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Preface

Jarlsberg cheese has become the Morwegian dairy industry’s top international brand
- a success on both the home and export markets

In recentyears the demand on theinternational market has become so greatthat TINE BA has
established production of Jarlsberg cheesainthe US4 and Ireland. Mever before has a
Morwegian cheese type been such a sales success,

The Jarlsberg cheese that we know today is a result of alorg period of research and
developmert which was carried out by researchers at the Dairy Institute at the Ag ricultur al
University of Morway.

The development began in 1956 and continued for about 10 vears until Professor Ole Martin
¥stgaard, who led the research work, decided that the resear ch-based developmert was
complete, It is now about 50 years since student of Dairy science, Per Sakshaug, under
supervison of Professor Ystgaard, produced a cheese in his Masters research that became the
starting point of the long research projectthat gave us Jarlsberg cheese,

This book describes the fruitful cooperation between a research establishment and industry.
It reveals how researchers were able to sharetheir knowledz e of the cheese's production
technology with the dairy industry and how their professional skills actively contributed to the
establishmert of commercial production.

Today's Jarlsberg cheese (s a result of purposeful research and has only its name in common
with the cheese produced inVestfold inthe ald days.

The authors considerthatthe research-based devdopment of the world-famous Jarlsberg
cheese is a success stary that should be told, We think this book will be of interest to people all
o er the world who are interested in cheese and it isther eforewritten in both Morweg lan and
Erglish.

The international dairy community will now gain insig bt to this story. Many people are deeply
irterested in cheeses and their origing, inthe same way as many are interested in wine.
ProfessorYetgaard died in 1970, but several members of his research team, who worked with
the making of larlsberg cheese during its development at the Dairy Institute are alive today.
Authors 5trand, Steinsholt and Byre actively participated inthe development of the cheese and
have therefore been ableto make unigue cortributions with details on the development of the
cheese, In addition, we have had the pleasure of interviewing people who were important in
the developrmernt of the cheese and inthe cheesemaking trials

Wetherefore wish to thank Willy Authen, former manager of the Research Dairy at the Dairy
Institute, for important information. Interview s with former operational manager of the
Research Dairy, Einar Utne Qgre and former cheesemaker Arne Manum have provided



interesting insight intheworkirg situations and methods used in parts of the development
work.

Part of the story of the development of today’s Jarlsberg cheese is clearly conmected to TIME BA
and support from key personsthere has been of great importance, Wewish to thank former
mManaging Director in TINE BA, Jan Cve Holmen, who enthusiastically supported the work and
also gave financial supportto the authors for covering expenseas incurred durirg the writing of
the book.

Rolf Heskestad, Manager of CheeseTechnology in TIME, deserves a special mention for his
important contribution to the book. Hislong experience in cheese and cheesemaking, and his
consderable knowledge about cheese makes him especially qualified to writethe chapter:
"Sorme main features of thetechnological developrmient of Jarlsberg cheease since 19657,

The administration at the Agricultural University of Norway (now the Morwegian Unlversity of
Life Sciences) has encourag ed the writing of this book. Infor mation consultant at the University,
Kriut Werner Alsén, has liased with the publishers and hasgreatly contributed by selecting
rany of the illustrations and givirg expert advice to the authors in matters of graphic design
and other technical aspects concernirg this publication.

Thanks are also due to publishing editor Henriette Seyffarth who has shown usgreat patience.
Professor Judith A, Marvhustook onthe considerable job of translating the book irto English,
Professor Marvhus is English and has, with her PhD in microbiology and lorg experience as
researcher and professor in Dairy technology, the best qualifications for carrying out this
demanding work with its specialist vocabulary. Our warmest tharks are corveyed to Professaor
Marvhus



Introduction

Jarlsberg cheese was developed at the Dairy Institute at the Agricultural University of Morway.
Under the leadership of Professor of Dairy technology Ole Martin¥stgaard, a large team of the
Institute’s dairy researchers and technical staff conducted the extensive research and
development that culminated in the cheese,

Jarlsberg cheese has become both a national and international success On the international
market, it isconsidered an exclusive cheese and commands a high price. It has become a
"cheese of theworld”, and is regarded as the prototypefor a group of cheesesthat are made
like a Gouda cheese, but have holes, or eyes like a Swiss chease,

For mary international cheeses, their origin is known and described. The arigin and
development of today's Jarlsberg cheese has not previously been documented, An authorized

accourt of the cheese’'s higtory and origin cannot be found in any Norwegian or international
scientific lterature,

This book s written by dairy scientists, two of whom were involved intheactual devdopment
work: Professors Arne Henrik 5trand and Kjell Steinsholt, One of the authors, former Deputy
managing Director of TINE, Odd Byre, was a student at the Dairy Institute atthetime larlsberg
cheese was developed and wrote his Masters Thesis on it. He laterworked a great dealwith
Jarlsherg cheese, both as a research assistant at the Dairy Institute and as an employee at TINE,
Roger K. Abrahamsen s Professor of Dairy Technology inthe same Professorial chair previously
occupied by Professors Yetgaard and Strand.

The first cheesemaking experiments to inspire researchersto initiatethewaork that led to the
Jarlsherg cheese we know today were conducted inthe Research Dairy at the Dairy Institutein
the autumn of 1955, These cheesemaking experimentswere a part of dairy science student Per
Sakshaug's Masters Thesis The cheeses were evaluated and analyzed in 1956, and thethesis
was submitted on April 30 that vear. The real research that provided the scientific foundation
for the establishmient of the special cheesamaking techniques for larlsberg also began in 1956,
It is therefore logicalto define 1956 asthe year of the birth of Jarlsberg cheese, although
several yvears research was required before the original development work was deemed
completed, Thus, 2006 celebratesthe 50th anniversary of the birth of Jarlsberg cheese,

The history related here is almost unknown except to those who were directly irvolved inthe
work orin some other way had a special interest, Over the years, several stories have beentold
about Jarlsberg cheese, butthey are not based on fact — yet another reason to finally write the
real history of Jarlsberg cheese,

Most of this book is dedicated to the dairy science aspects of the developmert of Jarlsberg
cheese because some of those who partook inthe original research and inthe practical
technology development have cortributed with information about the process, Inthis way, we
have been able to show how both basic and applied research can form the foundation for
cormmercial successes, The development of Jarlsberg cheese is agood example of how the
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resources of an academic institution, such as the Agricultural University of Morway, can be
an asset forthe Morwegian dairy industry. This history isthereby a documertation of an
innovation processthat is still relevant today, where it is important that research, innovation
and commercial establishment of a production process proceed hand-in-hand,



The Birthplace of Today’'s Jarlsberg Cheese

Air photo showing the new Doy
Iretituie at the camgs anea.The
| ol dainy in front

The cheesewe know today as

_ larlsberg i5 In many ways, a cross
between Gouda and Emmental
[Swiss) cheeses, When Jarlsberg
cheese was developed, no

sirmilar production technology was
kriown or used amwhere elze in
the world. In other words, a
completely new cheese had been
created, It wasnot by chancethat
larlsberg cheese was developed at
the Dairy Institute and the
Research Dairy, for it was here
that research-based dairy product
development, in particular of
cheese, was concentr ated. Around
thistime at the Dairy Institute, the
technology for making Small Swiss
cheese, Morwegian Saint Paulin,
Ridder cheese and thetrue white

goat's milk cheese, Rosendal,
was beirg studied. Considerable cheesemaking research was also carried out on MorwegZian
Gouda.

The Institute had a long tradition of research on milk as a raw material and with the processing
of milk into various dairy products, academically based on dairy science and technology.

The National Center For Dairy Research And Dairy Education At The Agricultural
University Of Norway

The Agricultural Colleg e was established at As in 1859, It was closed in 1897, and the
Agricultural University of Morway wasthen established at the same location. The Act relating to
The Agricultural Univer sity of Morway was passed by the Morwegian Parliament (Storting) in
1897 and sanctioned by King Oscar [l on May 22 the same year. The establishment of the
University paved theway for a more extensive research activity, which wasvery beneficial for
the quality of teaching at the University.



Right from the establishment of the Agricultural University at As the study of milk and milk
processng wasan active area. In order to improvethe efficiency of butter production, the
College'sfirst Director, Frederik August Dahl, and Chemist Anton Rosing experimented with
optimization of conditions durirg the separation of cream from milk.

The results of thiswork were of direct cormmercial application for the dairy industry since they
led to the irtroduction of the so-called "ice method”,

Thizs method became the technology of choice until the continuous cream separator was
developed by Gustaf de Laval in 18 78.

Asearly as 1866, the process of Mekkelost (Leydner cheese) production was sudied atthe
Agricultural University at As Various chemical aspects of milk, includirg different methods far
determining the fat content in milk, were also studied {25, 56).

Auturnn 1953 the rew Institute ard Reseamh Dainy was completed.
At the elghth of September the fist milk delvery was made to the
dalry.

The Agricultural University of Morway
established its own dairy in 1900,
Although small, it was a modern dairy
according to the standards of that

time, However, it was not particularly

. suitable for research on milk and milk
_L'ifrﬂ‘ - B W treatrert. Although the Universty's

P j“ : dairy did have cheesemaking equipment,
thiswas totally unsuited for research on
a product ascomplicated as cheese, An
important activity at the Agricultural




University was the testing of new machines and equipment before they were taken into use by
the dairy industry.

Eventually, the need for deeper and more sclentific research in chiezsemaking technology
became apparent. In 1933, Statens Meieriforsek was established by the Ministry of Agriculture,
It wasimportantto build up a dalry research station, and the possibility of this being located at
the Agricultural University was actually considered. However, itwas pointed out that neither
premises nor milk were available, and that the senior teacher in Dairy science, (later Professor)
Kristoffer Staren, had too heawy ateaching load to head such a research institute, Statens
Meieriforsek wastherefore established without access to a suitablelocality for dairy research.
The main offices werein Oslo and the dairy research was conducted at various dairies around
the country. Ludvig Funder was appoirted to lead Statens Meieriforsek. Funder had gudied at
agricultural colleg e, at dairy school and then Dairy Sclence and Techrology atthe Agricultural
University (1899-1901), where he was among the first students to gualify with a Masters
Degree in Dairy Techrnology. Mumerous comprehensive research experirments in dairy
technology were conducted under hisleadership, marmy of which areimpressive sudies

consdering that all research up until 1953 had to be conducted as part of ordinary production
in commercial dairies,

Funder also made great achievemerts inthe development and improvement of dairy products
Cheese milk ripening, development of goat’'s milk cheese and the production of Pultost {a
Morwegian speciallity) were amorg thetoplics studied in the early days at Statens Meleriforsak.

