined bacte-

riologically and chemically before and after microfiltration.

4.1.1 Reduction of Spores and Bacteria

Microfiltration with a pore size of 1.4 urn was applied to reduce the count of

clostridial spores in milk thus, avoiding butyric acid fermentation in cheese. Be¬

side the spores the bacteria in milk are also removed to a great extent. To in¬

vestigate the efficiency of removal of spores and bacteria, raw skim milk was

contaminated by addition of anaerobic clostridial spores of CI. tyrobutyricum at

four different levels with approx. 500, 5'000, 25'000 and 100'000 spores/litre.

The exact spore count in milk before and after microfiltration was determined

and the efficiency of removal calculated (Tab. 3).

Tab. 3: Efficiency of spore reduction

Count of spores [logl 0/litre]

Skim milk
_

2J3 3J3_ 4.4 5.0

MF milk nd nd nd nd

Reduction [%]
_^

>97.00 >99.70 >99.95 >99.98

nd: not detectable, i.e. below the detection limit of <25 spores/litre

As shown in Tab. 3., the spore count was reduced to below the detection limit

of <25 spores/litre, independently of the level of contamination. This high effi¬

ciency in removing clostridial spores allows the manufacture of cheese from

milk of silage-fed cows without additives and with a low risk of late blowing in

cheeses. Fig. 16 shows Mountain cheeses made from silage milk with 105

spores/litre with and without microfiltration, The cheese made from unfiltered



Results and Discussion 38

milk developed visual and sensorial signs of late blowing whereas the cheese

made from microfiltered milk did not.

Fig. 16: Mountain cheese from silage milk with 105

spores/litre, ripening time 120 d; above: without

microfiltration; below: with microfiltration

For the high efficiency of removal of spores by microfiltration it may be of im¬

portance in which form the spores of CI. tyrobutyricum are mainly present, i. e.

free or in the vegetative cells as endospores. Endospores are subterminal and

the cell are swollen, having a length of 2 to 13 urn compared to spores in a free

form, with a diameter and length of less than 2.0 urn. Fig. 17 shows that the

spores in the suspension added to raw skim milk prior to microfiltration were

mainly present in a free form and not as endospores. As the diameter of the MF

membrane was 1.4 urn it could not be excluded that a number of spores in free

form would pass the MF membrane.

Fig. 17: Pasteurised suspension of spores
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The results in Tab. 3 prove that the rejection of the added spores by the MF

membrane, regardless of whether they were free or in vegetative cells, was

practically complete.

The analysis of bacterial composition of skim milk before and after microfiltra¬

tion was carried out for all cheese manufacturing experiments to evaluate the

efficiency of bacterial reduction. In Tab. 4 the mean values of 8 microfiltration

processes are summarised. Microfiltration led to a significant reduction in the

indigenous raw milk flora of skim milk. Bacteria such as enterobacteriaceae,

enterococci, psychrotrophs and Propionibacteria which can have an influence

on the sensorial properties of cheese such as taste and appearance, were

eliminated to a great extent. Enterobacteriaceae, enterococci and Propionibac¬

teria were reduced below the detection limit of 10 cfu/ml.

Tab. 4: Microbial composition [Iog10 cfu/ml] of skim milk and of MF milk (Mean
values n=8, standard deviation SD and t-test)
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i c
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o
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-Q.B t-tole teria

*-' o u tt >> Q. o ° -= CJ
C l- <= o <« 2 « o J- CO CO CO
LU B UJ o u_ J5 0_ i= CL jQ (J) -Q

Skim milk 2.02 3.15 1.59 4.86 1.14 4.06

SD 0.97 0.52 0.47 0.92 0.52 0.13

MF milk nd nd nd 1.68 nd 1.07

SD _ _ _ 0.67 - 0.50

ttest •/*-i- *** **# .**# *** .*/.';£ ,y.j

effects: ns not significant;
*

p<0.05; **p<0.01; ***p<0.001; nd: not detectable, i.e. below the

detection limit of 10 cfu/ml; f-test: for nd a value of 5 cfu/ml was assumed for calculation

Psychrotrophs were present at a level of max. 102 cfu/ml. Facultatively hetero¬

fermentative lactobacilli (FHL), which can be of importance for the flavour of

cheese, were not detectable in MF milk. The reduction ranged between 99 and

99.98% with the exception of enterobacteriaceae, FHL and Propionibacteria,
where the initial count in raw milk was already extremely low. The conclusion of

Trouvé et al. [144] that the rate of reduction of bacteria and spores by microfil¬

tration is independent of the initial count of skim milk in the range 102-107

cfu/ml was confirmed.
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4.1.2 Chemical Composition

Skim milk was analysed for its chemical composition before and after microfil¬

tration to evaluate chemical differences which could have an impact on the

cheese manufacturing properties. In Tab. 5, the mean values of 8 microfiltration

processes are summarised. With regard to the components fat, protein, cal¬

cium, phosphorus and non protein nitrogen (NPN) there were no significant

quantitative differences between the skim milk before and after microfiltration.

In the retentate the concentration of fat and protein was significantly higher be¬

cause of a concentration factor of 1:20,

Tab. 5: Chemical composition [g/kg] of initial skim milk, MF milk, retentate

(Mean values n=8, standard deviation SD and t-test)

Fat Protein Calcium Phos- NPN

phorus

Skim milk 0.62 33.76 1.27 0.93 0.25

SD 0.17 0.51 0.04 0.02 0.01

MF milk 0.42 33.72 1.30 0,92 0.25

SD 0.16 0.55 0.09 0.02 0.01

Retentate 2.55 35.62 1.31 0.96 0.27

SD 1.40 0.59 0.05 0.06 0.04

f-test

skim milk/MF milk ns ns ns ns ns

skim milk / retentate •-•- --•- ns ns ns

MF milk/retentate -^ ns ns

effects: ns not significant; *p<0.05; **p<0 01, ***p<0.001

The results with regard to the protein content before and after microfiltration

agree with the observations of Olesen et al. [113] and Lidberg et al. [95], who

reported that no differences could be detected in protein content between the

MF milk and the skim milk. Contrary to the above results, Vincens at al. [148]

and Bouton et al. [22] obtained a slight retention of protein by the MF mem¬

brane and consequently less protein in the MF milk.

4.1.3 Influence of Lipase

The addition of cream to raw skim milk for adjusting the fat content of

cheesemilk can lead to rancidity in cheese caused by the indigenous lipase,

especially when the fat globules are mechanically damaged during high-

temperature treatment (HTT) or the raw cream is of low bacterial quality (con-
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taminated with Escherichia coli). To investigate the procedure with the lowest

risk of rancidity in raw milk cheese, the fat content of cheesemilk was adjusted

in three different ways: addition of raw cream with 4°C, of HTT (121°C, 4 s)

cream with 4°C and of HTT cream with 40°C, As an indicator of lipolytic activity

in raw skim milk n-caproic acid in cheese after 90 d was determined.

Addition of raw cream with 4°C to MF milk at 30°C led in the 90 d ripened

cheeses to a level of 0.74 mmol/kg n-caproic acid and to a strong rancid flavour

caused by the indigenous lipase (Fig. 18). The addition of HTT cream at 4°C to

MF milk at 30°C led to a lower level of n- caproic acid but the cheeses still had

a slight rancid flavour. The explanation for this is that the HTT cream with 4°C

added to MF skim milk at 30°C warmed up and reached the temperature range

between 15 and 28°C where the content of 'free fat' of HTT cream was in¬

creased and lipases of MF skim milk reduced the free fat to n-caproic acid [91].
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Fig. 18: Influence of the cream on the content of n-caproic
acid in cheeses after 90 d ripening (n=16)

HTT cream added with 40°C resulted in cheeses without any rancidity, as al¬

most no free fat of the HTT cream was available at temperatures above 35°C.

Thus the best way to standardise microfiltered raw skim milk at 30°C proved to

be the addition of HTT cream with 40°C,

The MF membrane removes spores and bacteria to a great extent whereas en¬

zymes should be able to pass through the membrane with a pore size of 1.4

urn. To evaluate whether enzymes can pass through the membrane the follow¬

ing experiment was performed: one part of fresh skim milk was microfiltered, fat

standardised and processed to Raclette cheese. The other part was stored for
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7 d at 4°C and then microfiltered, fat standardised and processed to cheese.

Psychrotrophs as a source of lipase and n-caproic acid as an indicator of li-

poiysis were determined in the fresh and stored milk prior to processing as well

as in cheese after 90 d ripening. As Fig. 19 shows, lipases can pass through

the MF membrane. Fresh milk and skim milk stored for 7 d at 4°C and then mi¬

crofiltered had a psychrotroph count of less than 103 cfu/ml. After 90 d of rip¬

ening cheeses made from fresh milk showed a psychrotroph count of 500

cfu/ml and in cheeses made from 7 d stored MF milk the psychrotroph count

was only 10 fold higher (4900 cfu/ml), This low psychrotroph count in cheeses

from 7 d stored MF milk can not be the reason for 1.2 mmol/kg n-caproic acid

and consequently the very rancid acid flavour in cheeses. During the 7 d stor¬

age of the skim milk at 4°C the psychrotrophs must have produced lipases

which then passed through the MF membrane and led to lipolysis of fat in

cheeses during the 90 d ripening. It is therefore important that the initial milk for

cheesemaking is of good bacteriological quality, as enzymes can pass through

the MF membrane.
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4.2 Cheesemaking Experiments

4.2.1 Control Parameters

Specific control parameters were chosen to investigate the suitability of micro-

filtered milk for cheesemaking and to standardise the manufacturing process in

terms of coagulation time, amount of cheese fines in the whey, pH, and the lac¬

tic acid, water, calcium and fat in dry matter content of the cheeses. Of addi¬

tional interest was the yield of MF cheese versus control cheese made from

untreated raw milk.

The coagulation time of 32 untreated and 32 MF cheesemilks was measured

with the Formagraph. The results are summarised in Tab. 6. Untreated raw

cheesemilk contained on average 9.7% HTT cream (of the total amount of

cheesemilk) and MF cheesemilk 14.7% HTT cream/retentate (of the total

amount of cheesemilk).

Tab. 6: Mean values (n=32) and standard deviation (SD) of coagulation time

of untreated and MF cheesemilk

Coagulation time [min.]

Mean values SD

15.87 1.07

16.34 1.08

ns -

The coagulation times of MF cheesemilk and untreated cheesemilk were prac¬

tically in the same range. This result can be explained by the fact that both

contained partially HTT treated substrate and almost equal amounts of protein

(see 4.1.3). Lidberg et al. [95] reported that the coagulation time was five min¬

utes longer for microfiltered milk (total coagulation time 30 minutes) and Olesen

et al. [113] estimated that microfiltration increases the rennetability by approx.

10%. The observations of Lidberg et al. [95] that the coagulum of MF milk is

more sensitive at the time of cutting than untreated milk and that MF resulted in

more cheese fines in the whey were confirmed in the present work. The mass

balance showed that microfiltration at 12°C resulted in 50% more cheese fines

in the whey than after microfiltration at 40°C or in the whey from untreated milk

[92].