A New Dairy Institute At The Agricultural University 0f Norway

Astheresearch activity at Statens Meieriforsak increased, it again becamerelevartto discuss a
formal collaboration with the Department of Dairy Science and Technology at the Ag ricultural
niversity.

The need for a research dairy with modern facilities was becoming increasing ly pressing. A
committes began evaluating the possibilities in April 1940 and delivered their report in June,
They recommended moving all of the research activity to the Agricuttural University and this
eventually took place in 1942, In January 1941, the same committee proposed that Statens
Meleriforsak betotally amalg amated with the Department of Dairy Science and Technology ,
and recommended the establishmert of a new Department, the Dairy Institute, with its own
Research Dairy.

Dueto failing health, Ludvig Funder gave up hisjob as leader of 5t atens Meieriforsek when

it moved to As The post was first taken over by Professor Steren and later by Professor Rasmus
mork. When Professor Yatgaard was appointed in 1951, it was natural that he, as Professor of
Dairy Technology, was given responsibility to further the activity earlier conducted by Statens
Meieriforsak.

The committee that had proposed the amalgamation was also instructed to develop plansfor



the future organiz ation of the new Dairy Institute, and these were deliver ed on December 22,
1942,

According to Maork [25], these plans proposed that:

1) A research dairy be built on the Univer sity campus;

2) The amount of milk needed annually, about 4 million kiles, would be obtained from As
Dairy Cooperathive; and

3) Plans should be drawn up for the dairy and for other buillding sthat were to be used for
teaching laboratories, lecture rooms and offices

After extensive debate, the plans for the organization, administration and locality were finally
presented in 1946 and recelved unanimous acceptance.

Financing was naturally a problem. The project was evertually fully financed whern the
Morwegian Milk Producers’ Mational &ssoclation [Morske Melkeproduserters Landsfor bund)
supplied an interest-free loan of 1.2 million Morwegian Kroner [MOK). Planning permission for
the Institute was received and construction work began in 1949, Inthe autumn of 1953, the
rew Dairy Institute and Research Dairy were opened and thefirst milk was delivered. The milk
supply to As Dalry wastransferred to the Research Dairy and As Dairy itself closed. The
Manager of As Dairy, Willy Authen, who had been educated at the Agricultural University's
Dairy Department, wasthen employed asthe first Manager of the new Research Dairy. Starting
in 1952, he also became Secretary of the Building Committeafor both the Research Dairy and
the Dairy Institute (3).

Construction of the new Institute and dairy provided a unique potertial for dairy researchin its
broadest sense. Modern and spacious
laboratories and lecture rooms provided
gimulating conditionsfor researchers and
guderits alike, and dairy graduates were often
ergaged aslorg- or short-term research
assistarts, The new Institute had a young and
enthusiagic staff and fundamental research
could now be conducted inthe laboratories
and Research Dairy under grictly controllable
conditions (34, 51).

At that time, the Dairy Institute was divided
into three sections which were led by Professor
Peter Solberg [ Section for Chemistry,
Bacteriology and Marked Milk Techrnology ),
Professor Ole Martin¥Yatgaard (Section for
Dairy Technology ) and Professor

Rasmus Mork (Section for Dairy Economy).
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Dairy Ergineering wasthen a part of the Dairy Econormy section, but |ater became a separate
section led by professor Olav Framhbus.

The design of the Research Dairy made it ideally suited for cheesemaking experiments under
controlled conditions (59). After the Research Dairy and theripening and storage rooms were
completed in 1956, early researchwas primarily ontechnological problems and factors
associated with cheesamaking. Itwas possible to conduct well-desi ned experiments in pilot
scale (400-liter cheese vats) and invats equivalent in size to those used in commercial dairies at
that tirme (4,000 liters). Mot only wasthis unigue capacity of the new practical research facilities
important for studying traditional products, it was well suited for product development
research aimed at new cheese varieties and types The new Dairy Institute and its Research
Dairy wera an absolute necessity for the initiation of the work to develop the cheese that was
to become known as Jarlsberg. Yagaard wrote: "In our cheesemaking experiments, we have
concertrated on the development of new cheese types In particular, we have worked with
Swisstype cheess madefrom pasteurized milk.

Wehave succeeded in developing two types, Jarlsberg and a Small Swiss cheese (Liten
Sweltserost), both of which have been well received by the consumers, We are continuing
to develop the cheesemaking technology for thesetwo cheeses in order to achieve
greater production stability.”

The making of cheeseis dependent on a range of complicated biological chargesto

the componerts of milk and cheese and on the technology used. All of these haveto be
controlled in a satisfactory way in order to achieve agood end product. To understand

andto be ableto cortrol all the factors that are
important for cheese quality, such as

time, temperature, humidity, salt concentration
and acidity, knowledg e of the complex
interactions in cheese (s necessary. It isalmost
impossible to describe these irter actions
without registering chemical, microbiological
and physical conditions and sensory

properties during both cheesemaking and
ripenirg. Modern experimental design and

g atistical treatment of the research data are
critical for understanding the effect of the
variousfactors on the quality of the cheese.

The prerequisites for this type of research were
available atthe Dairy Institute and Reszarch
Dairy, aswas seen durirg the development of
Jarlsberg. The scientific staff was also familiar
with modern experimental design and statistics,
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which wasimportant for the design of the cheesemaking experiments and essential for the
correct treatment of the large amourts of data thus obtained.

The production area in the new reseanch dajirg und erconstruction.

Wihen finshed, the main produc fion anea was organied with c hurning eguipmantatihe kack, pasteurzes and sep@ators in the middle and
ches e factory in fontof the hall.
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The People Behind the Cheese

{1

e

Students Inactionwith cheese
rriaking. All cheese rraking trals,
ako with the larkbeg cheese,
were conducted In semitechnical
scake Inbatches of 400 |te s of
il k. 5ix c heese vats of the
capacity wemr avallable for ths
pU rpose .

ProfessarOle MartinYstgaad, the

leading reseamcher inthe deve lopameant
oflarkbeng ¢ hease.
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Led by Professor Ole Martin¥stg aard, the work of developing larlsherg cheese was org anized as
modern teamwork. Several resourceful members of staff at the Dairy Institute and Research
Dairy took part in plannirg and conducting the cheesemakirg and ripening experiments, as well
asinthe comprehensive analysiswork that was necessary to g enerate the data that formed the
basis for the development of the technology for the cheese,

At the time when Jarlsberg cheesewas beirg developed, the scientfic staff at the Dairy
Institute was occupied particularly with studies of cheese ripening and of the microorganisms
irvalved inthe ripening process, Accociate professor Erling Brandseter led this work,
accompanied by Research Assistant Torleif Korvald and Research Technician Kjerstine Fjasne
[later Ly=a).

After larlsberg cheese became a reality, Kjerstine Ly se wasgiven responsibility for maintenance
and production of the bacteria culture of Propionibacterium frewdenreichii subsp. shermanii,
which was crucial for the developmernt of the cheese’'s characterigtic properties. The culture
was propagated inthe Institute’s labor atory and was sent out each week to all the dairies for
cheese production. Thus, the entire commercial production was dependent on both the
thoroug hness of Kjerstine Ly sa’swork with the culture and itstimely digpatch to the dairies.
After 1991, thiswork wastransferred to TIME RED, Vall.

Towardsthe end of 1955, the installation of equipment for the new Research Dairy was
complete, Research conducted by the Dairy Technology Section then increasad its focus an
cheese technology. Research Assistant (later Professor ) Arme Henrik Strand became particularly
ergaged in all the various cheesamaking experimeants

Several other cheese types were also thoroughly sudied, including the technology for
Morwegian Gouda-type cheese and Small Swiss cheese (42, 43, 44, 61, 62).

All of the experimerts, on both Jarlsberg cheese and the other cheese types, were conducted
asfactorial experiments. The design of the experiments and the statistical treatment of the
data from the resultswere donein close collaboration with assistant professor (later Professor
of Dairy Economics and Food Industrial Economics) Gudmund Syrrist, and Research Assistant
(later Professor of Food Technology) Kjell Steinshalt,

The experimental design comprised four parallel cheesemaking s each day. This could anly

be achieved with considerable work input and teamwork from qualified personnel. M any
people, wellversed in practical cheesemaking and research work, took part inthe research
durirg this developrmental period. Much of the practical work was carried out by research
technicians Kjerstine Lysg, Hedvig Rad, Borghild 5teinsland and Gerd M. Tufto, Klara Mordby,
Jorid Erngan Skel and Brita Milsen also participated. From the scientific staff, Research Assistant
Arne Henrik 5trand, Research Fellow Kjell Steinsholt and Chemical Engineer {later Associate
Professor) A Svensen took active part in the cheesemaking in the larg e resear ch experiments
for Jarlsberg cheese, Most of these people also contributed to the comprehensive chemical and
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microbiological analysesthat were done in connection with the cheesemaking experiments and
with the cheese during maturation.

These analyses included the use of recently developed chromatog raphic methods to Identify
some chemical components that areimportant for the taste and aroma of Jarlsberg. Inthe early
days, thiswas dome by researcher Vincent Abate, but was |ater taken over by Alf Svensen, who
systematically moderniz ed these methods and became an expert in gas chromatographic
analysis,

The Research Dairy’s pilot scale cheesemaking equipment was used for all the cheesemaking
experiments, but asthe technology developed, the production was scaled up to full technical
scale, using 4,000 liters of milk each time. The Research Dairy had several skilled personnel
durirg thetimethat Jarlsherg cheese was developed. The Manager of the dairy, Willy Authen,
systematically followed up the scaling up of the cheesemaking to cheese production in
commercial scale. Great interest and erthusiasm was shown for thefurther development of the
technology necessary for thisscaling up, and technical managers William Bue, Einar Utne Ogre
and Gurnar Petersen were active in this work. Experienced cheesemakers Roald Pedersen, Arne
Manum and Gunnar Reitis were responsble for the actual cheesamaking.

Good teamwork inthe dairy was imperative for the fundamertal research and practical side
of the cheesemaking technology. Professor Ole Martin Ystgaard led thiswork, and was full of
both corvertional and uncorventional ideas,

The other dairy reszarchersthen turned thess original ideas imo good research projects based
on modern research principles, They were also able to make use of the latest in analysis and
contral methods, and had a qualified technical staff at their disposal, without whom none of
thiswork would have been possible, The developmernt of the practical cheesemaking
technology inthe Research Dairy made it possibleto cortinue this work right up to the
establishmert of commercial production.

Ol Reartin vetgaand | 1970=19 70, bom in 5 ga rbu. Exam g rtium G0E) 1937, Dairy College 1936, &gnc uliural
Unive s ity of Morway, Dainy Science and Technobogy, 1939 . 45 ateacherat Doiry Colege from 1940-1951, he
completed a number of shor: and long 4erm studies both athome and abroad, and finshed with a kasterof
Scienoe degree atlowa State Linbersity bn 1950 Prodess orof Dy Sceme and Technodogy at the &g ulurall
Unives iy of Morsay fom 1951, Here, he helped pbn and ealse the new Diy et e, whene he d

Cipp oriun bies o deselop his greatwealih of ideas and expent nowiedge in both reseach and teaching. & gaad
empoyed kecturing., and eveno e who has ktened o himnemembe s himsith gatitude. He was highly espected in
his field of dairy fechnology and was panculady inenested incheese technology. In 1963, he receded Jon Sundiy s
speec i@l award fior bk work in cheesemaking. On the baseof his geat expertise in he field, ®gaad hed a number of
honorary posts and wa 3 memberof vaniow govennment and expent oo mmittees, s uch as Monsay's nepresentatve
in the Permanent Councilat the intenna ticnal Cheese Comeintion.

PorSalchaug | 193 7=1995 . PerSaks laugspent e chidbood years at Odak Daiy atSkannes, wherne his Gthersas
Manager. Afer Eam &rium & CE) and Cairg College, he studied D9ing Scienoe and Tec hnology at the Agrculual
Linkae rsity of Morsay, fromshene he gradwumted in 195 Bedone starting h s extersive cmeer in pacical daingng., he
speint one year as Research Assistantat the Daing Instituie's Section for Daing Economy . &5 Mamager of Ja=nen Coing
in Bryne, he was ako Hadmaster atthe Qi College atthe same plhoe for fre wears, but had his longest

& sociation with Rogabind Dain's Frue Daing, wharne he etied as Director in 1992, Sakshaug w3 promdnent figue
with a greatcapacity forwork. &5 a feacher he was a good edumtionalst He demanded a ot of his fellow worke s,
bt most of all, of hims e . Systematcs and order wene gualtes thatcha@ctersed Per Sakshaug.
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Erling Brandsater {1921~1961), born in Haugs bygd. AfterReabriium (GCE, Natural Science curriculumy and D= irg
Coliege, he studied Dairy Science and Technokogy at the Agroufual Unkersty of Moreay, whene he gadwated in

19 51 with subsequentemployment a5 Research Assieant, first atDaiy Instiute’s Section o ritaing Chemdéetny and
Bactenckgy, and then from 1952 at the Section for D2ing Technolsgy. Atthe same time, Erkng Brands = received a
scholarship from Morsegian &gricubural Scenwlc Reseanch Council to study at lowa S@te Univesity. He studies wene
compkied thene in 19 55with a Doctoral Degee @sed on a study of potecktc eneyme s ems in different bo
acid mctena. He was then emgbyed as Research Mamagerat Daiy Istiute's Secton for Daiy Technobgy, a positon
hie helll untd his untimelly death in 1961. In this positicn, he made great comnbutions both & 3 scientst and eacher.
Brandsaterwas pariicubrly inenested in cheesemaking fec hnology. He planned the work with the sekction of the
o picnic acid cuhure that s wed in today's Brkberg cheese, and acthely paticipated in the project forthe cheese
expenment that wen conducted.

Torle il Kora i, bom in ¥ongs berg 1925, Reabitivm jGCE MaturlSoence ourniculum) 1945, Daing College 1950with
dairy practice frosm K ongs e ng kel dorsy ning., Oppdal and Samsbong Caines. Bmployed by 5vastad Caiy 1951,
Research Assktantat Dairy Institute s Section for Daiy Technology 1954=1958. &s Comsu kant at Morsegan Daines "
Salles Assic @tion formany years and Gowernment Co reultant 1964=1965, Eonald actkely participated in the stanup
and dewelbpment of poduction of Grkbergcheese atkorsegian Caines. Marager of Oppdal Dairg, 197/8=-1992.

K prstine Lysa, born in Oppdal 1925, Buated at Bl diet Daing College 1950, Dairgmaid at Oppdal Doy 1950=-1954.
Calirgma i with Whoratory esporsibility 3t Tansheng Dainy 1954=1955. Employed at Dainy Instbute s Section for Dy
Tec hnology with resporsibilites that included maintemance and timely and weeldy d s paich of the culbure for

Jark g chieese i all the dairkes producing the cheese in the peniod 1956-1991.

Arre HenrikStend , born in Trcsndibe im 1927, Reallrtium GCE, Matura lScence Curncwlumg, To rdbe im Cathedal
Schhiood 1946, Daiy College 1951, with practce from VerdalDaing and Gawsdal Chises e Factony . Employed 3t Gaasdal
Oheese Faciory 1952, Gradwated in D iny Soenc e and Tec hnology at the AgriculturalLinbersity of Momay 1955
Research Assistantat Dainy Ins titute s Section for Dairg Tec hnology 19551963 Reseach Manager atthe same phce
1963=1972. Profes sorof Daiy Technology 1972=1993.

Gudimuind Syrri t, born in Hedrum 1953, Baam & tium | GO 1943, Dairy College 1948, Gadwied in Doy 5ene and
Technodogy at the Agrioulbu lUn ersiy of Morsay 1952, cand. oecon (Masterof Eoonomy) Uinvesity of Oslo 1955
Research scholarships from Mo rsegian Agricultura i Scientific Researc h Council 19565=196.2 with studies in the LS4,
fssstant Professorat Agricultural Unkersity of Morsay 196 3. Pofessor of Dairg Economies 1966-1990.

¥je IS te insholt, born in Hedm 193, Rea@rium 46 CE, katural Scence curnculumg, Lardk 1943, Dairy Colkge 1952,
Cairy 5 enoe and Technology atthe Agricu bural Unkersity of Morsay 1955, M5 at Unkes iy of Wisoorsin 1959 and
Lic. Agnc.at the Agrculbural University of Morsay 1960, Reseaxh &5 6 @nt at Dainy rstituie s Section orDaing
Chemi try 1955-1954, Unkersity College Research Fellow 19538-1960. Employed as Cors ulant in Morsie

klommida brildors Lands forbund 1960=-1961. Thereafteramplsed at the Daing Institute’s Section for Daing Tec hnokogy
until 1966 . Fiofessor of Food Technology 198.2=1956..
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AHSswensen, born in Tune, 1930, Realrtium|GCE, Matual Soienoe cunic ulumy 19489 Appentoe at &5 Bormegs ol 19449=
14950, Diphosma Engineer in Shematry from Technic | Unkersity in Gz, ustria . Employed atthe Dairy Istiute’s
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Development of Jarlsberg Cheese Technology

i l
ok

when nesults fromthe semdtechnical poduction developed the cheese malking
it 5 led up o 000 lod milic
Heire the watof 4000 lin the Research Daing.

The starting point

In the autumn of 1955, dairy sclence student Per
Sakshaug (later Manager of Jaeren Dairy and
Headmaster of lazren Dairy College), under the
supervision of Professor ¥stgaard, conducted
cheesemaking experiments for his Masters Thesls,
"Addition of propionibacteria cultureto cheese milk”,
atthe Ag ricultural University of Morway (32).
Irteresting results were obtained, and a good-quality
cheese was produced using the Research Dairy's
cheese vats, Interest was awakened to further the
development of 3 Gouda with large eyes, From that
point on, the development of a Gouda with larg e eyes
resulting from propionibacteria metabolism was led by ProfessorYatgaard, and itwasthis work
that eventually led to today’s Jarlsherg cheese,

In addition to the effect on eyve production, it was also expected that the addition of a pure

culture of Pro pio nibacte rivm freude nreichii subsp, shermaniiwould add an interestirg taste to
the cheese

Asthework progressed, Professor Ystgaard felt & was important to retain the Gouda
techrology. This meant, for example, that only mixed cultures of so-called mesophiliclactic acid
bacteria were used in addition to the propionib acteria.

These lactic acid bacteria are called mesophilic because their optimal growth temperature is
around 30°C. It was decided that the cheese cooking temperature, that is the highest
temperature to which the cheese mass and whey s heated inthe vat, wasto be the sameas
the relatively low temperature used for Gouda, This low temper ature does not inhibit the
resaphilic lactic culture and s metabolism of lactose and citric acid in the milk. In other
words, the necessary good growth of the starter bacteria should be guaranteed by

usirg these conditions,

Inthe followirg description of the development of the cheese technology, we will limit
ourselvesto some of the research projects and Masters research work conducted atthe Dairy
Institute from 195 6to 19 65, theyear when Professor Ystg aard concluded that the cheese was
fully developed as a new cheese type. Our description, therefore, builds largely on work

published from the Institute during the development period or submitted as M5c theses at the
Agricultural Unlversity.
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Later, several Masters Theses and other research reportswere also written about Jarlsberg
cheese or about the propionibacteria culture, but only a few of these will be mentioned.