Untreated cheesemilk

MF cheesemilk

f-test

ns not significant
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pH and lactic acid content provide information about the acidifying and de-

acidifying activity of microorganisms in general. Tab. 7 shows the mean pH

value of 32 cheeses at different maturation stages. After 4 h and 24 h the acidi¬

fication by the added mesophilic lactic acid bacteria (LAB) starters composed of

Lactococcus lactis subsp. lactis and subsp. cremoris led to a decrease in pH in

the Raclette without any significant difference between untreated and MF

cheeses and the pH after 24 h indicated a comparable culture development in

untreated and MF milk. After 90 d of ripening the pH increased as a result of

lactic acid degradation by microorganisms on the cheese surface and of alka¬

line metabolism products of proteolysis. No difference in pH between control

and MF cheese was detectable. The L(+) lactic acid content after 24 h was sig¬
nificant higher in MF cheese, which is due to the higher water content of MF

cheese as more lactose was available. However, the difference in lactic acid

content between the control cheeses and MF cheeses was too small to be of

technological relevance.

Tab. 7: Mean values and standard deviation (SD) of compositional analysis of

Raclette cheeses from untreated and MF milk (n=32)

Untre

Mean

5.49

5.11

5.58

ated MF

SD

0,09

0.06

0.08

Mean SD f-test

pH values after 4 h

after 24 h

after 90 d

5.53

5.10

5.59

133.3

0.4

454.6

413.1

0.08

0.08

0.07

ns

ns

ns

L(+) lactic acid [mmol/kg] after 24 h

D(-) lactic acid [mmol/kg] after 24 h

130.0

0.4

441.5

399.2

19.3

48.4

7,1

299.9

512.0

2.6

0.6

18.0

16.4

2.8

0.5

21.5

12.1

,"s ;: ;/.

ns

Water content [g/kg] after 24 h

after 90 d
i* "£' "£

NaCI [g/kg] after 90 d

NaCI / water [g/kg] after 90 d

2.2

4.3

21.5

51.9

7,2

301.2

508.4

1.5

3.7 •J; <- v.V

Calcium [g/kg] after 90 d

Fat content [g/kg] after 90 d

Fat in dry matter [g/kg] after 90 d

0.3

11.8

8.8

0.3

10.1

16.1

ns

ns

ns

effects: ns not significant; *p<0.05; **p<0 01; ***p<0,001

The water content of MF cheeses after 24 h and 90 d was significantly higher
than that of control cheeses. This was due to weaker syneresis caused by the

microfiltration itself and by the addition of HTT retentate and HTT cream with a

higher water-binding capacity. Although not supported by figures, this is an ob-
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servation made in the manufacture of a large number of cheeses. The higher
water content of MF cheese led to an increase in absorption of salt during brin¬

ing and therefore to significant differences in salt content between untreated

and MF cheese. Microfiltration had no influence on the content of calcium and

fat content in cheese after 90 d,

Lehmann et al. [92] showed that the yield of MF cheese with addition of HTT

retentate/cream (kg cheese/100 kg milk) was 0.3-0,4 kg higher than the yield of

fat standardised control raw milk cheese. The increase in yield of MF cheese

was mainly due to the higher water content. These observations are in agree¬

ment with Lidberg et al. [95], who reported only 0.1-0.2 kg higher MF cheese

yield compared to the reference cheese and showed that the yield based on kg

dry matter/100 kg milk did not differ between MF cheese and reference cheese.

4.2.2 Addition of Adjunct Cultures

The objective of the first study was to produce a good-quality cheese from mi¬

crofiltered raw milk and to determine differences in microbial and chemical

composition and in sensorial characteristics compared to conventionally pro¬

duced raw milk cheese. Reduction of indigenous flora by microfiltration was

compensated by addition of four adjunct cultures such as L. helveticus, L. ca¬

sei, Micrococcus sp. and Candida utilis.

A full factorial experimental design was applied. The four adjunct cultures and

the microfiltration represented five treatment factors, each at two levels (addi¬
tion or not/microfiltration or not), thus, resulting in 32 treatment combinations

(units). Since the pilot plant equipment only consisted of eight vats, the experi¬

ment had to be carried out in four different blocks. The blocking factor was met

on the day-to-day variation. Such a factorial treatment structure allows not only
the effects of a number of factors to be studied in the same experiment, but

also interactive effects between at least two different factors to be investigated.
In addition, a reasonable number of hidden replicates leads to a reliable com¬

parison of response variables for the treatment factors. The experiment was

carried out with a Raclette type cheese smear ripened for 90 d at 9-10 °C and

with a Mountain type cheese smear ripened for 120 d at 14-15 °C. The results

for Mountain are summarised in chapter 4.2.5.
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4.2.2.1 Bacterial Count

The standardised cheesemilk for the manufacture of the model cheeses was

analysed for bacterial counts (Tab. 8). The untreated cheesemilk was of good

bacterial quality since the total count did not exceed 105 cfu/ml. In MF

cheesemilk psychrotrophs were present at a level of max. 200 cfu/ml. The

counts of enterococci, Propionibacteria and salt tolerant bacteria were below

100 cfu/ml and enterobacteriaceae and facultatively heterofermentative lacto¬

bacilli (FHL) were not detectable, i.e. below 10 cfu/ml.

Tab. 8: Bacterial count [Iog10 cfu/ml] of milk for the manufacture of Raclette

cheeses (Mean values n=16, standard deviation SD)

_(__*

c

o IZZ CO
rrt CD , i l 1~~

Standardised terob iacea
i

O

CD Ü
*-' ü c.

het tobac
o

SZ CO Dpion cteria It-tole cteria
cheesemilk w b

C o
LU o LJ_ ®

« o

Q. i:
i- CO
Q- J3

,"5 Ä
CO _a

Untreated milk 2.02 3.15 1.60 4.86 1.14 4.06

SD 0.97 0.52 0.47 0.92 0.52 0.13

MF milk nd 0.82 nd 1.68 0.84 1.07

SD - 0.04 _ 0.67 0.40 0.50

nd: not detectable, i.e. below the detection limit of 10 cfu/ml

The microbial composition of Raclette cheeses after 90 d of ripening and the

analysis of variance (P value) are summarised in Tab. 9, According to the ex¬

perimental design each result represents the mean value of 16 cheeses. Main

effects and two-way interactions of interest are listed.

In general, microfiltration had a significant influence on the bacterial counts in

cheese. Bacteria with a possible negative impact on the properties of cheese,

such as enterobacteriaceae, enterococci and psychrotrophs were significantly

reduced in MF cheese and Propionibacteria were not detectable. FHL started to

grow from a very low level (not detectable after MF) and reached almost the

same concentration after 90 d as in untreated raw milk cheese. Demarigny et

al. [34] also showed with MF cheese that FHL which were present in very low

numbers before ripening increased rapidly to reach a final level of 108 cfu/g af¬

ter 6 weeks ripening. In addition to the starter culture, the FHL - as the indige¬

nous flora with its wide system of proteolytic and lipolytic enzymes - play an

important role in the formation of free short-chain acids contributing to the spe¬

cific flavour and consequently to the properties of cheese [117], FHL are not
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always desirable as they can cause eye formation or even split defects. The

adjunct cultures L. helveticus and Candida utilis had no significant influence on

the growth of the investigated microflora in cheese. The addition of L. casei and

also the two-way interaction (microfiltration x L. casei) showed a significant ef¬

fect on the number of FHL. It became obvious that the count of FHL with L. ca¬

sei as adjunct culture was one order of magnitude higher than without, because

L. casei is part of the group of microorganisms designated as FHL.

Tab. 9: Microbial composition of Raclette cheeses, age 90 days

Factors Levé I N Microbial composition [Iog10 cfu/g]

Enterobac- tenace

o
o

O
o

o

B
c

LU Fac.
het. Lactobacilli Psychro¬ trophs Propioni¬ bacteria Salt-tolerant bacteria

Microfiltration MF no 16 2.3 5.7 8.1 5.6 3.4 5.4

yes 16 08 2.4 7.9 2 0 nd 3.7

L. helveticus LH no 16 1.5 4,1 8.0 3 7 2.0 4.8

yes 16 6 4.0 8.0 3 8 2 1 4.2

L. casei LC no 16 6 4.2 7.6 4 0 2 1 4.6

yes 16 5 3.9 8.4 3 5 2 0 4.5

Micrococcus MC no 16 6 4.0 8.0 3 8 2 0 3.9

yes 16 5 4.1 8.0 3 7 2 1 5.1

Candida utilis eu no 16 6 4.0 7.9 3 7 2 0 4.7

MF

yes 16 5 40 8.1

ns

3 8 2 0 4,4

Analysis of •. *J X *, x ** X \ •-•<>

variance LH ns ns ns ns ns ns

(P values) LC ns ns xs X ns ns

MC ns ns ns ns ns >*

eu ns ns ns ns ns ns

MFx LC — — x *•
— __ _

MFx MC _ _ _ _ — v

Blockmg factor

,
i e below

ns

the detect

ns

ion lim

ns ns

t of <10 cfu/ml, ns

ns

not sign

ns

effects nd not detectable ficant,
*

p<0 05, **p<0 01, ***p<0 001, - not incl udeci in ANOVA

Fig. 20 shows the significant two-way interaction (microfiltration x L. casei). The

observation that addition of L casei to MF milk resulted in higher counts of FHL

in cheese than the addition to raw milk means that growth conditions for L. ca¬

sei were better as the competitive flora was missing. L. casei had a significant

inhibitory effect on psychrotrophs although the mean value did not show much

difference. It is known that L. casei can also impair the growth of propionibacte-
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ria and enterococci [74] [10]. The addition of Micrococcus sp. resulted in one

order of magnitude higher counts of salt tolerant bacteria. No significant effect

was observed for the day-to-day variation (blocking factor).

L. casei

no yes

Microfiltration

Fig. 20: Two-way interaction with standard deviation between microfiltration

and L. casei for facultatively heterofermentative lactobacilli (FHL)

4.2.2.2 Free Short-Chain Acids

In cheese made from raw milk, lipolysis is the result of the action of the native

milk lipases as well as microbial lipases. The majority of microorganisms are

capable of producing lipases but the activity depends on species, strain and

growth conditions. Lipases are generally enzymes with low substrate specificity.

The free short-chain acids (FSCA) also characterised as total volatile fatty ac¬

ids, are important in the flavour development of cheese during ripening. Not all

FSCA originate solely from fat hydrolysis; FSCA with less than six carbon at¬

oms may also be the products of carbohydrate metabolism or deamination of

amino acids [110].

The content of total free short-chain acids as well as the content of formic acid

and acetic acid were significantly different between cheeses from untreated raw

milk and MF cheeses (Tab. 10). The concentration of FSCA in cheeses with

indigenous microflora was significantly higher than in MF cheeses. This is due

to the presence of FHL, which have known ability to metabolise citrate into ace¬

tic acid, formic acid and C02. The ratio between acetic and formic acid is 2:1.

The latter disappears during the maturation because of its volatile character

[74] [10]. In the present study the fermentation of the citrate was accelerated by
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the addition of L. casei whereas the adjunct cultures L. helveticus, Micrococcus

sp. and Candida utilis had no significant influence on the formation of FSCA.

No differences in concentration of propionic, n-butyric, i-butyric, n-caproic and i-

caproic acid were found between MF and raw milk cheese. n-Butyric acid can

originate from 3 possible sources: fat hydrolysis, proteolysis and butyric acid

fermentation [9]. In order to determine the amount of n-butyric acid originating

from butyric acid fermentation the following principles were adopted:

- The ratio between n-butyric acid and n-caproic acid is 3 : 1 during lipolysis of

milk triglycerides.

- As the result of butyric acid fermentation from protein breakdown, n-butyric

acid and i-butyric acid are formed to equal amounts.

- During butyric acid fermentation n-butyric acid is produced.

The calculation of 'estimated' n-butyric acid showed that concentrations be¬

tween 0.2 and 0.6 mmol/kg came from butyric acid fermentation (Tab. 10).

These values were below the sensorially perceptible level of 2 mmol butyric

acid/kg cheese and therefore without any influence on the characteristics of the

cheeses.

n-Caproic acid originates only from fat hydrolysis and is therefore an indicator

of lipolysis, which can lead to rancid flavour in cheese. The n-caproic acid con¬

centration of below 0.3 mmol/kg was not relevant for the sensory properties of

the cheeses.
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The two-way interaction (MF x L. casei) showed highly significant effects on

concentration of total volatile fatty acids, formic acid and acetic acid. An inter¬

action plot in Fig. 21 shows the concentration of FSCA without (=untreated) and

with MF (no/yes) and without and with addition of L. casei (no/yes). Without the

adjunct culture of L. casei a higher concentration of FSCA was measured in

untreated raw milk cheese than in MF cheese. Since the addition of L. casei led

only in MF cheese to a higher FSCA concentration it also influenced the rate of

flavour development. Formic and acetic acid showed similar interaction effects.

The blocking factor, i.e. the day-to-day variation of the propionic acid, was sig¬

nificant as a result of different concentrations of Propionibacteria on the pro¬

duction days.

|P 30.0-

~5
E
E

§ 20.0-

'o
m

c

'ca

f 10.0-

o

L. casei

_ yes
U - -—

no

yes

Microfiltration

Fig. 21: Two-way interaction with standard deviation between microfiltration

and L. casei for free short-chain acids

4.2.2.3 Proteolysis

During ripening peptides, free amino acids, biogenic amines and ammonium

are released as degradation products of milk proteins. Several enzymes are

responsible for proteolysis such as rennet, milk proteinases, microbial protein¬

ases and peptidases produced by raw milk flora, culture and contaminants. To

characterise proteolysis in cheese, the following parameters were chosen: total

nitrogen (TN), soluble nitrogen at pH 4.6 (SN 4.6) and non protein nitrogen

(NPN), which is the 12% TCA soluble fraction.

The proteolytic parameters of Raclette cheeses after 90 d of ripening and

analysis of variance (P value) are summarised in Tab. 11.

.i—

w

tri
CD

o.o-

no
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Microfiltration had no significant influence on the quantitative proteolysis pa¬

rameters of cheese. The proteolysis in the width characterised by SN 4.6 and

SN/TN was in the same range for cheeses from untreated milk and for MF

cheeses. The untreated cheeses as well as the MF cheeses showed compara¬

ble proteolysis in the depth (NPN, NPN/TN, NPN/SN). A similar situation was

observed in foil-ripened Raclette cheeses of about 3 months of age [154].

Tab. 11 : Proteolytic parameters of Raclette cheeses, age 90 days

Factors Level N CD

z

CD

CO

g/kg

o_

z

4.8

z

CO

Z
CO

20.5

z

z
Ol

Z

%

rf

Z

CO
z
Q_

z

12.9Microfiltration MF no 16 37.4 63.3

yes 16 37.5 7.6 4.8 20.2 12.8 63.5

L. helveticus LH no 16 37.5 7.5 4.6 20.1 12.4 61,7

yes 16 37.4 7.7 5.0 20.5 13.4 65.1

L. casei LC no 16 37.6 7.6 4.8 20.3 12.9 63.4

yes 16 37.4 7.6 4.8 20.3 12.9 63.4

Micrococcus MC no 16 37.5 7.6 4,9 20.3 12.9 63.7

yes 16 37.4 7.6 4.8 20.3 12.8 63.0

Candida utilis eu no 16 37.5 7.6 4.8 20.2 12.8 63.1

MF

_y_es 16 37.4

ns

7.6

ns

4,8 20.4 13.0

ns

63.6

Analysis of ns ns ns

variance LH ns * *** ** *** ***

(P values) LC ns ns ns ns ns ns

MC ns ns ns ns ns ns

eu ns ns ns ns ns ns

Blocking facto r ns + * ns * ***

effects: ns not significant; *p<0.05; **p<0.01; ***p<0.001

When L. helveticus was added the SN pH 4.6 and NPN were significantly af¬

fected as the proteolysis was more intense. L. helveticus is known for its high

proteolytic activity in cheese [78].

The adjunct cultures L. casei, Micrococcus sp. and Candida utilis had no sig¬
nificance influence on quantitative proteolysis parameters of cheeses. The

content of SN pH 4.6 and NPN varied between cheeses from different produc¬

tion days, thus resulting in a significant blocking factor.
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4.2.2.4 Sensory Analysis and Melting Quality

The sensory characteristics of cheeses were evaluated at the end of ripening

after 90 d. Such analyses are of importance because a cheese of good micro¬

biological property and chemical composition does not necessarily imply that its

sensory qualities are appreciated by the consumer. In addition, melting quality

was also determined, as Raclette cheese is very often consumed in a melted

form.

Only small differences in sensory properties could be detected between

cheeses from untreated milk and MF cheeses (Tab. 12).

Tab. 12: Sensory analysis of Model Raclette cheeses, age 90 days

Factors Level N

5—

=3

O
>
03

U_

CD

X
CD

h-

1 6-

CD
Ü

C

CD

B Intensity
of

J

aroma

o

c

B
w

"co
c

o

Ü

2 8

«
to

CD
c

E

Microfiltration MF no 16 4.6 5.4 4.4 6.5 4.4 5.7

yes 16 4 8 5.5 4.7 6.1 4.4 6.3

L. helveticus LH no 16 4 7 5.5 4 6 6 2 4.4 6.1

yes 16 4 7 5,4 4 6 6 4 4.4 5.9

L. casei LC no 16 4 7 5.5 4 6 6 2 4.5 6.1

yes 16 4 7 5.4 4 5 6 4 4.3 6.0

Micrococcus MC no 16 4 7 5.4 4 5 6 4 4.3 6.0

yes 16 4 7 5.4 4 6 6 2 4.5 6.0

Candida utilis eu no 16 4 9 5.5 4 7 6 3 4.4 6.0

yes 16 4 6 5.4 4 4 6 3 4.4 6.0

Analysis of MF ns ns * ** ns *

variance LH ns ns ns ns ns ns

(P values) LC ns ns ns ns ns ns

MC ns ns ns ns ns ns

eu ** ns ns ns ns ns

Blocking factor

ificant; *p<0.05; **p<

ns ns

0.01; ***p<0.001

ns ns ns ns

effects: ns not sign

The taste of MF cheeses developed more slowly, as concluded from the lower

concentration of free short-chain acids. The MF cheeses were scored by the

experts with a significant higher preference. They described the taste of MF

cheeses as more neutral and with less off-flavour. Candida utilis caused off-

flavour in the cheeses. In MF cheeses only a few eyes were formed. Fig. 22
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shows the eye formation in MF and untreated cheese after 90 d of ripening.

Untreated cheese had more and bigger eyes as a consequence of indigenous

flora such as facultatively heterofermentative lactobacilli.

Fig. 22: Raclette cheese made from untreated milk (below)
and MF milk (above), after 90 d of ripening

The firmness scores were also influenced by eye formation (Tab. 12): the body

of MF cheeses was firmer, i. e. more compact because of the missing eyes.

Bitterness was not detected in any of the cheeses. It can be concluded that the

sensorial quality of untreated cheeses was generally comparable to MF

cheeses, in slight favour to MF cheeses.

When the cheeses were melted no differences were found between MF and

untreated cheeses for the attributes 'fat separation', 'viscosity' and 'firmness'

(Fig. 23). Only the consistency of the MF cheeses was shorter (less long) than

the consistency of untreated cheeses.

Fat separation Viscosity Consistency Firmness

Attributes

-— MF Raclette —à— Raw milk Raclette

Fig. 23: Melting quality of MF Raclette and untreated raw milk

Raclette, after 90 d of ripening (n=16)
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4.2.3 Reconstruction of Raw Milk Flora

The objective of the second series of cheese trials was to investigate further

influence of technological parameters for the reconstruction of raw milk flora on

the sensorial and biochemical characteristics of model cheeses. Longer

preripening of the cheesemilk in the vat, addition of raw milk, addition of L. ca¬

sei as adjunct and two different ripening temperatures were chosen as factors.

The study was designed as a full factorial experiment. The four technological

parameters and the microfiltration represented five treatment factors, each at

two levels (yes/no), thus, resulting in 32 treatment combinations. Since the pilot

plant equipment only consisted of eight vats, the experiment was carried out in

four different blocks with a Raclette type and with a Mountain-type cheese. The

ripening period of the cheeses was extended to 120 d (from 90 d) for Raclette

and to 150 d (from 120 d) for Mountain to evaluate if sensorial and biochemical

differences between MF cheeses and cheeses from untreated raw milk would

decrease or increase with the age of cheeses.

4.2.3.1 Bacterial Count

The standardised cheesemilk for the manufacture of the model cheeses was

analysed for selected strains (Tab. 13). The untreated cheesemilk was of good

bacterial quality.

Tab. 13: Bacterial count of milk for the manufacture of Raclette cheese (Mean
values n=16,standard deviation SD)

Standardised

cheesemilk

Enterobac¬ teriaceae Entero¬ cocci Fac.
het. lactobacilli Psychro¬ trophs Propioni¬ bacteria Salt-tolerant bacteria

lon10. ^fi i/fvil

Raw milk 1.45 1.43 1.62 2.30 1.41 2.78

SD 0.25 0.34 0.19 0.45 0.0 0.49

MF milk 0.76 0.82 0.75 0.95 nd 0.97

SD 0.25 0.34 0.19 0.45 _ 0.49

nd: not detectable, i.e. below the detection limit of 10 cfu/ml

In MF cheesemilk the count of enterobacteriaceae, enterococci, FHL, psychro¬

trophs and salt-tolerant bacteria was at a max. level of 200 cfu/ml and Propioni¬

bacteria were not detectable, i.e. the counts were below 10 cfu/ml.
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The microbial composition of Raclette cheeses after 120 d of ripening and

analysis of variance (P value) are summarised in Tab. 14. In MF cheeses the

count of enterobacteriaceae, enterococci, psychrotrophs, Propionibacteria and

salt tolerant bacteria was below 400 cfu/g, only facultatively heterofermentative

lactobacilli reached after 120 d of ripening a comparable concentration to

cheeses from untreated milk. The lower count of bacteria in MF cheese agreed

well with the values of the first study (see 4.2.2.1). The addition of 1% raw milk

resulted in higher counts of enterococci and salt-tolerant bacteria. An interest¬

ing observation was that factors such as additional preripening at 28°C for 40

min. in the vat and an increased ripening temperature, 13°C, had no significant

influence on the count of bacteria, although the mean concentration of entero¬

cocci, FHL and Propionibacteria was slightly higher at 13°C.