The First Cheesemarxing Experiments That Led To A New Cheese

From about 1910, the mos important cheese produced in Morw ay was the so-called larg e-eyved
Gouda. Beforethat, a variant with very small eves had been produced. How ever, for several
vears leading up to 1955, achieving sufficient numbers of large eyes inthe cheese became an
increasing problem.

Ir his M asters research, Sakshaug began with the by pothesisthat inthe original Morwegian
Gouda cheese, propionibacteria were probably an important aid to achieving satisfactory eye
formation. Propionibacteria are principally gut bacteria and would therefore be a part of the
rarmal flora of the milking parlor. Sakshaug speculated that because parlor and milking hygiens
had improved, the incidence of propionibacteria had been reduced. Thesa factors, combined
with pasteurzation of the cheese milk, could have resulted in minimal amounts of
propionibacteria inthe cheese milk.

Evie formation and appeaance of the cutsudace of the fist eamglks of Gowla cheese made from milkadded
prcip o nibmctera in addition to e lmesophilic Botic culbure B3 .

The formation of very large eyesin Emmentalty pe cheese is primarily due to
propionibacteria which form large amourts of carbon dioxide (CO2) by

metabolizing the lactic acid that has been formed from lactose inthe milk by
thelactic acid starter bacteria in the cheese,

Propionibacteria metabolize the salt of lactic acid {lactate) to propionic acid,
acetic acid and CO2, Saksha wg's hypothesis wa s that the eye formation in
Gouwda would be improved and more like that incheese produced earfier ifa
pure culture of propionibacterio was added to the cheese milk following
pastewrization. & review of the literature showed that mary research g roups had previously
studied the effect of addirg propionibacteria to Emmental cheese milk. However, no reports
could befound referrirg to the addition of propionibacteriato pasteuried cheese milk for
Gouda production using the technology that was common in Norwegian dairies, Researchers at
lowa State College (4) had reported the development of a cheese they called lowa Swiss.

The technology used for this cheese was similar to that used for Gouda, but zome of the
research used a cooking temperature of 41.1°C, which is too high for Gouda.

Sakshaug’'s M5cresearch project comprised 24 cheese vats, each with 400 liters of milk. The
same cheesemaking technology was used for all vats Sixteen round cheeseswere made from
eachvat, each weighirg 2.5 kg. To detailthe cheesemakirg technology used would take too
lorg, but it is important to mention that an ordinary mixed mesophilic culture of lactic acid
bacteria was used, the same asis usad for butter and cheese production in Morway. The
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cookirg temperature was37°C. The experimental setup irvoled the addition of a strain of
Pro pio nibacterivum frewdenreichii subsp. shermanii at three different levels to three cheese
vats containing 1% of the mesophilic lactic culture.

I afourth vat, only thelactic culture was added. The cheeseswere made onthe same day and
the same milk was used in each of the four vats, This experimeant was repeated six times during
the period September 4 to October 3, 1955, The strain of Propionibacterium fre ude nreic hii
subsp, shermani originally came from lowa State Unlversity, Professor Ystgaard had developed
agood collaboration with Dr. F.E. Melson following a study trip to lowa State, Melson gave the
cultureto Professor ¥stgaard, and it was later found to be crucial for larlsberg’s special
properties,

Controlling the fat comtent of cheese milkwith Gerber amakses.

After pressirg, the cheeses rested inthe moulds overnight. Half of the
cheeses (&) werethen placed in 20% brine at 8-12°C and salted for two
days. The remaining eig bt were left inthe molds for an additional two
days and were then transferred to the brine and salted for two day s

The cheeses from each of the 24 vatswere divided between three

.~ warm Ripening Rooms (16°-, 19°- and 22°C, respectively), and were
cortinually assessed such thatthey could betransferred to cold
dorage assoon asthey wereready. The number of necessary daysin
the Ripenirg Roomvaried from 12 to 26. After three months of cold
storage, the cheeses were analyzed and org anoleptically assessed. Examples of eye formation
and the general appearance of the chesses made during Sakshaug's first cheesem aking series
are shown in Figure 1,

Sakshaug emphaszed that his research material was too small to draw general conclusions
concerning the effect of adding the propionibacteria culture on eye formation, but he poirted
out some tendencies inthe results:

# The cortrol cheese showed good ey eformation.

The produced Gouda was not without eyes, such aswas often the problem in Morwegian dairies
atthattime, The results of the sensory assessment gave reason to maintain that the addition of
Pro pio nibacterivm frewdenreichii subsp, shermaniito the cheese milk made a slight
improvement inthe quality of the experimental cheese,

* Cheeseswith the lowest and medium levels of propionibacteria generally tasted better
than the control cheese, The addition of this culture had an clear effect on the concertrations
of wolatile organic acids inthe mature cheese but no measurable influence on the protein
breakdown inthe cheese, Volatile organic acids are considered important for cheese flavor,
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# Thevariation intemperatureinthe Ripenirng Roomswithinthe rarg e used in this research did

not have a marked effect onthegeneral quality of the cheese, although it wasfeltthatthe
tewture and taste were better in cheesesthat had been stored at 19°C.

e . Checking the popionk cultue inthe Microscope was camied out as
o utine work.

o rk; ¥l "" T:""-':'“ ':'"li" o -\!."-2'-'-\'.' terium L n.".:n.."'-':'“

Everi thoug h Sakshaug’s research could only show
tendencies, the staff at the Dairy Institute was determined
to continue studying the addition of proplonibacteria to
Gouda cheeseingreater depth. Thus a more extensive
resear ch project was initiated, focused on developing the
cheesemaking techrology in order to produce a "new”
cheese type.

BiLf iy bl &
e R 1‘ =iF !i’ !
- ji-l r_n..hl Typkal appearance of Proponke @oera as sean inmeosoope at 1000 times
% - T - | magniiation and with phase cont@st.
-n ‘ =‘h N ":. -- |
=y A - W At the same time asthe technology was beirg developed, it
= ey, wasalao important to look into the best conditions for
- SN, g r maintaining the propionibacteria culture Sakshaug had used.
- J oS ne T ® It was assumed that this particular culturewas responsible
< Py "l [ | forthegood eye formation and the individual taste inthe
oy I ,"'\ T T ? ex perimental cheeses. Research was begun to optimize the
e N oo % routines for culture production inthevolumes that would
'-':'-' w v ‘:3':'.! bernecessary for both the research cheese development and
.12 =

also potentially in commercial production. In-depth studies
of the microorg anism, including growth conditions and

i 4 - morphology, were conducted, However, thiswork was not
published as h:was. sdmply regarded aslaboratory work aimed at achieving the necessary
greatest possible stability in the full-scale cheesemaking. The laboratory data from this work is
not available today, but Professor Strand, one of the authors
’ of this book, participated actively inthis work.
Y Left, fssockie Professor Erking Band sater in professiona | comsmunic ation sith Chemicl
3 El'lg:ll'l'.'l'.'r".'ll'l:l'.'m Alate.

Thework waslargely organized and led by associate
profeszor in Dairy Technology, Erling Brandsaeter. In order to
select robust variants of the strain, Brandsaeter cultivated

i [ J thestrain onvarious agar substr ates and sy stematically
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selected the larg est coloniesthat developed. Thiswork resulted inthe selection of a culture
that was more salt-tolerant than the original culture. The modified culture so obtained is the
same as isused intoday’s production, and is not particularly inhibited by the salt
concertrations found in cheese, This selection strategy, aimed at increasing salt tolerance, was
necessary to produce a culture of propionibacteria suitable for adding to a Gouda-type cheese,

Propionibacteria aremicroaerophilic and thereforethrive in an atmospher e with less oxyg en
than i air. For cultivation of the culture, it wastherefore necessary to establish an

e ironment that was as anaerobic as possible. In addition to the usualwork of plating out on
ordinary Petri dishes various methods were introduced to the Dairy Institute by visiting
Reszarcher Dr. Georg Reinbold from lowa State University.

- —mp

The old dainy atthe Agrioubural Linkersity of Morsay from 1900. The
o old dairy & novw a e irg Mseum The oof of the new D=y Iestb e

ard Research Caing in font The piciure & @ken around 1953,

It was also important to investigate whether
other grains of propionibacteria could
produce

cheese with the same characteristics, While
visiting the Institute, Dr. Reinbold collabor ated
in cheesemaking experiments using another
strain of propionibacteria from America. This

rew
culture had a comparatively weak CO2 production. However, the resultswere not promising
asthe cheese produced using this culture had an atypical taste.

A number of strains of propionibacteria had been isolated inthe Dairy Institute’s Section

for Chemistry, Bacteriology and M arket Milk Technology . Arne Henrik 5trand conducted single
cheesemaking experiments using ten of these isolates, but none of them resulted in a cheese
with a desirabletypical tagte and eyeformation. It wastherefore decided that the developrment
research should continue using the strain Sakshaug had used in his M5c resear ch, but a more
salt-tolerart variant was selected. This propionibacteria culturewas maintained at the
Institute’s laboratories for many years and propagated for use in commercial cheesemaking.
The Research Dairy at the Instit ute functioned as a "control dairy” for the culture up until the
19905 because one vat of Jarlsberg cheese (4,000 liters of milk) was produced daily inthe dairy.
This cheese production was closely followed, particularly regarding the propionibacteria
culture's function and properties, and inthisway acted as a gquality assurance for Jarlsberg
cheese production inthe whole of Morway. The Institute continued with these "contral
productions” urtil June 199 3, by which tirme TINE had taken over responsibility for production
of the culture and the production of Jarlsberg cheeseinthe Research Dairy wastherefore
deermed no longer necessary.
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Studies Of The Technological Factors Important For The Quality Of farlsberg
Cheese

Durirg thetenyearsYstgaard considered wasthe period ittook to develop Jarlsberg cheese as
a specific cheesetype, a series of cheesemaking experiments were conducted. Mot all of these
were recorded with publication in mind, but laboratory records are available from at least gght
experiments that took place between the autumn of 1957 and June 1958, Thisresearch almed
at discovering the optimurm cheesemaking technology for larlsberg cheese, The experiments
included the addition of salt and nitrate to the cheese milk, stirrirg and heating (cooking) of the
cheese inthe vat, various storage and ripening temperatures and the use of intermediate and
refrigerated storage of the cheese before waxing. In addition, this topic was studied in several
m5c research theses and other ressarch projects, 5ome of the se will be described in later
chapters

It gradually becarme obvious that it would be strategically urwise to publish too much of

the work on the development of this new cheese type. Too many technological details would
be made available, and it would be intheinterests of the Morwegian dairy industry to keep
these details secret from possible competition. For this reason, only some examples of how the
pure developrmerntal research was conducted will be described here and only published reports
will be cited. First, a short introduction to the planning of the various experimerts that
comprised the actual developmental research of Jarlsberg cheese is neaded.

b | Iy ' kT .1
The Design Of The Experiments

The research experimentsthat were conducted to establish the optimum cheesemaking
techrnology for larlsberg cheesetook place at a time when experimental design, statistical data
treatment and, not least, the technical equipment for doirng the calculations were just
developing. OF course, the statistical theories were established much earlier, and some of these
theorieswerein facttreated as "Top Secret” by the Americans during World War Il During the
19505, however, several good statistical textbookswere published that made statistics
accessble to researchers who did not have much of a mathematical background. Books

such as Experimental design. Theory and application by Federer [10), Statistical Methods by
sSnedecor (36) and Experime ntal Design by Cochiran and Cox [9) were examples of statistical
textbooksthat opened up this field, These bookswere used as reference booksfor planning the
research atthe Dairy Institute in the 19505 and 19605,

At the Agricuttural University of Norway, two peoplewho were particularly imvohed in

the developmernt of statistical mathematics and experimerntal design were Professors Per
Ottestad and @yvind Missen. Ottestad was Professor of Mathematics and was particularly
concerned that experimerntal data be treated in away thatwas as mathematically correct as
possible, Professor Missen, who was Professor of Horticulture, was perhaps more practically
orientated than Ottestad. His modification of certain statistical methods resulted in new
statistical programs, including the internationally known FOB-pro and M-stat, Both
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Ottestad and Missen made valuable contributionsto the design of the relatively large
cheesemaking experimernts atthe Dairy Institute,

At the sametime as statistical and experimental design methods were beirg developed, there
was an enormous development inthetechnology for performing the necessary calculations and
large amourts of data could now be analyzed relatively quickly. The advance wasfirst
mechanical, asmore advanced manual calculatorswere developed, and later data could be
analyzed electronically. During this period, a program for variance analysis waswritten in
Fortran I at the Dairy Institute, The program was designed for the enormous card-punch
machine used by Professor of Animal Husbandry, Harald Skjervold. Using this program and the
available calculator equipmert, itwas possible to considerably shorten the length of time
necessary to calculate the sum of squares for up to fivevariables. & number of the
cheesemaking experiments that were conducted in thefirst half of the 1960 were designed to
stucly the effect of several cheesemaking factors onthe quality of cheese with ey es,

All of these experiments used the same design concepts and were based on the new expertize
in experimeantal design and data analysis of multivariate experiments at the Agricultural
University of Morway and the Dairy Institute, Thework is published as reports from the Dairy
Institute; Four of the reports concern the makirg of Gouda-type cheese, and one describesthe
technology of making Swiss-type cheese from pasteurized milk.

It quickly became obvious that the quality of larlsberg cheesa was dependernt on how well the
metabolism of the propionibacteria culturewas controlled during the cheese ripening. ltwas
thereforeimportantto gain an understanding of how this could be regulated by technological
factors durirng cheesemaking. Propionibacteria aresensitiveto both salt and acid, and thus
reg ulation of the salt, water and acidity levels inthe cheese would optimizethe desired
propionic acid metabaolism. In a large cheesemaking experiment, the effect of the following
factors on propionic acid fermentation, and thereby cheese guality, were studied: dilution

of whey with water calculated as a percertage of the cheese milk volume; addition of salt to
whey calculated ing/100 liters of cheese milk; addition of nitrate to the cheese milk calculated
asg,/100 liters of cheese milk, Four levels of each of the three experimental variables weare
used, resulting in 64 combinations, The cheeseswere made in random order. Four cheeses
weighing about 10 kg were obtained from each vat containing 400 liters of milk. Thesewere
then brine salted for different lergths of time. The number of daysin brinewas

therefore a sub-plot factor, aterminology used in agricultural research (36).

Results from this research were published in a memorial volume for Professor Ystgaard based
on same of his writing s which were not published due to his untimely death. Two hundred
examples of the manuscript were prirted and sent to close colleagues and friends of Ystgaard.
In the followirg paragraph, a short summary of thework described in this manuscript will be
provided. It is however, important to usethis work to illustrate how the cheese was developed.
A morestatistically orientated publication of thiswork comprises a satistical analysis of 256
cheeses produced inthe factorial experiment outlined above (41).
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An example of the use of Analysis of Variance in this experiment is shown inTable 1. The
Table shows the effect of the experimental design factors on the scores given by four judges
when assessing the general quality of the cheese. Thetable showsthat the addition of nitrate,
whey dilution and brinirg time had a significant effect on the general quality of the cheese. It
can also been seen fromtheTable that there (s a signficant interaction between brining time
and whey dilution. This means that the effect that brining tirme had on the score for general
quality given by the judges was dependent on the degree of whey dilution during
cheesemaking.

Inthe statistical data analysis, Mean Squares of the three and four factors interactions were
used as an estimate for the error variance. Further, significant effects were divided irto linear,
quadratic and cubic componentswhich werethen tested for significance. However, because so
rmany F-values were calculated using the same estimate for error variance, Cttestad's method
for correction of F-valueswas used, The statistical analysis of the data also included regression
analysis where all effects significant at a 5% level were included as explanatory variables, This
relatively extensive use of mathematical statistics for the analysis of experimental data made it
possibleto optimize the production technology of Jarlsberg cheese in a rational way. The
method also made it possible to understand how the experimerntal factors affected the cheese
quality in away not previously possible in cheese research.

Some Results From The Cheesemarxing Experiments

The cheesermaking experiments described abovewere conducted in 1961 and comprised &4
cheese vats and the analysis of 256 cheesestherefrom. The main experimental design factors
were: the level of addition of nitrate to the whey, dilution of whey and the level of salt added to
the whey. Brining timewas a "sub-plot” factor. All of the factors were varied at four levels

The resultsthat provided the basisfor the statistical analyseswere from the following analy ses:

1. Analysis of whey and fresh cheese
* “SH inwhey (titratable acidity )

# oH infresh cheese

# kg fresh cheese per 100 | milk

2. Analysis of mature cheese

* Cheese pH

* % zalt in the cheese

# % salt in cheese moisture

# Soluble nitrogen, as % of total nitrogen

* Armino nitrogen, as % of total nitrog en

# Total concertration of valatile organic acids (ml 0.1 M/200 g cheese)
# Acetic acid content (ml0.1 M/ 2002 chease)

# Propionic acid content [l 0.1 N/ 200 g cheesa)
* Cheese diameter {cm)

* SeRsory assessment

# General quality (scale 1-15)
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# Eve formation (scale 1-15)

# Mumber of eyes(scale 1-5)

* Sizeof eyes (scale 1-5)

#* Cracks(scale 1-5)

* Consistency (scale 1-15)

# Taste and aroma (scale 1-15)

The criteria assessed by sensory evaluation could be explained by the design variables and the
various analyses performed. Some of the analysis results are described below to show how
results from this kind of work can provide information on the quality characteristics of cheese
and thereby be used to optimize the cheesemakirg technology.

Titratable acidity, expressed as®5H, was measured inthe whey atthe end of cheesamaking
and proved to be crucial for cheese properties such as consistency, eve formation, taste, aroma
and general quality. H owever, the pH inthefresh cheese did not provide a satisfactory
explanation of the variation inthe quality of cheese from the different cheesemakings. These
results showed that "5H was moreimportant than pH as a parameter for predicting mature
cheese quality.

Collecting the cheese mass ina pressing vat bedone mo ulding.
Elreswagen Dairg.

Experimental Design Factors

The experimental design comprised the production of cheese without the addition of nitrate
and with nitr ate added at three levels, Addition of nitrateis a well-known technical aid in
cheesemaking to avoid butyric acid fermentation. Butyric acid fermentation in cheeseis due to
the growth of spore-forming bacteria inthe genus Jostridium, so-called butyric acid bacteria,
and the species Clostridivm tyrobutyricdm isthe most common in cheese, Growth of such
bacteria in cheese can render it totally inedible, mainly because large amounts of butyric acid
are formed. In addition, so much hydrogen s produced that the cheese structureis destroyed.
Unlike CO2, hydrogen is not soluble inthe cheese moisture and large holes and cracks are
produced inthe cheeasea,

The effect of adding nitrate to the cheesa milk was dependert onthe presence of butyric acid
bacteria inthemilk and the potential forthem to develop inthe cheese, Dilution of thew hey

durirg cheesemaking was another experimental factor, Whey dilution is usad to reduce the
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amount of lactose inthe cheese curd at the end of cheesemaking. Thisisdone by draining off a
specific amount of whey after cutting and stirring. Water is then added, usually about thesame
asthe amount of whey removed.

Lactose is the source of lactic acid production by lactic acid bacteria added as a sarter culture,
Reduction of the lactose cortert by dilution of thewhey is thus away to regulate cheese
acidity, measured aspH. The acidity of thefresh cheeseis important forthe development

of cheese quality parameters such as taste and consistency. The microbiological and
biochemical processesthat occur during cheeseripening give the cheese its flavor, consistency
and eyes (inthose cheeses that are meant to have eyes).