Tab. 14: Microbial composition of Raclette cheeses, age 120 days

Factors Level N Microbial composition [Iog10 cfu/g]

16

o

CO CD

_Q CO
O CD
"- Ü

B .E

lu B

2.3

o

o

o
o

o

<D
H—'

c

LU

4.8

• '5
"CD CO

*-
o

2 °
cO c0
U 1

o

SZ CO

Ü sz

>. Q.
CO o Propioni¬ bacteria Salt-tolerant bacteria

Microfiltration MF no 8.2 2.3 4.3 4.3

yes 16 0.9 2.2 7.5 0.7 1.1 2.0

Raw milk RM no 16 1.4 3.0 7.6 1.3 2.5 2.8

yes 16 1.8 4.0 8.1 1.7 2.9 3.5

Preripening PRE no 16 1.6 3.4 8.0 1.5 2.8 3.1

yes 16 1.6 3.5 7,7 1.5 2.6 3.2

L. casei LC no 16 1.6 3.6 7.5 1.7 2.9 3.3

yes 16 1.6 3.4 8.2 1.4 2.5 3.0

Temperature TEM 13°C 16 1.5 3.5 7.9 1.5 2.9 3.1

11°C 16 1.7 3.4 7.7 1.6 2.5 3.2

Analysis of MF *** *** +* #** *** * * *

variance RM ns *** ns ns ns ***

(P values) PRE ns ns ns * ns ns

LC ns ns * ns ns *

TEM ns ns ns ns ns ns

MF* RM _ *** ns _ _ * * *

MF* LO _ — * _ _. -!:

Block ing factor ns ns ns ns ns ns

effects: ns not significant;
*

p<0.05;
**

p<0,01 ;
***

p<0.001 ; -: not included in model

As enterococci can be considered an indicator for the natural milk flora, it can

be concluded that after microfiltration the typical raw milk flora in the MF milk
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can partially be reconstructed by addition of 1% raw milk. The two-way interac¬

tion between raw milk and MF for enterococci shows that the addition of raw

milk led to higher counts of enterococci in MF cheeses without reaching the

count in cheeses from untreated raw milk (Fig. 24). In MF cheeses without ad¬

ditional raw milk, counts of enterococci were below 200 cfu/g.

As already observed in the first study (4.2.2.1), the addition of L casei led to a

10 fold higher amount of FHL and L. casei showed an inhibitory effect on salt-

tolerant bacteria (Tab. 14).

The longer ripening time of 120 d for the cheeses did not have much effect on

microbial composition compared to the cheeses stored for 90 d. Only the count

of Propionibacteria in untreated cheeses was higher as a result of the longer

ripening time. The mean concentration of Propionibacteria in cheesemilk was

equal for both studies (Tab. 8 and Tab, 13).

Raw milk

—

yes

no Microfiltration Yes

Fig. 24: Two-way interaction with standard deviation between raw milk and MF

for enterococci

4.2.3.2 Free Short-Chain Acids

The concentration of FSCA acids such as formic, acetic and propionic acid was

significantly higher in cheeses from untreated milk (Tab. 15). As the level of

indigenous flora after microfiltration was very low the concentration of formic

acid was significantly increased when raw milk was added. The addition of L

casei led to a higher amount of acetic acid as a result of citric acid fermentation.

Additional preripening of cheesemilk had no effect on the amount of FSCA in

cheeses.
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Cheeses matured at increased ripening temperature (13°C) showed a signifi¬

cantly higher concentration of acetic, propionic, n-butyric and n-caproic acids.

The higher concentration of acetic acid originated from citric acid fermentation

as well as from propionic acid fermentation. The increased concentration of

propionic acid indicates an undesirable "secondary fermentation". The two-way
interaction plot between temperature and MF, in Fig. 26, shows the relationship
of ripening temperature and propionic acid.

Temperature

13°C

Microfiltration

Fig. 26: Two-way interaction with standard deviation between ripening tem¬

perature and MF for propionic acid

In MF and untreated cheeses stored at 11 °C the content of propionic acid was

below 1 mmol/kg. Cheeses from untreated raw milk stored at 13°C showed

concentrations up to 6.5 mmol/kg as a consequence of the activity by Propioni¬
bacteria. MF cheeses stored at 13°C resulted in a propionic acid concentration
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lower than 2 mmol/kg because of the low count of Propionibacteria (<50 cfu/g).

Consequently the risk of secondary fermentation at higher ripening tempera¬

tures is significantly reduced by microfiltration.

The longer ripening time of 120 d led to a higher concentration of FSCA in

cheeses compared to the cheeses stored for 90 d. The difference in the FSCA

concentration between MF and untreated cheeses also increased: in the first

series of cheese trials (4.2.2) the difference in total FSCA was approx. 8

mmol/kg and with a longer ripening time the difference increased to 14 mmol/kg

as a consequence of higher counts of bacteria in untreated cheeses and partly

due to a higher ripening temperature. MF cheeses showed a higher concentra¬

tion of FSCA for increased ripening temperature than for additional ripening

time. In order to accelerate the maturation of MF cheeses, increasing the rip¬

ening temperature can be recommended (see third series of cheese trials,

4.2.4).

4.2.3.3 Sensory Analysis and Melting Quality

The sensory characteristics of cheeses were evaluated at the end of ripening

after 120 d. In addition, melting quality of Raclette was determined.

The long maturation time of 120 d increased the differences in sensory proper¬

ties between cheeses from untreated milk and MF cheeses (Tab. 16). The de¬

velopment of free short-chain acids was much more intense in untreated

cheeses, thus resulting in a higher score for intensity of aroma. The MF

cheeses, on the other hand, were scored by the experts with a significantly

higher preference. They described the taste of MF cheeses as more neutral

and with less off-flavour. The consistency of untreated cheeses was shorter

and more brittle than that of MF cheeses.

The preripening factor had no influence on the sensory attributes. The addition

of L. casei was judged to have a negative impact on flavour and preference.

The increased ripening temperature of 13°C led to a higher intensity of aroma

as a consequence of the higher FSCA concentration in cheeses. The storage

temperature of 13°C accelerated the cheese ripening and the cheeses from

untreated milk showed lower scores for preference as well as for flavour. MF

cheeses revealed no off-flavour at 13°C.
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Tab. 16 : Sensory analysis of Raclette cheeses, age 120 days

Factors Level N

Microfiltration MF
no

Raw milk

Preripening

L. casei

RM

PRE

LC

Temperature TEM

Analysis of

variance

(P values)

MF

RM

PRE

LC

TEM

MF*RM

MF*TEM

LC*RM

LC *TEM

Blocking factor

o
>

u_

no

16 3.6

yes 16 4.7

no 16 4.0

yes 16 4.2

no 16 4.1

yes 16 4.2

no 16 4.3

yes 16 40

13°C 16 40

11°C 16 4.2

ns

ns

ns

ns
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Ü
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03
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o
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CO

c
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2-8-

5.4

5.4

5.4

5,4

5.4

5.4

5.4

5,4

54

5.4

3.5

4.9

4.1

4.3

4.2

4.2

4.4

4.0

4.1

4.4

6.1

5.7

5.8

5.9

5.9

5.9

5.9

5.8

6.1

5.7

4.3

3.9

4.1

4.1

4.1

4.1

4.1

4.1

4.0

4.2

ns

ns

ns

ns

ns

ns

ns

i i

ns

ns

ns

•- ! 1-

ns

ns

ns

ns

ns

ns ns ns

CO
CO

CD
c

E

LE

6.2

6.2

6.2

6.2

6.2

6.2

6.2

6.2

6.1

6.3

ns

ns

ns

ns

ns

effects ns not significant, *p<005, **p<0 01, ***p<0 001,- not included in model

An interaction with regard to preference was obtained between MF and tem¬

perature. Fig. 27 shows that regardless of whether the MF cheeses were stored

at 11° or 13°C the preference rating was always highest. Cheeses from un¬

treated raw milk matured at 13°C received the lowest rating. It is clear that in¬

creased ripening temperatures are possible without any loss in preference for

MF cheeses.
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The melting quality showed differences for viscosity, consistency and firmness

between MF and untreated cheeses after 120 d of ripening (Fig. 28). The MF

cheeses were judged to be more viscous and to have a shorter and softer tex¬

ture. But in general all cheeses had good melting qualities.
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Fig. 28: Melting quality of MF Raclette and untreated raw milk Raclette, after

120 d of ripening (n=16)
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4.2.4 Combination of Milk Treatment and Ripening Conditions

The objective of the third series of cheese trials was to investigate the influence

of ripening temperature at four levels and of ripening time at two levels on qual¬

ity of cheese made from raw milk, pasteurised milk and microfiltered milk.

To differentiate between the chemical and microbiological effects of milk treat¬

ments the special cubic model was chosen as the experimental design. The

favourable effect of a triangle experimental design is that only those composi¬

tions are made where the sum of the components is exactly equal to 100%. As

Fig. 29 shows, the special cubic model with the three components (raw milk,

pasteurised (Past) milk and MF milk) was determined by seven combinations of

milk treatments and demanded seven different cheeses made from: 1. 100%

raw milk, 2. 100% Past milk, 3. 100% MF milk, 4. 50% raw milk/50% Past milk,

5. 50% Past milk/50% MF milk, 6, 50% raw milk/50% MF milk and 7. 33.3% raw

milk/33.3% Past milk/33.3% MF milk. Since the pilot plant consisted of eight

vats, variant 7 was manufactured in duplicate.

Fig. 29: Special cubic model design: seven variants of milk treatment

4.2.4.1 Bacterial Count

The standardised cheesemilk for the manufacture of the model cheeses was

analysed for its bacterial counts (Tab. 17). The pasteurised (Past) and MF

cheesemilk had counts of psychrotrophs and salt-tolerant bacteria at a maxi¬

mum level of 100 cfu/ml, while enterococci, FHL and Propionibacteria were be¬

low the detection limit of 10 cfu/ml. The untreated raw cheesemilk was of good

bacterial quality. All mixed cheesemilks (raw/Past/MF milk) showed counts cor¬

responding to those in the milk component.
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Tab. 17: Bacterial count of Raclette cheesemilk, mean values and ± standard

deviation (n=4)

Standardised Microbial counts [Iog10 cfu/ml]
cheesemilk

A a> 8 2 c « ~ .eg

CDO O ÇJ-C clB ^ S _£

CO CO" WO £- CO CÖ-T03
UJo li. « Q_ £= 0_ _Q 002x2

Raw milk 2.0 +0.4 2.2 ±0.2 3.0 ±0.7 1.1 ±0.6 3.8 ±0.3

Past milk nd nd 1.0 ±0.5 nd 1.3 ±0.5

MF milk nd nd 1.0 ±0.4 nd 1.2 ±0.5

Raw/Past milk 1.9+0.2 1.9 +0.1 2.9 ±0.4 0.9 ±0.2 3.4 ±0.1

Past/MF milk nd nd 1.0 ±0.5 nd nd

Raw/MF milk 2.1 ±0.3 2,0 ±0.5 3.1 ±0.9 0.9 ±0.3 3.4 ±0.5

Raw/Past/MF milk 1.9 ±0.2 1.9 ±0.4 2.7 ±0.3 1.1 ±0.3 3.1 ±0.2

nd: not detectable, i.e. below the detection limit of 10 cfu/ml

Based on the bacterial counts of Raclette cheeses after 60 and 90 d, two

groups can be formed: cheese made from or with raw milk and cheese made

with pasteurised and microfiltered milk.

For cheeses from or with raw milk the count of enterococci ranged between 106

and 107 cfu/g, irrespective of the amount of raw milk added. Cheeses from Past

and MF milk, on the other hand, contained less than 102 cfu/g (Fig. 30). In none

of the cheeses it was possible to detect additional growth for enterococci at

higher ripening temperature or at longer ripening time.

The natural milk flora represented by the count of enterococci can be recon¬

structed by addition of raw milk to MF milk as well as to pasteurised milk.