These processes are strorgly affected by the pH of the fresh cheese, Dilution of the whey asa
rmethod to reg ulate the content of lactose and thereby lactic acid inthe cheesewasfird usad in
Morway in the 1930s, Before that, the cheese was prevented from becoming too acidic by
employing a higher cooking temperature inthe cheesevat, thereby limiting the amourts of
whey and thus lactosethat were retained inthe cheese curd. This process produced a hard
cheese with relatively high dry matter cortent. Emment al cheeseis atypical example of cheese
that are produced usirg a high cooking temperature at the end of the sirring period to expel
more whey from each individual chegse curd cube. The ability of the cheese curd to wit hhol d
whey or its potertial to cortract and expel whey (s dependent on temperature, Raising the
cooking temperature results in less whey inthe cheese curd and thisgives a harder cheese,

The addition of water to the cheese whey allows for regulation of the cheese acidity without
sirmultaneously changing the level of moisture in the cheese, Using such technology, a cheesa
with lower dry matter and a softer consistency s produced without the cheese becoming too
acidic. Im an acidic cheese, microbiological and biochemical metabolism of lactose, fat and
protein proceeds at a much slower rate and can even be totally inhibited, These metabolic
processes are essential for development of the characteristic properties of the cheese. In
Jarlsberg cheese, the metabolic conversion of lactic acid to Propionic acid, acetic acid and CO2
by an added culture of propionibacteria is very important. In 1969, ¥stgaard published an article
from studies conducted at the Dairy Institute wherein ke showed the importance of the deg ree
of dilution of the cheesewhey on the quality of Small Swiss, Morwegian Gouda and Jarlsberg
cheeses (60],

The third experimental factor wasthe addition of salt to the cheese whey. The addition of

salt inthe early sages of cheesemaking affectsthe growth and metabolism of the lactic acid
starter culture, The growth and metabaolism of propionibacteria arenot only sensitiveto salt,
but also to acid. Salt addition to thewhey can therefore be expected to have an effect onthe
activity of these bacteria during cheesemakirg, in the fresh cheese and during ripening. Butyric
acid bacteria are considered to be relatively salt sensitive. In addition, although their veg etative
cells are destroyed by pasteurization, the spores are not affected. twasthereforeimportant to
establish the conditions during cheesemaking and in the fresh cheese that reduce the spores’
potertial for germination and development into veg etative cells, Although the spores arevery
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salt tolerant, their germination can be prevented by low salt concentrations. The addition of
salt at an early stage in cheesemaking, for example to the whey, can therefore help control the
growth and activity of butyric acid bacteria inthe cheese,

The addition of salt to the whey can affect the production of lactic acid by the starter
culture, This will affect the pH inthe cheese mass (casein) and its ability to swell and bind
wiater, Low levels of salt both stimulate the growth of lactic acid bacteria and increase
water binding inthe cheese curd and swelling of casein. Conversely, greater concentrations
of salt will inhibit the lactic starter and reduce water bindirg and swelling of casein. Brine
salting is usually used for sembhard and hard rennet cheeses such as larlsberg cheese, After
pressirg, the cheese istransferred to brinethat is almost saturated with salt, usually 20%, at
about 10 °C. Brinirg time, however, varies according to cheese type and especially to the
sze of cheese. Large cheeses need a long er salting time in order to achieve the necessary
fimal concertration of zalt in cheese molsture.

Inthe cheesemaking experimerts described here, brining timeis statistically considered
a “sub-plot”, Cheeses were removed from the brine at different times, following the ame
pattern for all cheese experimerts,

The Effect Of Nitrate Addition To The Cheese Miix

Inthese cheesemaking experiments, butyric acid fermentation proved not to be a great
problem. Among all the cheeses produced, only two were judged to be swollen, an indication of
butyric acid fermerntation. In both cases, this occurred in cheese to which nitrate had not been
added.

In cheeseswhere nitrate had been added, a clear connection was seen between increasing
nitrate concertration and a reduction inthe amourt of volatile org anic acids formed inthe
cheese, The propionic acid fermentation was also clearly inhibited. The analysis of data showed
a statigically sgnificart interaction betweean the addition of nitrate and whey dilution. Thea
addition of nitrate inhibited propionic acid fermentation, but when the whey was diluted, the
concertration of nitrate inthewhey and the cheese was also reduced, A further effect of whey
dilution was an increase in cheese pH.

Whey dilution stimulated the growth of the propionibacteria to such an extent thatthe
inhibitory effect of nitrate became less evident. Interaction between nitrate addition and whey
dilution had no demonstrable effect onthe production of propionic and acetic acids by
propionibacteria, an important indication that this activity was proceeding normally. As a result,
cheese to which nitratewas added obtained a better scorefor general quality and eye
formation than cheese made without nitrate addition. The aroma and taste of the cheese

were superior, with intermediate levels of nitrate addition and whey dilution. The conclusion
was therefore that both too much and too little nitrate had a negative effect on the cheese
quality.

Inthe production of larlsberg cheese it is important to note that the effect of adding nitrate
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isonly evident if the milk used contains relatively larg e numbers of spore-forming butyric acid
bacteria.

The Effect Of Whey Dilution

As e:{p;écted, u:EIIIL.rtInr'; of the whey with water during cheesemaking gave a higher pH inthe fresh
cheese, Thisincrease was linear with respect to the dilution level and, infact, approximately
J0% of the variation of pH inthe fresh cheese could be explained by the effect of whey dilution.
The pH inthe mature cheesewas also significartly affected by whey dilution, but this
relationship was quadratic,

The difference between pH in fresh cheese and ripened cheesa increased with increasing

whey dilution. Analysis of protein breakdown inthe cheese durirg ripening show ed that whey
dilution had a significart effect on the ripenirg process. In thisty pe of study, it was usualto
follow cheese ripening by measuring the amount of so-called soluble nitrogen and amino
ritrogen. The amount of soluble nitrog en, expressed asa percentage of the total nitrog en in the
cheese, gives an indication of how much protein has been broken down to peptides, while the
amount of amino nitrogen shows how much protein has been completely broken down to
amino acids,

This study showed that the soluble fitrog en content increased with whey dilution. The results
also showed that the amino nitrog en levelswere similarly affected, except that this relationship
was linear, Proplonibacteria metabolize lactic acid to propionic acld, acetic acids and CO2. This
iz characteristicfor Jarlsberg cheese and Propionic acid wasthevolatile organic acid measured
ingreatest concentration. Certain lactic acid bacteria can also produce acetic acid from citrate
naturally present inthe milk. The amount of acetic acid in Jarlsberg cheese istherefore always
slig htly hig her than would be expected from just the Propionic metabolism of lactic acid. The
study showed that the concertrations of propionic acid and acetic acid increased quadratically
with whey dilution.

Thisisto be expected, since propionibacteria are sensitiveto acid and whey dilution isa useful
techrology to limit the acidity of the cheese. The study also showed that itwas possible to
achieve maximal propionic acid fermentation by combining a particular level of whey dilution
with a particular brinirg time,

Whey dilution significantly affected all of the sensory properties of the cheese, and the
consstency was best when moderate dilution was used, Too little dilution gave a hard and
crumbly cheese;

too high a dilution gave a rubbery cheese, The effect of whey dilution on the score for taste and
arorma inthe cheese followed similar trends on the whole, and the tendency to form crackswas
clearly reduced by increasing dilution levels,

The Effe ct Of Salt Addition To The Whey
The addition of salt to the cheese whey also had a significant effect on the results of the various
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analysesthat were conducted. As expected, the amount of salt in ripened cheese increased
with increasing addition of saltto the whey. However, this resulted in slower ripening as the
amount of soluble and amino nitrogen decreased linearly with increasing salt addition to the
whey, indicating a weaker protein breakdown, The production of Propionic and acetic acids was
also strongly reduced by the addition of salttothe whey, indicating that the propionic acid
fermentation was strorgly inhibited.

In cheeses with a low pH, kigh levels of zalt addition to the whey neg atively affected
consstency and flavor, but, f the cheesewasless acidic, the effect on taste was positive and
consstency was not affected. Asthe salt levelsinthe whey were increased, the graders noted
that the cheese more often had a short and hard consistency and sour taste, but that it was less
often bitter. The score for the general cheese quality did not seem to be affected by the
addition of salt to the whey.

The Effect O0f Brining Time

Maturally, the concentration of salk inthe cheese increased with a long er brining time. The rate
of salt uptake wasgreatest during the first hours inthe brine. Asthe salt concentration inthe
cheese increased, theincrease in pH during ripening was reduced and soluble and amino
nitrogen decreased.

A reduction in production of Propionic and acetic acidswas also observed, giving a clear
indication that salt inhibited biological activity inthe cheese during ripening. These
observations have a clear connection. If the propionic acid fermentation s inhibited
dueto increasing salt, then less lactic acid is metabolized.

Since both propionic and acetic acids thistype of cheese, and it was economically very
important for them thatthe cause be idertified and eliminated. For a period in 1958, all cheese
produced inthe Research Dairy had this defect, including all the experimertal productions of
larlsherg cheese, The defectwas noticeable only after awhile, and by the time the cheese was
two to three months old, twaswvery distinct, An odor developed that was reminiscent of cat
urine and was known in the trade as “catty flavor” [cf).

When the “cf defect” wasimvestigated, it was discovered that it had previously occurred in
other countries, Several cheesemakers related that the defect cropped up from time to time
and then disappeared just as abruptly asit had come. Mo one understood the cause of the
defect or which chemical componentswere responsible. Professor Johns from the Department
of Agriculture in Ontario, Canada visited the Institute inthe autumn of 1962, He evaluated the
"of cheese” and said thetaste was identical to a defect that had occurred in Canadian cheese,
Later, in a letter from the same institution in Canada, Professor Irvine corfirmed that the defect
had often affected Export Cheddar from 1959-19&0.,

In addition to studying the Jarlsberg cheese produced atthe Research Dairy, cheeseswith
the same characteristic flavor defect were submitted from other dairies. Documentation of the
incidence of the defect showed that, even within one day, a single dairy could produce cheese
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both with and without catty flavor. It was also registered that the taste was strorg est in the
outermost layver of the cheese, but that the odor varied. Thetexture and consistency of the
cheese were normal, but they noticed that cheesewith the of defect always had a darker yellow
color. In trying to understand catty flavor, there had alway s been a suspicion that sulfur
compounds could be irmalved. If sllver chloride was added to grated of cheese, the odor
disappeared, an indication that sulfur played a part inthistaste defect, Gas chromatog raphic
analysis of steam distillates showed that of cheese contained hig her concentrations of

valatile org anic acids than normal cheese, Maoreimportantly, the chromatograms from samples
of of cheese also showed alarge specfic peak thatwas barely visible in samples from noremal
cheese, indicating that a specific compound was responsible. The taste could also be removed
by wacuum distillation of thefatfrom of cheese,

A strain of Streptococcws foecalis subsp, fguefaciens and an unidertified yeast were Isolated
from several samples of of cheese, Both of these microorg anismswere then used in
cheesemaking experiments to testwhether they wer e responsible for the flavor defect.
Although these cheeseswere not of good quality, therewas no hint of catty flavor.

Some of the results from these studies indicated that the cause of the defect had nothirg to do
with the milk, milk handlirg or the actual cheesemaking, and that the defect probably did not
have a dairy-related cause. Studies on canned meat had showed that the compound mesityl
oxide could react with sulfur and form the compound 2-mer capto-2-methy l-pertane-4-one,
which gavethe meat a typical catty flavor. It was shown that mesityl oxide was present inthe
varnish ontheinsde of the cans (29). Research wasthen initiated atthe Dairy Institute

w herely mesity| oxide was added to the cheese milk, Meither the milk nor the fresh cheese had
a catty flavor, but after 14 days’ ripening, the distinctive flavor developed inthe cheese, An
addition to the cheesa milk of tiry amourts of mesityl oxide, aslow as0.1 ppm, resulted in
cheese that was easily identified by 100 dairy personnel who were used astasters.

At thattime, one particular dairy had problems with catty flavor inJarlsberg cheese, [t was
discovered that the dairy had recertly re-varnished the shelves in the Ripening Rooms and an
analysis of the varnish showed it to contain mesity | oxide.

The considerable incidence of the of defect in cheese from 1958 to the beginning of the 1960s
was later explained by traces of mesityl oxide inthe plastic of the rennet cont ainers. From then
on, it was recommended that there be no contact between the cheese and varnish, paint and
plastic materialsthat contained mesityl oxide =0 as to avoid the catty flavor defect inhard and
semihard cheeses, ikethe newly developed larlsberg cheese,

The Effect Of Copper On farlsberg Cheese

In Switzerland, Emmental cheese istraditionally made in copper vatswhile stainless steel vats
are used for cheesemakirg in other courtries. As with larlsberg cheese, growth of
propionibacteria isvery important forthe characteristic properties of Emmertal. Inthe sudies
of Jarlsberg cheesetechnology it was therefore of interest to imvestig atethe effect of copper on
the development of propionibacteria in cheese, Knowledz ewas needed about the effect of
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copper onthe corversion of lactic acid to propionic acid, acetic acid and carbon dioxide, and
whether copper inthe milk would have an effect on the cheese guality. Tronstad studied this in
his i 5c thesis at the Dairy Institute (53).

The problems associated with catty flavor weregenerally known at the time Tronstad's thesis
researchwas conducted, atthoug b the cause was not yet elucidated. It is worth noting that i
was suggested in an earlier sudy that the addition of copper to the cheese milk could possibly
block chermical transformations that could lead to off-tastes in cheese (40). German sudies had
shown that the addition of small amounts of copper to the cheese milk improved the quality of
Emmerntal because it prevented a flavor defect that was reminiscert of hydrogen sulphide (21
However, it was also possible that the addition of copper would neg atively affect the quality of
larlsberg cheese.

Tronstad's M5cthesis was not comprehensive enough to draw clear conclusions Mevertheless,
the results supported what was already known about the significance of copper for the quality
of cheeses produced using propionic acid fermertation. Low concentrations of copper inthe
chieese milk, such as 2.3 and 8 ppm, did not have a neg ative effect on quality. When higher
concertrations were added, the cheese showed no eye formation after three morths’ ripenirg,
but it was satisfactory after 4.5 months, Atinge of blue color was registered in the outer layers
of the cheese, The conclusion to thiswork wasthat copper most likely retarded the
microbiological and biochemical charg esin the milk such that the ripening was somewhat
delayed. Mo connection was found between the addition of copper and catty flavaor,

Eariy Brining

The berlnd fnlimulng 1960 saw greattechnological advances in molding and pressing
equipment for cheese, Thesewould save both time and work, but would require adjustments
tothe pressing and salting technologies, Dueto the need for relatively large imvestmert in the
new expensive pressing equipment, it was important to discover whether the pressing time
could be shortened and the cheesa quickly transfer red from the press to the brine. Studies
were conducted atthe Dairy Instituteto find out whether, and if so, how, early brining of
Jarlsherg cheese would affect the lactic fer mentation in the cheese and it' s final quality.

In 1963, imestigationswere made into how variations in pressing time and in the time between
pressing and transfer irto the brine affected lactose metabolism in the cheese (7). Four cheeses
from each of 11 cheesemakings weretreated in different ways and then later studied for
sensory quality and a series of chemical parameters, Two of the cheeseswere pressed in a
standard steel mold lined with cheesecloth and pressed at 2.5.10 5 Pa pressure for three hours.

One of these cheeses was placed in 20% brine immediately after pressing and the other was
rested inthe mold for 24 hours before transfer to the brine. Thetwo remaining cheeses were
pressed inthe then recently developed Perfora cheese molds (moldswith a strorgly perforated
surface) at 1.5.10 5 Pa pressure for half an hour, Aswith the others, one of thesewas brined
immediately after pressirg and the other ore was brined after 24 hours
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The experiment showed that lactose was not present in any of the cheeseswhen brining was
complete, eventhough the levels of lactose inthe cheeses had varied at the time of brining. At
no tirme during breakdown of lactose was it possible to show the presence of glucose,
confirming earlier work in Sweden (35), It was therefore possible to concludethat a
spontaneous metabolism of glucose also takes place in Jarlsberg cheese, following cleavage of
lactose, Mo differences could be perceived inthe quality of the cheeses that were pressed in
differ ent ways and kept for different times before brining.

I a continuation of this work atthe Dairy Institute, a pressing time of three hours for cheese
in geeal moldswith cheesecloth and 30 minutesfor cheese inPerfora cheese molds was used,
Az before, some cheeseswere brined immediately after pressing and others were brined 15-16
hours after pressing. At the Research Dairy, such a resting period following pressirg in steel
moldswasthe standard treatment for Jarlsberg cheese, and these cheeses were therefore
regarded as controls inthe experiment (48], Thetexture of cheese that was brined immediately
following pressing was significartly poorer if the saltirg timewas aslong asfor the control
cheese, However, if the salting time was reduced, the quality of the cheese im proved.

The average salt concentration in ripened cheese showed that early brinirg led to agreater
uptake of salt compared to cheeses that had been brined |ater provided the same brining
duration was used. Cheese pressed in Perfora molds and brined immediately after pressing
attained the highes salt contert brinirg time was held constant.

This showed that itwas important to reduce the brining time if the cheese wasto be brined
immediately after pressing. It was sugg ested that for Jarlsberg cheese, a reduction of 24-hours’
brining tirme was suitable.

Bactofugation 0f Cheese Milk

Azmertioned inthe section "The effect of nitrate addition to the cheese milk” page &3, one of
the challerg eswith the production of cheeses like Jarlsberg cheese s to prevent the
developmert of perimert, however, only 73°C was used. Inthe praiminary experiments,
bactofug ed cheese milk both with and without added nitrat ewas used. It wasfound, however,
that chieese from bactofug ed milk with added nitrate ripened too dowly, so this combination
was not used inthe main experiment, The control cheesewas produced accordirg to the
larlsherg cheese techrnology thatwas normally employed inthe Reszarch Dairy. Thesa studies
provided marny irteresting practical resultsthat were of use for production of Jarlsberg cheese
from bactofug ed cheese milk. It was demonstrated that pasteurization and bactofug ation at
73°C reduced the number of bacteria by owver 99% and that the number of anaerobic spore-
formersinthe bactofuged cheese milk was very low, usually under one bacterium per ml milk.
The milk loss from the bactofug e varied between 1.7 and 2.4% of the amount of milk treated,
which was unacceptably high. Further development of the bactofug etechnigue therefore
included sterilization of the lost material so it could be returned to the cheese milk.

It was also discovered that bactofugation reduced the protein content in milk by about 0.2%,
which resulted in a lower cheese yvield, Bactofugation produced a cheese with fewer ey es
Despite this, however, sensory assessment of the g eneral gquality could not distimguish between
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the experimental and the control cheese, The conclusion wastherefore that it was possible to
make Jarlsberg cheesewithout the addition of nitrate to the cheese milk, provided
bactofug ation was used.

LIRS Y |

Chroma togramof votatile bydo @rbonic acids inJakberg cheese |50

Taste And Flavar Compounds In Jarisberg Cheese

Various chemical analy ses were important research tools at the Dairy Ingitute, When the
work on the development of Jarlsberg cheese beg an, it was essertialto be able to analyze
the contert of various compounds responsible for taste and flavor in both mature cheese and
atvarious stages of ripening. Researcher Alf Svensen held a key position in the work with

the chemical analyses Animportant part of some of thiswork was analysis of the cheese by
gas chromatography (50 ). The Institute owned one of the best gas chromatographs available
atthe tirme, but it soon became apparentthat more advanced sudies of flavor compounds in
dairy products and cheese required access to mass spectrometry. [twas difficult to progress
quickly inthe idertification of all the chemical compounds that formed different peaks onthe
gas chromatograms unlessgas chromatography was combined with mass spectrometry.

Urfortunately, this equipment was not made available for research at the Dairy Institute,

Figure 2 isan example of a chromatogram from a gas chromatographic analysis of Jarlsherg
cheese, The Figure showsthe characteristic large peaks of propionic acid and acetic acid for med
from lactic acid by proplonibacteria. Lactic acid is produced by the lactic acid bacteria starter
culture used to acidify the milk and to give the cheese its high cortert of bacteriathat are =o
important for the cheese-ripening process.