Analyses of raw milk Raclette cheeses of good quality (Walliser Raclette

cheeses, ripened at 11 °C) showed a mean value for enterococci of 1.3 x 104

cfu/g after 58 d and 4.3 x 104 cfu/g after 130 d [126]. According to Gallmann

[48] the count of enterococci for Walliser Raclette cheeses was 3.1 x 104 cfu/g
after 30 d and 4.8 x 104 cfu/g after 120 d and for pasteurised Raclette cheeses

it was mainly below the detection limit of 10 cfu/g. Regarding the natural raw

milk flora it can be concluded that the bacterial count of MF milk cheeses was

comparable to pasteurised milk cheeses.
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Fig. 30: Enterococci in Raclette cheeses from different milk treatments

The concentration of psychrotrophs after 60 d was higher in cheeses made with

raw milk than in cheeses made without raw milk (Fig. 31 ).
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Fig. 31 : Psychrotrophs in Raclette cheeses from different milk treatments

The longer ripening time led to higher numbers of psychrotrophs in all cheeses
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and with increased ripening temperature the counts decreased slightly. No ex¬

planation for the high count variation between the different temperatures after

90 d of ripening has been found in the available literature.

In all cheeses made with raw milk the count of facultatively heterofermentative

lactobacilli was at a constant level of 108 cfu/g regardless of the ripening tem¬

perature or time (Fig. 32). The FHL concentration of MF cheeses was con¬

stantly below 103 cfu/g. For Past cheeses a level of FHL counts of max. 105

cfu/g was observed. The higher ripening temperature did not lead to higher

counts of FHL in cheeses and this is in agreement with the observation of the

second series of cheese trials in Tab. 14.

Raclette after 60 d Raclette after 90 d

11 14 17 20 11 14 17 20

Temperature / °C Temperature / °C

Raw milk (100%)« Raw/Past (50:50%)/ Raw/MF (50:50%), + Past (100%),
Raw/MF/Past (33:33:33%), x MF/Past (50:50%), • MF (100%)

Fig. 32: Facultatively heterofermentative lactobacilli in Raclette cheeses from

different milk treatments

In contrast to MF and Past cheeses the count of Propionibacteria in raw milk

cheeses increased with higher ripening temperature and duration (Fig. 33). At

17° and 20°C the growth of Propionibacteria in raw milk cheeses was signifi¬

cantly increased, and consequently the risk of secondary fermentation. Ac¬

cording to Schär et al. [126], Propionibacteria counts above 106 cfu/g lead to

secondary fermentation. In MF and Past cheeses Propionibacteria were below

10 cfu/g after 60 d, and after 90 d at 17° and 20°C the counts were slightly in¬

creased to 100 cfu/g.
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Fig. 33: Propionibacteria in Raclette cheeses from different milk treatments

It can be concluded that microfiltration and pasteurisation delayed or inhibited

the growth of psychrotrophs, enterococci, facultatively heterofermentative lac¬

tobacilli and Propionibacteria in cheeses as a consequence of low or undetect¬

able bacterial populations in MF and Past milk. Higher ripening temperatures

and longer ripening time only lead to additional growth of Propionibacteria in

cheese made with raw milk.

4.2.4.2 Chemical Composition of Cheeses

With regard to the gross composition after 60 and 90 d of ripening no significant

difference was observed between the cheeses from different milk treatments

ripened at the same temperature. To evaluate the influence of ripening time

and temperature the average for all cheeses is summarised in Tab. 18.
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Tab. 18: Average chemical composition of Raclette (n=16) after 60 and 90 d

with standard deviation ±SD

Chemical composition [g/kg]

Ripening temperature [°C] Water
con¬

tent

c

CD
•*—'

c

o
Ü

03
u_ Fat

content
in

dry

matter
O
CO

11 416.6 ±9.7 301.1 ±8.6 516.0 ±10.6 18.7 ±2.2

14 408.9 ±8,9 303.1 ±7.4 512.7 ±8.7 19.3 ±2.2

17 400.5 ±8.9 308.1 ±6.8 513.8 ±8.2 20.1 ±2.0

20 398.9 ±4.8 310.5 ±7.0 516.5+10.5 19.2 ±2.2

11 410.1 ±9.9 306.1 ±9.2 518.9+8.5 19.0 ±1.9

14 401.3 ±9.8 309.3 ±9.1 516.7 ±9.1 19.7 ±2.3

17 388.2 ±6.1 313.8 ±7.0 513.0 ±8.5 20.4 ±1.5

20 392.9 ±8.3 314.5 ±8.4 518.1 ±10.7 19.5 ±1.7

With elevated ripening temperature the water content decreased as a result of

water evaporation. The fat in dry matter of all cheeses ranged between 512 and

519 g/kg, the NaCI content between 18 and 21 g /kg cheese. Schär et al. [126],

who analysed Walliser Raclette cheese of good quality during ripening (stored

at 11°C), found that the cheeses lost up to 30 g water per kg cheese until the

120 d ripeness stage was reached. This was based on the effect of salt ab¬

sorption during brining and on the evaporation of water through the rind during

maturation.

4.2.4.3 Free Short-Chain Acids

As far as FSCA are concerned the cheeses were also divisible into two groups:

cheeses made from or with raw milk and cheeses made from pasteurised and

microfiltered milk.

The content of volatile fatty acids was around 100% higher in cheeses made

with raw milk than in MF and Past milk cheeses. Fig. 34 shows that higher rip¬

ening temperatures and longer ripening time led to a higher FSCA content in all

cheeses.
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Raclette after 60 d Raclette after 90 d

14 17

Temperature / °C
14 17

Temperature / °C

Raw milk (100%),« Raw/Past (50:50%),A Raw/MF (50:50%), + Past (100%),
Raw/MF/Past (33:33:33%), ^ MF/Past (50:50%), » MF (100%)

Fig. 34: Free short-chain acids in Raclette cheeses from different milk treat¬

ments

The increased FSCA concentration at higher ripening temperature can be

mainly explained by the increase in concentration of acetic and propionic acid

(Fig. 35 and Fig. 36).

Raclette after 60 d Raclette after 90 d

14 17

Temperature / °C

20 14 17

Temperature / °C

20

Raw milk (100%),« Raw/Past (50:50%),A Raw/MF (50:50%), + Past (100%),
Raw/MF/Past (33:33:33%), * MF/Past (50:50%), • MF (100%)

Fig. 35: Acetic acids in Raclette cheeses from different milk treatments
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After 60 d the acetic acid concentration originated mainly from fermentation of

citric acid, and after 90 d at 17 and 20°C it additionally originated from lactic

acid fermentation by Propionibacteria. This is confirmed by the increase in the

amount of propionic acid in the same period. MF and Past milk cheeses

showed no secondary fermentation.

Raclette after 60 d Raclette after 90 d

14 17

Temperature / °C

14 17

Temperature/°C

20

Raw milk (100%),« Raw/Past (50:50%),A Raw/MF (50:50%), + Past (100%),
Raw/MF/Past (33:33:33%), x MF/Past (50:50%), » MF (100%)

Fig. 36: Propionic acid in Raclette cheeses from different milk treatments

The observations by Gallmann [48], who after 120 d of ripening found signifi¬

cant differences in FSCA, acetic acid and propionic acid between raw and

pasteurised milk Raclette cheeses as a result of different bacterial counts,

agree with our results.

4.2.4.4 Proteolysis

The non-protein nitrogen (NPN) fraction is widely used, in combination with

soluble nitrogen at pH 4.6 (SN4.6), to describe the nature of proteolysis. SN4.6

provides more information about proteinase activity and characterises ripening

into the width, whereas NPN gives more details on peptidase activity, and thus

ripening in the depth [119].

After 60 d the ripening into the width (SN4.6/TN) and depth (NPN/TN) was in¬

dependent of milk treatment (Fig. 37, Fig. 38) whereas after 90 d the differ¬

ences between cheeses from or with raw milk and MF/Past milk cheeses in-
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creased with higher ripening temperature.

Raclette after 60 d

14 17

Temperature / °C

Raclette after 90 d

30.0

25.0

20.0

15.0

10.0

11 14 17 20

Temperature / °C

Raw milk (100%),« Raw/Past (50:50%),A Raw/MF (50:50%), + Past (100%),
Raw/MF/Past (33:33:33%), x MF/Past (50:50 /o), MF (100%)

Fig. 37: Proteolysis into the width (SN4.6/TN) of Raclette cheeses from differ¬

ent milk treatments

Raclette after 60 d Raclette after 90 d

14 17

Temperature / °C

14 17

Temperature / °C

Raw milk (100%),« Raw/Past (50:50%),A Raw/MF (50:50%), +

Raw/MF/Past (33:33:33%), x MF/Past (50:50%), • MF (100%)

20

Past (100%),

Fig. 38: Proteolysis into the depth (NPN/TN) of Raclette cheeses from different

milk treatments



Results and Discussion 72

The enhanced proteolysis at elevated temperatures after 90 d can be explained

by the fact that secondary fermentation has occurred in cheeses from or with

raw milk.

The proportion of small breakdown products (NPN/SN4.6) was relatively high,

indicating a ripening that had occurred into the depth (Fig. 39).

Raclette after 60 d Raclette after 90 d

80.0

70.0

60.0

50.0

14 17

Temperature /°C

14 17

Temperature / °C

Fig. 39: Small breakdown products (NPN/SN4.6) of Raclette cheeses from

different milk treatments

At elevated ripening temperature the ripening into the depth after 60 d in¬

creased whereas with longer ripening time the influence of temperature on

small breakdown decreased. The ripening into the depth at 11°C is in agree¬

ment with Wyder [154], who found comparable proportions of small breakdown

products in foil ripened Raclette cheeses of 3 months of age.

The acceleration of proteolysis at higher ripening temperatures is well known [4]

[5] [52] [123]. Temperature adjustments during ripening of Cheddar cheese re¬

sulted in manipulation of specific proteolytic activities. The proteolytic activities

reflected by breakdown products soluble in 12% TCA (NPN) were enhanced at

higher temperatures, which was related to the increased activity of proteolytic

enzymes.

The milk protein in cheese is mainly casein, such as 45-55% a-casein, 25-

35% ß-casein, 8-15% K-casein and 3-7% minor casein [44], and is hydrolysed

by the proteolytic enzymes from calf rennet, by milk proteinases and by

microbial proteinases and peptidases produced by lactic acid bacteria, moulds,

yeasts and indigenous microflora. Gallmann et al. [48] showed that the
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and indigenous microflora. Gallmann et al. [48] showed that the indigenous

flora (non-lactic acid bacteria) of cheese had a marked influence on the prote¬

olysis of ß-casein. The proteolytic effect was enhanced by enzymes of the in¬

digenous microflora, thus resulting in more intense ß-casein hydrolysis in raw

milk cheese than in cheese from pasteurised milk. The hydrolysis of ß-casein

led to additional minor casein and to fractions of ß-casein only found in raw milk

cheeses. According to Beuvier et al. [19], raw milk cheese contained higher

amounts of ß-casein than cheese from MF or pasteurised milk, whereas y-

casein, resulting from the degradation of ß-casein by plasmin, was found at

higher concentrations in pasteurised milk cheeses, reflecting higher plasmin

activity in these cheeses. A lower content of ß-casein in MF milk cheese com¬

pared to raw milk cheese was observed by Bouton et al. [22] and Roy et al.

[124], who suggested that the reason for the low content of ß-casein could be

an activation of the plasmin-plasminogen system by filtration treatment or that

some of the ß-casein micelles were retained by the microfiltration membrane.

Generally it can be concluded that the protein and peptide breakdown in

cheeses from raw, MF and pasteurised milk was highly affected by ripening

temperature and time and that the quantitative proteolysis in cheese made with

raw milk at elevated temperatures was presumably enhanced by the presence

of raw milk flora enzymes and by Propionibacteria causing secondary fermenta¬

tion.

4.2.4.5 Rheological Properties

Rheological measurements such as penetration depth, deformation fracture,

force fracture and force at 33% deformation were carried out to objectively

evaluate the influences of ripening temperature and time on cheese texture.

During ripening the texture of hard and semi-hard cheeses becomes firmer and

shorter, and thus less elastic, and the differences between the cheese varieties

can be related to chemical composition and proteolysis [36].

The Raclette cheeses from raw, MF and pasteurised milk were almost identical

in terms of penetration depth, deformation fracture, force fracture and force at

33% deformation. The results for 16 cheeses from different milk treatments are

summarised in Tab. 19.

The penetration depth of the cheeses was independent of ripening temperature

and time. The deformation fracture and force fracture decreased, whereas the

force at 33% deformation increased with elevated ripening temperature and
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time, thus indicating a shorter, firmer and less elastic texture of the cheeses.

The shorter and firmer body of the cheeses can be explained by the enhanced

proteolysis and the loss of water with increased ripening temperature and time.

The fat content in the dry matter, which also has an influence on the consis¬

tency of cheese, showed no differences between increased ripening tempera¬

ture and time (Tab. 18).

Eberhard [36] concluded that with enhanced proteolysis cheese texture be¬

comes in general shorter and softer. However, it is necessary to distinguish

between different types of protein degradation. Proteolysis into the width (in¬

crease in soluble nitrogen at pH 4.6) causes a softer cheese body, whereas

proteolysis into the depth (increase in NPN), e. g. in hard and semi-hard

cheeses, causes a shorter and firmer cheese texture.

In the course of ripening of Raclette cheeses the proteolysis in the width is not

very intense because approx. 80% of casein is still insoluble at pH 4.6. More

than 50% of the soluble protein fractions are further decomposed into depth to

peptides and amino acids, which consequently leads to a shorter and less elas¬

tic cheese texture. As the elevated ripening temperature and time had a signifi¬

cant influence on the proteolysis, the rheological properties of cheeses were

also highly affected.

Tab. 19: Rheology of raw/Past/MF milk Raclette (n=16) after 60 and 90 d with

standard deviation ±SD

0)

<
Ripening
tern

perature
[°C]

Penetration depth
[mm]

4

Deformation fracture
[%]

60 11 12.2 ±1 81.4 ±3.8

14 13.1 ±1 5 72.3 ±4.4

17 13.7 ±1 6 57.0 ±4.3

20 13.2 ±1 7 52.1 ±4.6

90 11 14.2 ±1 1 82.3 ±0.0

14 14.2 ±1 3 62.4 ±4.4

17 13.1 ±1 1 46.0 ±3.1

20 13.3 ±1 5 42.6 ±3.5

©

=3
+—'

O

CO
\_

M—

Force
at

33%

deformation
[N]

©
O

o —?

LL. tZL,

31.6 ±8.9 6.9 ±1.0

22.7 ±7.0 7.3 ±1.4

16.3+1.8 8.6 ±1.1

17.3 ±2.3 10.6 ±1.6

47.9 ±9.1 7.1 ±1.3

22.1 +6.6 8.1 ±1.7

16.6+2.0 12.5 ±1.6

16.6 ±1.6 13.6+1.6
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4 2 4 6 Sensory Analysis of Unmelted Cheeses

Sensory characteristics of cheeses were evaluated after 60 and 90 d The spe¬

cial cubic model design can be expressed as a graph in a triangle shape. This

graph is determined by seven points of the different milk treatments and allows

evaluation of the dependence of an 'optimum point' on milk treatment, ripening

temperature and ripening time Each axis of the graph represents the cheeses

from one of the three milk treatments with the mixture composition from 0 to

100%. Based on the seven determined points the statistical software calculated

the corresponding curves in the simplex lattice diagram. The size of each of the

seven points represents the measured mean value of the cheeses.

Fig 40 shows the sensory profile for 'preference' as the mean value of four

temperatures after 60 and 90 d. Thus it is only possible to evaluate the treat¬

ment and time differences but not the influence of the temperature. Fig. 41 and

Fig. 42 represent for each temperature and time the sensory profile for the

'preference' of cheeses

After 60 d

0S100
Preference / score

After 90 d

0#100

100 »0 100'
10 20 30 40 50 60 70 80 90 100 0

Raw milk cheese

10 20 30 40 50 60 70 80 90 100

Raw milk cheese

Fig. 40 'Preference' of Raclette cheeses (n=8) from different milk treatment

In terms of 'preference' Raclette cheeses could also be divided into two groups,

those made with raw milk and those made without raw milk (Fig 40). Generally,

after 60 and 90 d, the cheeses made with raw milk were scored lower than

cheeses from MF and pasteurised milk and with longer ripening time the 'pref¬

erence' for all cheeses decreased

Fig. 41 and Fig 42 show the 'preference' at different ripening temperatures
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Fig 41 'Preference' of Raclette cheeses from different milk treatments ripened

at 11, 14, 17and20°Cafter60d
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do
o jro

Fig 42 'Preference' of Raclette cheeses from different milk treatments ripened

at 11, 14, 17and20°Cafter90d
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The 'preference' of Raclette cheeses was more affected by the elevated ripen¬

ing temperature than by the longer ripening time. For all cheeses the 'prefer¬

ence' scores decreased with elevated temperature and enhanced proportion of

raw milk. After 60 d the Past milk cheeses ripened at 11 °C and 14°C were

scored higher than MF cheeses. After 90 d MF and Past milk cheeses were

judged in the same range. The graph curves connecting points of equal values

were moving at elevated ripening temperature to a obvious distinction between

cheeses made from or with raw milk and cheeses from MF and Past milk.

Cheeses with scores below 4.0 were judged as faulty because of off-flavours

and eye defects. Cheeses made from or with raw milk at ripening temperatures

of 17 and 20°C for 90 d resulted in off-flavour as a consequence of secondary

fermentation. These cheeses already had an off-flavour after 60 d, however,

without detectable signs of propionic acid fermentation. Studies of the effect of

elevated temperatures on proteolysis and flavour development in Cheddar

cheese by Aston et al. [5] showed that levels of proteolysis products could be

used to estimate the rate of flavour development, although the presence of off-

flavours could not be similarly predicted and flavour quality had to be assessed

organoleptically.

It can be concluded that the maximum temperature at which Raclette cheeses

can be ripened without a significant decrease in 'preference' is 14°C (60 d) res.

11°C (90 d) for cheeses from or with raw milk and 17°C (60 and 90 d)for MF

and Past milk cheeses.

The low 'preference' at elevated temperature, especially for cheeses made with

raw milk, was mainly due to the 'intensity of aroma' being atypical for Raclette

cheese (Fig. 43, Fig. 44). Cheeses with 'intensity of aroma' scores of 5 were in

the range of normal maturity and above 5 on the limit of being overmature. At

elevated ripening temperatures the graph curves indicated higher 'intensity of

aroma' scores. The 'intensity of aroma' of MF cheeses was scored to be lower

at 11, 14 and 17°C after 60 and 90 d, i. e. MF cheeses were less mature than

cheeses made with raw and Past milk. But at 20°C MF cheeses reached almost

the same level of maturity as raw and Past milk cheeses. At 17 and 20°C after

90 d cheeses made with raw milk were scored as very mature as a result of the

secondary fermentation.

These results confirm those of the second series of cheese trials (chapter

4.2.3.3) and show that at higher ripening temperatures the rate of flavour de¬

velopment was accelerated. As Raclette cheese is consumed in a melted form

it is necessary to evaluate further parameters for final quality assessment.



79 Results and Discussion

Fig 43 'Intensity of aroma' of Raclette cheeses after 60 d
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4.2.4.7 Melting Quality

The melting properties of Raclette cheeses were characterised by sensory

analysis, such as 'fat separation', 'viscosity', 'consistency' and 'firmness' of the

melted cheeses, and by 'softening and dropping point' using an automatic

dropping point measuring instrument.

The fat separation such as oiling-off was determined visually. Fig. 45 shows the

average for Raclette cheeses from different milk treatment and different ripen¬

ing temperatures after 60 and 90 d. Cheeses without fat separation had a value

of 1. With longer ripening time the fat separation increased, especially in

cheeses made with raw milk. It is known that in raw milk Raclette cheese fat

separation occurs more often than in cheese made from pasteurised milk [38].

After 60 d

100

After 90 d

100

0 10 20 30 40 50 60 70 80 90 100

Raw milk cheese

0 10 20 30 40 50 60 70 80 90 100

Raw milk cheese

Fig. 45: Fat separation of Raclette cheeses from different milk treatments

(n=8)

Viscosity and consistency were tested using a fork, the viscosity by stirring the

melted cheese in the pan and the consistency by lifting the Raclette cheese

and assessing the break off of the melted mass. The viscosity of all cheeses

decreased, i. e. the melted cheeses were less viscous with longer ripening time

(Fig. 46). However, taking the average for all ripening temperatures, i. e.

15.5°C, the viscosity of raw milk, MF and Pa cheeses after 60 and 90 d was

comparable. Generally, with longer ripening time the consistency of all cheeses

was judged to be 'shorter' (Fig. 47). After 60 d the average difference between
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raw, MF and Past milk cheeses was small. After 90 d the texture of the melted

cheeses with raw milk was judged to be longer than the consistency of MF and

Past milk cheeses. These results confirmed those from the first and second

cheese trial, in Fig. 23 and Fig. 28, where the viscosity and consistency of MF

cheeses were also judged to be lower than those of the raw milk cheeses.

Fig. 46: Viscosity of Raclette cheeses from different milk treatments (n=8)

Fig. 47: Consistency of Raclette cheeses from different milk treatments (n=8)

Eberhard et al, [37] [38] analysed the composition and physical properties of

raw milk and pasteurised milk Raclette cheeses of good and of insufficient
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melting quality, and found that the average score of good melting quality was

below 4 8 for viscosity, consistency and firmness They concluded that prote¬

olysis into the width led to a more viscous and longer texture of melted

cheeses, whereas the proteolysis into the depth led to a shorter consistency of

melted cheeses

The average score of the stated results for viscosity and consistency was below

4 8, and therefore in the required range for good melting quality Another im¬

portant sensorial parameter is the perception of firmness of the melted cheeses

in the mouth during chewing Fig 48 shows that after 60 d the average firmness

score for all cheeses was above 4 8 i e the perception was firm and tough

After 90 d all cheeses became softer and were divisible into two groups

cheeses made with raw milk and those made with Past and MF milk, the latter

having an average score of lower than 4 8 Cheeses made with raw milk were

firmer and with average score still above 4 8 of insufficient melting quality

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

Raw milk cheese Raw milk cheese

Fig 48 Firmness of Raclette cheeses (n=8) from different milk treatments

To investigate the influence of different milk treatments on melting quality in

more detail, further parameters such as softening and dropping point were

measured Fig 49 shows the softening and dropping point of Raclette cheeses

from different milk treatments taking into account the ripening temperature and

time The softening point of all cheeses increased with elevated ripening tem¬

perature and time The dropping point also increased with elevated temperature

but not necessarily with longer ripening time
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According to Eberhard et al. [37] [38], a softening point below 58°C and a drop¬

ping point below 65°C are typical for cheeses of good melting quality. Cheeses

of good melting quality contained more water and non-protein nitrogen and had

a higher pH, but contained less fat, calcium and lactic acid than cheeses with a

poor melting quality. Rüegg et al. [120] found that the increased intensity of

proteolysis was responsible for lower softening points and therefore better

melting properties.

As shown in Fig. 49, the effect of ripening temperatures of 17°C and 20°C for

60 and 90d on softening and dropping point was significant for all cheeses. This

can be mainly explained by the fact that at elevated ripening temperatures the

content of water decreased whereas the extent of proteolysis increased. The

effects of fat in dry matter and NaCI content were negligible. It can be con¬

cluded that cheeses from all three milk treatments can be ripened at 11 and

14°C for 60 and 90 d without impairment of the softening and dropping point. At

17°C for 60 d only MF cheeses showed a dropping point lower than 65°C.

In conclusion, with regard to the melting quality of Raclette cheeses, the fol¬

lowing recommendations can be made:

* Raw milk Raclette cheese has to be ripened at < 11°C (as secondary fer¬

mentation and flavour defects occur at higher ripening temperature).

• Past milk Raclette cheese can be ripened at < 14°C (as the melting quality

decreases at higher ripening temperature).

» MF milk Raclette cheese can be ripened at 17°C for 60 d (which is an option

for acceleration of ripening without quality impairment. Scaling up would be

necessary to confirm these results.)
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4.2.5 Mountain Cheese

The main difference between Mountain and Raclette cheeses is in the water

content, the latter being a typical hard cheese. During the cheese trials with

Raclette cheese it was found that the syneresis of MF milk is weaker and for

this reason it was decided to perform all three series of cheese trials with

Mountain cheese as well. In the following the relevant technological parameters

are summarised and compared with those of Raclette cheese.

In the manufacture of Mountain cheese the fat content of milk is higher, curd

washing is less intense and the scalding temperature is higher as shown in Fig.

12. Unlike Raclette cheese, where mesophilic starter cultures are used, Moun¬

tain cheese requires thermophilic cultures because the scalding temperature,

45°C, is 7°C higher than for Raclette cheese.

4.2.5.1 Chemical Composition of Mountain Cheese

As for Raclette cheese, only specific chemical parameters were analysed for

the Mountain cheese made from untreated (control) and MF milk (Tab. 20).

Tab. 20: Mean values and standard deviation (SD) of compositional analysis of

Mountain cheeses from control and MF milk (n=32)

Control MF

Mean SD Mean SD f-test

pH values after 4 h

after 24 h

after 120 d

5.64

5.13

5.71

75.3

49.9

0.06

0.03

0.05

5.61

5.10

5.69

0.03

0.02

0.08

ns

ns

ns

L(+) lactic acid [mmol/kg] after 24 h

D(-) lactic acid [mmol/kg] after 24 h

1.7

4.7

80

42

4

6

1.3

7.3

ft ft ft

ft ft

Water content [g/kg] after 24 h

after 120 d

410.2

358.3

8.2

8.7

423

374

21

57

5

7

18.8

19.3

ft ft ft

ft ft ft

NaCI [g/kg] after 120 d

NaCI / water [g/kg] after 120 d

19.3

53.9

7.5

345.2

534.4

3.1

8.8

5

5

2.1

7.4

ft ft

Calcium [g/kg] after 120 d 0.4

14.9

20.4

7 5 0.4 ns

Fat content [g/kg] after 120 d

Fat in dry matter [g/kg] after 120 d

343

524

0

5

12.9

24.8

ns

ns

effects: ns not significant; *p<0.05; **p<0.01: ***p<0.001
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The added thermophilic lactic acid bacteria starters consisting of Lactobacillus

delbruecki sp. and Streptococcus thermophilus sp. resulted in a decrease in pH

in the Mountain cheese, with no significant difference between untreated and

MF milk cheeses. In MF cheeses, however, the activity of Sc. thermophilus was

increased owing to absence of the competitive raw milk flora and the L(+) lactic

acid content was therefore higher. The production of D(+) lactic acid by Lacto¬

bacillus delbruecki sp. was lower in MF cheeses.

The water content of Mountain MF cheese was significantly higher after 24 h

and after 120 d compared to the control cheese, confirming the results obtained

with Raclette cheese (Tab. 7). The higher water content in both cases is due to

weaker syneresis caused by the microfiltration itself and by addition of HTT re¬

tentate and HTT cream, which have a higher water-binding capacity. The higher

water content of MF cheeses led to enhanced salt absorption during brining

and therefore to a significantly higher salt content in MF cheese. No effect of

microfiltration on the content of fat and calcium could be detected.

4.2.5.2 Bacterial Count and Free Short-Chain Acids of Mountain Cheese

Compared to Raclette cheese, microfiltration had similar effects on the bacterial

count and concentration of FSCA in Mountain cheese. Enterobacteriaceae,

enterococci and psychrotrophs were significantly reduced and Propionibacteria

were not detectable in MF cheeses. Facultatively heterofermentative lactobacilli

started to grow from a very low level (not detectable after MF) and after 120 d

they reached one order of magnitude lower concentrations than the control

cheeses. The concentration of FSCA in cheeses with indigenous microflora was

significantly higher than in MF and Past cheeses. With elevated ripening tem¬

perature (above 14°C) secondary fermentation occurred in cheeses made from

untreated raw milk as a consequence of the elevated counts of Propionibacte¬

ria. MF and Past cheeses showed no secondary fermentation at higher ripening

temperature. Neither n-butyric acid from butyric acid fermentation nor n-caproic

acid from lipolysis were detectable in any of the cheeses. This observation was

confirmed by the taste panel.

It can be concluded that Mountain cheese was affected by microfiltration in the

same way as Raclette cheese. All MF cheeses had a higher water content and

salt content and lower concentration of bacteria than cheeses made from un¬

treated raw milk.
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4.2.5.3 Proteolysis of Mountain Cheese

In the first and second Mountain cheese trial there was no significant difference

in quantitative proteolysis into the width and into the depth between cheeses

from untreated and MF milk, ripened at 13-14°C. In the third series of cheese

trials the proteolysis was accelerated with increased ripening temperatures and

time for raw, MF and Past milk Mountain cheeses. Compared to Raclette

cheeses the differences were small (Fig. 50, Fig. 51).

Mountain cheese after 90 d Mountain cheese after 120 d

40.0~

10.0-

17 20

Temperature / °C

17 20

Temperature / °C

Raw milk (100%),« Raw/Past (50:50%),A Raw/MF (50:50%), + Past (100%),
Raw/MF/Past (33:33:33%), * MF/Past (50:50%), • MF (100%)

Fig. 50: Proteolysis into the width (SN4.6/TN) of Mountain cheeses from dif¬

ferent milk treatments

The proteolysis into the width after 90 and 120 d was highest for Past milk

cheeses. The proportion of SN4.6/TN did not differ between raw and MF milk

cheeses during ripening. After 90 and 120 d at 23°C the soluble and non pro¬

tein nitrogen fractions of 100% raw milk cheese were significantly lower. An

explanation could be that a portion of amino acids were metabolised to ammo¬

nium and diffused during maturation from the cheese.

With increased ripening temperature and time the raw, MF and Past milk

Mountain cheeses showed less differences in proteolysis into the depth than

did the corresponding Raclette cheeses (Fig. 38).
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Mountain cheese after 90 d Mountain cheese after 120 d

z

z
CL

30.0

25,0

20.0

15.0

10.0

20

Temperature / °C

30.0

25.0

20.0

15.0

10.Ohj
17 20

Temperature / °C

» Raw milk (100%),« Raw/Past (50:50%),A Raw/MF (50:50%), + Past (100%),
Raw/MF/Past (33:33:33%), x MF/Past (50:50%), • MF (100%)

Fig. 51: Proteolysis into the depth (NPN/TN) of Mountain cheeses from differ¬

ent milk treatments

4.2.5.4 Sensory Analysis of Mountain Cheese

The sensory characteristics of Mountain cheeses after 120 d (such as 'prefer¬

ence' and 'intensity of aroma') in the third series of cheese trials are shown in

Fig. 52 and Fig. 53.

The graph of the three-component mixture is expressed in a triangle form and

allows evaluation of the dependence of an 'optimum point' on milk treatment,

ripening temperature and ripening time. Each axis of the graph represents the

cheeses from one of the three milk treatments with the mixture composition

from 0 to 100 %. Based on the seven determined points the statistical software

calculated the corresponding curves in the simplex lattice diagram. The size of

each of the seven points represents the measured mean value of the cheeses

The scores for 'preference' as well as for 'intensity of aroma' were highly af¬

fected by elevated ripening temperature and the cheeses were divisible into two

groups: those made with raw milk and those made without raw milk.

With regard to 'preference', cheeses with raw milk were generally scored lower

than cheeses made from MF and Past milk (Fig. 52). Cheeses with 'preference'

scores below 4.0 were judged as faulty because of off-flavour and eye defects

and this was the case for all cheeses ripened at 20 and 23°C. Only MF and

Past milk cheeses ripened at 14 and 17°C reached scores higher than 4.0.
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Fig 52 'Preference' of Mountain cheeses from different treatments ripened at

14, 17, 20and23°Cfor120d
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The reason for the low scores of raw milk Mountain cheese was the untypical,

unclean flavour as well as eye defects.

Mountain cheeses with scores for 'intensity of aroma' of 5 were in the range of

normal maturity whereas above 5, the maturity was more pronounced, The

scores for 'intensity of aroma' generally increased with elevated ripening tem¬

perature and MF cheeses obtained lower scores than Past and raw milk

cheeses (Fig. 53). MF and Past cheeses ripened at 23°C reached comparable

maturity. Cheeses made from MF and raw milk mixture were given the highest

score for 'intensity of aroma', i, e. 7.5 from a possible 8 points.

These results with Mountain cheese confirm the observation with Raclette

cheese, that higher ripening temperatures accelerate the rate of flavour devel¬

opment.

With regard to the sensory properties of Mountain cheeses it can be concluded

that

• Raw milk Mountain cheese can be ripened at < 14°C for 120 d (as secon¬

dary fermentation and flavour defects occur at higher ripening temperature).

» Past and MF milk Mountain cheese can be ripened up to 17°C for 90 d (to

accelerate ripening without impairment of quality).
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4.2.6 Sensory Assessment of Raclette and Mountain Cheese

The sensory properties of Raclette and Mountain cheeses were judged addi¬

tionally to the group of cheese experts by a professionally sensory trained panel

of 12 persons from FAM. The panel used a methodology that allows the de¬

scription and quantification of the olfactory and gustative characteristics of all

hard and semi-hard cheeses. The difference between the trained panel and the

cheese experts is that the panel applies the same 'absolute scale' for all

cheese varieties, whereas the cheese experts use a standard protocol with a

relative scale for each cheese type. The trained panel determines the extent of

'aroma', 'odour' and 'taste' (sweet, salty, acidic and bitter), each with a score of

1-7. The maximum score applies to the strongest sensory property of the at¬

tribute in question. The attribute 'milky' belongs to the 'odour' group.

As shown in Fig. 54, the differences in the sensory profile between Raclette

cheese from untreated raw and MF milk were slight and not statistically signifi¬

cant. These slight differences were due to the absolute scale.

acidic

very acidic

salty y-

very salty

bitter
very bitter

Raw milk Raclette very sweet

M F Raclette

sweet

milky

very milky

odour
^ 1 1 1

very strong

aroma

strong,

very mature

Fig. 54: Sensory profile of Raclette cheeses, after 120 d of ripening at 11°C

(n=8)
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For 'taste' (sweet, salty, acidic and bitter), 'aroma' and 'odour', MF Raclette

cheeses after 120 d of ripening were scored lower than raw milk Raclette, re¬

flecting the fact that MF cheeses were milder.

As shown in Fig. 55, the sensory profiles of raw milk and MF Mountain cheeses

after 150 d of ripening were almost identical. Only the aroma and the acidic

taste were scored lower in MF cheeses.

bitter
very bitter

very milky

acidic

very acidic

salty ^
very salty

odour

very strong

sweet

aroma

strong,

very mature

very sweet

"—"

Raw milk Mountain cheese

""MF Mountain cheese

Fig. 55: Sensory profile of Mountain cheeses, after 150 d of ripening at 11 °C

(n=8)

In general, Raclette cheese was more salty, acidic and bitter and less milky and

sweet than Mountain cheese.

Since the absolute scale represents the consumer reaction with regard to the

sensory properties of a cheese it can be assumed that according to the above

results the consumer will not detect big differences between raw milk and MF

cheeses.
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4.3 Economic Feasibility of Microfiltration

The objective of the study was to calculate the profitability of the investment

into microfiltration, including HTT equipment, on three different capacity levels.

The investment for microfiltration equipment involves high costs and it therefore

is essential to evaluate the time-adjusted annual expenses and revenues. The

calculation of investment was based on the net present value (NPV), including

time-adjusted cash flow, i.e. the discounted cash flow. In addition, sensitivity

analyses were carried out to determine the parameter which is the result of the

decisive criterion, the so called 'critical value', of the corresponding investment

alternative.

4.3.1 General Conditions

To obtain relevant and realistic values, assumptions were made according to

the principles of precaution. The annual costs and expenses were rated offen¬

sive whereas the annual revenues were rated defensive. The investment cal¬

culation was based on the general conditions in Tab. 21.

Tab. 21 : General conditions of the investment calculation

Parameters

Daily operation time of microfiltration

Days of milk treatment per year
Flux

Write-off (linear)
Economic life

Rate of interest

Whole milk price
Skim milk price
Annual rise in prices

h/d 8.0

d/a 300

L/m2h 302

a 12.0

A 12.0

% 8.0

CHF/kg 0.75

CHF/kg 0.35

% 2.0

With respect to the Swiss conditions for the amount of milk processed/day, mi¬

crofiltration capacities of 4'000 kg milk/hour (installation 1), 8'000 kg milk/hour

(installation 2) and 12'000 kg milk/hour (installation 3) with an operation time of

8 hours were chosen (Tab, 22), The expenses were composed of the invest¬

ment costs for microfiltration equipment, including HTT equipment, write-off,

labour costs, costs of production, maintenance and cleaning. The annual infla¬

tion rate of 2% was added to labour, production, maintenance and cleaning
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costs.

Tab. 22: Investment costs and average of annual costs, excluding rise in prices

Installation

1 2 3

Milk processed/day 1000 kg/d 32 64 96

Operation time H 8

657

8 8

Investment costs CHF/1000 799 897

Annual costs

Write-off1 CHF/1000 55 67 75

Labour3 CHF/1000 27 27 27

Maintenance
3

CHF/1000 10 12 13

Cleaning
3

CHF/1000 20 32 41

Production
3

CHF/1000 27 47 62

Total annual costs CHF/1000 139 185 218

1
.

2
., ,„ X nn-r,r,

Linear write- off over 12 years, 1/3 of 80'000 CHF./year labour cost for one employee;
3
2% of basis investment price

At present the price of non silage milk is 0,12 CHF/kg higher than for milk ob¬

tained from silage-fed cows. A first annual source of revenue was based on the

1% reduction in cheese loss due to the absence of butyric acid fermentation in

cheeses and a price of 11.10 CHF/kg cheese was assumed. A second annual

source of revenue was based on milk price savings of 0.06 CHF/kg during the

winter months (125 d) compared to the price of non-silage milk (Tab. 23).

Tab. 23: Revenues per year in kg, i.e. in CHF

Daily amount of milk

Annual amount of milk (300 d)

1

Installation

2 3

Total cheese1 1000 kg/a 964 1'928 2'892

Savings due to reduced cheese loss2 1000 CHF 107 214 321

Milk price savings3 1000 CHF 241 482 723

1
Cheese yield: 10%;

2
1 0% of total cheese at 11,10 CHF/kg;

3
0.06 CHF/kg of annual milk total

based on 125 d
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4.3.2 Economic Feasibility

The capital budget was based on the write-off time of 12 years and the NPV

calculated as the sum of the annual discounted cash flow. In cases where a

write-off of 5 years was used, the NPV for the smallest installation 1 was nega¬

tive and, thus, not profitable for an investment, whereas for the installation 2 or

3 the influence of the write-off was not decisive, as shown in Tab. 24.

Tab. 24: Residual value (discounted) and NPV in T000 CHF for economic life

of 5 and 12 years

Installation Economic life

5 years 12 years

Residual value NPV Residual value NPV

1 86 -61 50 895

2 101 945 59 3'009

3 112 2'060 65 5'261

For the profitability it is important that the discounted cash flow, i. e. annual net

revenue, is positive from the third year onwards in order to minimise the in¬

vestment risk. In Fig. 56, the discounted cash flows of all three installations for

12 years are shown.

Ye a r s

—o—Installation 1 —x— Installation 2 —ù—Installation 3

Fig. 56: Discounted cash flow for 12 years

The calculation revealed that based on the general conditions defined in Tab.
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21, for all three installations a positive net revenue can be achieved in the first

year. The respective NPV (Tab. 24) were also in a positive range. The calcula¬

tion of the time-adjusted (dynamic) pay-back (break-even point: NPV = 0) was

four years for installation 1, two years for installation 2 and one year for installa¬

tion 3 (Tab. 25). Further calculations revealed that when only revenues from the

milk price were considered, the break-even point led to a necessary saving

between 0.03 and 0.06 CHF per litre of silage milk processed. When only reve¬

nue from the cheese loss was considered, the break-even point led to a neces¬

sary minimum saving between 1.1 and 2.2%, depending on the installation size.

Tab. 25: Break-even points of the installation, NPV=0

Break-even point Installation

1 2 3

Dynamic pay back a 4 2 1

Exclusive saving from milk price CHF 0.06 0.04 0.03

Exclusive saving from cheese loss /o 2.2 1.7 1.1

More detailed information on the calculation, such as capital budget and sensi¬

tivity analyses was published by Klantschitsch et al. [80].

It can be concluded that the investment into microfiltration, including HTT

equipment, is profitable if

1. the milk price/litre of silage milk is 0.06 CHF less for installation 1, 0.04 CHF

less for installation 2 and 0.03 CHF less for installation 3 than the price of

non-silage milk. In such cases no further savings on cheese loss are neces¬

sary.

2. the cheese loss is over 2.2 % for installation 1, 1.7% for installation 2 and

1.2% for installation 3. In such cases no further savings on milk price are

necessary.

From the above calculation it follows that the microfiltration process opens up

new opportunities for industrial cheese manufacture and its future competitive¬

ness. For a profitable commercial cheese production with the amount of milk

processed/day below 5000 litres it will be necessary to use the capacity of the

MF equipment for additional operations such as liquid milk, treatment of whey
and brine and other products.
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5 Conclusions

The microfiltration of skim milk with a membrane pore size of 1.4 urn used in

this work proved to be suitable for elimination of raw milk flora microorganisms

and particularly of CI. tyrobutyricum spores from raw silage milk in the manu¬

facture of Raclette and Mountain cheeses of good quality.

The high efficiency of removal of Clostridia spores by microfiltration was inde¬

pendent of the form of spores present in milk and resulted in counts below the

detection limit of 25 spores/litre MF skim milk. This allowed the manufacture of

Raclette and Mountain cheeses from silage milk without butyric acid fermenta¬

tion. Additionally, microfiltration significantly reduced the counts of raw milk flora

such as enterobacteriaceae, enterococci, psychrotrophs, Propionibacteria, fac¬

ultatively heterofermentative lactobacilli and salt-tolerant bacteria to a level be¬

low 200 cfu/ml in MF skim milk. Nevertheless, the initial milk for cheesemaking

has to be of good microbiological quality because the enzymes pass through

the membrane and can cause rancidity and other flavour defects in cheese.

Several differences between MF skim milk and untreated raw milk during

cheese manufacture were observed;

- The syneresis of MF cheesemilk was weaker and resulted in 50% more

cheese fines than with untreated cheesemilk.

- The water content of MF cheeses was increased by 3% compared to un¬

treated raw milk cheeses because of the addition of HTT retentate and HTT

cream with higher water binding capacity. The higher water content led to

4% higher cheese yield in MF cheeses,

The elimination of indigenous raw milk flora by microfiltration led to significant

differences between MF and untreated raw milk cheese maturation. The bacte¬

rial count of MF cheeses was lower and the concentration of free short-chain

acids significantly reduced, with the result that the development of flavour in MF

cheeses was less intensive than in cheeses from untreated milk. In general the

overall quality of MF cheeses was scored slightly higher than that of raw milk

cheeses due to the milder and cleaner flavour. With regard to the proteolysis,

the MF and untreated raw milk cheeses showed no significant differences. This

can be explained by the fact that the indigenous enzymes can pass through the

membrane and because the same starter cultures were added, the proteolysis
in all cheeses had the same intensity, When Raclette cheeses were melted the
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MF cheeses were judged to be more viscous and to have a shorter and softer

texture than untreated raw milk cheeses.

The elimination of indigenous raw milk flora by microfiltration could be recon¬

structed by addition of already 1-2% raw milk. Addition of adjunct cultures such

as L. casei, L. helveticus, Micrococcus sp. and Candida utilis influenced the

flavour and proteolysis of MF cheeses, however, less effectively than the addi¬

tion of raw milk. Technological measures such as preripening of cheesemilk

and elevated ripening temperature for the reconstruction of raw milk flavour in

MF cheese showed that elevated temperatures during ripening proved to be the

most promising means of accelerating the ripening of MF cheese. Elevated rip¬

ening temperatures led without quality impairment to an increased concentra¬

tion of free short-chain acids, to enhanced proteolysis in MF cheeses and, con¬

sequently, to greater intensity of aroma. MF Raclette cheeses of good sensory

and melting quality were ripened at 17°C for 60 d and MF Mountain at 17°C for

90 d. In cheeses made from or with raw milk the elevated ripening temperatures

caused secondary fermentation as well as flavour defects because of increased

Propionibacteria activity, Consequently, Raclette cheese made from or with raw

milk should be ripened at temperatures below 11 °C and Mountain cheese be¬

low 14°C. In MF and Past cheeses the count of Propionibacteria was below the

detection limit and at elevated ripening temperatures no secondary fermenta¬

tion occurred. To achieve good melting quality, Past Raclette cheeses should

be ripened at < 14°C for 90 d and Past Mountain cheeses at 17°C for 90 d. MF

cheeses were comparable to cheeses made from pasteurised milk.

It became clear that microfiltration had the same effects and consequences for

Raclette and Mountain cheese. Differences between the two cheese varieties

were mainly due to technology. In general, Raclette was more salty, acidic and

bitter and less milky and sweet than Mountain cheese. When the sensory pro¬

file, including olfactory and gustative characteristics with an absolute scoring

scale, was applied only small differences between raw milk and MF cheese for

Raclette as well as for Mountain cheese were recognisable. As the absolute

scale represents the consumer reaction regarding sensory properties of

cheeses, the consumer will not detect large differences between raw milk and

MF cheeses.

The results of the economic feasibility study showed that microfiltration offers

new opportunities for industrial cheese manufacture and its future competitive¬

ness. For a profitable commercial cheese production with the amount of milk

processed/day below 5000 litres it will be necessary to use the capacity of the



101 Conclusions

MF equipment for additional operations such as liquid milk, treatment of whey

and brine and special products and to organise co-operation between small

plants. It must be emphasised, however, that factories using microfiltration still

need to process milk of good bacterial quality, as the enzymes can pass

through the membrane.
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