Scanning farisberg Cheese With Computer Tomography

In the years followirg the end of the developmerntal period for Jarlsherg cheesa, resear chers
and M5c students at the Dairy Institute conducted a series of sudies on Jarlsberg cheese and
propionibacteria. It s not possible to go irto the detalls of all these studies, but one particular
work must be mertioned because it representsthe completely novel use of a new analy sis
methodology for cheese research (46).

Cheese researchers have always wanted to study eve formation in cheese without
damagzing the cheess by cuttirg or puncturing. & so-called non-destructive method for
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studying cheese eve formation hastherefore been needed. The Departement of Animal
Husbandry at the Agricultural University had a computer
n- 2t e T30-3 tomog raph that they used to study
the composition of animal bodies in vivo, The researchers
“-ﬂ g atthe Dairy Institute were interested

" to seewhether this instrument could be used to study
eve formation in cheese with out

““m damaging it.
ﬂﬂ Sampling a cheese durirg ripenirg, particularly cheese

with rind, can have urfortunate
consequences. First of all, there is a risk of mold infection
nl- ot 3573 atthe poirt of cuttirg, and

such an irfection will irfluence the chemical conversions
durirg the further ripening of the
cheese, Second, puncturing the rind causes a charnge in
the balance of gas pressure inthe
cheese and probably an increase of the redox potertial.
Such a cheese would therefore not
behave normally durirg further ripening. Itis possible to
sample other cheeses from the
sarme production, but there is no way to be certain
whether these areidentical in all respects
tothe cheese first sampled. Also, such an experiment s
extremely expensive when so many cheeses have to be
sampled. In some cases, the number of cheeses available
for analysis from each production becomes a limiting
factor for the size of the experiment.

Fig3 - Fhotos fromthe scnning of thee Jakbeng cheeses by means of oomputern
tomogra plvy . The photos shove the developmentof eyes in the cheese duning storage
in the weanmrocsme. Thie grajph shoves the fomgemiue and time forscanning

diuring the siorage of the cheese inthe wanm o mjEe)

In 1983, 12 cheese productions on differert weekdays were selected, Cheesesfrom four
differert positions inthe cheese prepressng vat were scanned, and the development of eyes
was followed in exactly the same place intwo cheeses from each production. For each cheese,
Sl to seven scans were made at different times following production: oncein the fresh cheese
after brinirg, threetimes during theWarm Room period, when the eyes are formed, once
immediately after transfer of the cheese to the refrigerated Ripening Room, and one or two
scans after the cheesewas exposed to temper ature stress after 13 weeks Computer
tomography proved to be very useful because it successfully showed eyeformation asthe gas
was produced in cheese and could thus be used to study the factors affecting eye formation.
Fizure 3 showsthat itwas possible to demonstrate that thegreatest gas production took place
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inthe second week inthe Warm Room. In Figure 4, the development of eyes can be seen on
the cut surface of five cheeses during 13 weeks following production.
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A Unique Cheese Type

Conirolling e cheese surface., B negnlgen 2000,

- ) 9

As previously e:{plalned, the research and developmernt of Jarlsberg cheesewas originally based
onthe production technology for Gouda cheese, This technology is largely preserved intoday's
larlsherg cheese technology . However, in our opinion, Jarlsberg cheesa should be categorzed
asa unigque cheese type and not compared to either Gouda or ary of the Swiss cheeses,
Jarlsherg cheese cannot be characterized as a Swiss cheese despite the factthat
propionibacteria areresponsiblefor the eyeformation and the development of flavor inthe
cheese is reminiscent of Swiss, Neverthdess, in 1963, Professor Ystgaard wrote in a
compendium that Jarlsberg cheese was a type of Swiss cheese [58). Others have also chosen to
characterizeit asa so-called "Swiss-type variety” (31, 37). However, this cannot be proved or
disproved since there is no acknowledged irternational definition of a Swiss cheesa variety that
clearly disting uishes tself from other cheese types (37).

Jarlsberg cheese's consistency, dry matter content, lactic acid bacteria flora, ripening
progression and other quality characteristics deviate from that in a Swiss cheese, Ina
comprehensive article written by Anders Oterhaolm in 2004, "Morwegian cheeses in a historical
perspective”, a good description Is given of the sort s of considerations that were madein the
LISA when larlsberg cheesewas categ orized inthe American cheese classfication system. Herg,
too, the starting point was a comparison between larlsberg cheese and Emmental.

The conclusion of these discussionswas that Jarlsberg cheese differed from Emmental in
sevaral ways (27):

* Production technigques

#* The microorganisms used in the production

# Chemical composition including dry matter content and volatile organic acids

* Sensory characteristics:

-Eye formation: even eye distribution with a diameter of 10-25 mim, generally smaller

than Emmerital

-Consstency: hard to semi-hard, pliable and markedly softer and drier that Emmerital

-Taste and aroma: mild, slightly sweet, sour

and autty, but different from the stronger, swester and more nutty taste of Emmental

The conclusion wasthat eventhough Jarlsberg cheese has certain similaritiesto Emmental, the
production process, chemical composition and sensory qualitieswere so different that Jarlsberg
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cheese should be classified as a unique cheese variant that would be better placed in another
group inthe American cheese classfication system. The conclusion of this evaluation process
was that Jarlsberg cheesewasto be considered a unigue and distinct cheese type inthe LSA
The mesophilic cultures used for the production of the cheese contain the following ty pes of
bacteria: Loctococcuws lactis subsp, factis biovar, diocetyloctis, Loctococcws factis subsp. lactis,
Lloctococcus lactis subsp. cremons and Leconostoc mesenteroides subsp, cremoris, A culture
such asthis is responsble for the acidfication of the cheese milk and the cheess, and produces
a certain amourt of CO2 through breakdown of the citric acid inthe milk and through the
leuconostoc's heterofermentative breakdown of lactose inthemilk and cheese, Some of the
mesophilic lactic acid bacteria also produce volatile aroma components primarily from citrate
metabolism, and participate with their proteclytic enzymes in cheese ripening.

When using this type of culture, it isvery important that the cheese cookirg temperature does
not exceed about 40°C asthis would inhibit the bacterial growth. In Gouda production, the
cheese cooking temperature is usually between 36-39°C and because larlsherg cheese
technology isin principle like that of Gouda, similar temperatures are used (47). Both this
heating and the subsequent stirrirg are very important for cortrolling the cheese molsture
contert, and consequerntly for the consistency and theripening that then takes place.

Jarlsberg cheese and Gouda have approximately the same dry matter cortent: 58.5% (1, 2).
Both Jarlsberg and Gouda-type cheeses in Morway are now produced in several varieties with
different fat cortent, but originally both cheeses cortained 45% fatin the chesse dry matter,
Both Jarlsberg cheese and Morvegia (a Morwegian Gouda-ty pe) with 45% fat in the dry matter
wll therefore have approximately the same amount of moisture inthe fat-free cheess: 60-57%.
Jarlsberg cheese must therefore beregarded as a semi-hard rennet cheess both with regard to
the International Dairy Federation (IDF) classification and in relation to FAOQSWHO cheese
standard (47

The true Swiss cheese is called Emmental and istraditionally produced from unpasteurzed
milk. However, if the technology for Jarlsberg cheese and Emmental are to be likened, we must
compare with the production of Emmental from pasteurized milk because larlsberg cheesa was
developed with pasteurzed milk as the sarting point. The technology for producing Emmerntal
is considerably different from that used for Gouda. First, a different type of lactic acid bacteria
cultureis used, namely athermophilic culture, This culture cortains lactic acid bacteria that
grow at, and tolerate, higher temperaturesthan the mesophilic cultures used to produce
Gouda. Pure cultures of lactic acid bacteria for Emmental usually comprise two thermophilic
cultures Strepltococcus thermophilus and Locto bacillus helveticus (47).

Cther sources mention the possibility of using other thermophilic cultures such as Loctobocillus
delbrueckii subsp, bulgarcus and Loctobacilius factis (24, 26, 33, 37). Mesophilic species of
lactic acid bacteria, such as Loctococcus botis subsp, betis and Loctococcus lactis subsp.
cremoris, may beused in addition to the ther mophilic cultures (33, 37). In comprehensive
studies at the Dairy Institute of Swisstype cheese produced from pasteurized milk, a mixed
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mesophilic culture was used, of the type mertioned earlier, in combination with Stre plococcus
thermophilus and Locto bacillus helveticus (B2 ).

The use of a thermophilic culture enables the use of a higher cooking temperature during the
production of Swisstype cheese, Swiss Emmental is produced as avery large cheese weighing
between 65 and 110 kg, A cheesa of this size reguires a high dry matter cortent in the fresh
cheese curd in order to retain its shape, and thisis achieved by using a high cooking
temperature (31). Different sources quote different cooking temperatures

For Emmertal, for example, a temperature of 52-54°C may beused, and thetemperature
during pressing can remain as high as 50°C for several hours after hooping, The cheese mass
will become considerably drier than if lower temperatures are used, and marny undesirable
ricroorg anisms will also be largely eliminated. American resear chers have quot ed the use of
cookirg temperatures of 50-53°C for Emmerital (24, 33). In the production of Finnish
Emmertal, a cooking temper ature of 53-55°C is used (22).

In studies of Small Swiss cheese atthe Dairy Institute, cooking temperatures from 37 to 46°C
were used (62). Temperaturewas one of the experimerntal factors employed when developing
the technology for producing a Small Swiss cheese with an averageweight of 2.5 kg. With a
cheese of this significartly smaller sie, itislessimportant for their shape to have ashigh dry
matter as Emmental,

The resear chers found that a cooking temperature of 46°C combined with a 5% whey dilution
and a Warm Room temperature of 19 or 22°C produced the best flavar in Small Swiss cheese,
Good results were also obtained in relation to other cheese characteristics when a cooking
temperature of 43°C was used. However, none of the temperatures that gavegood results for
Small Swiss can be used for Jarlsberg cheese production,

Emmertal is usually produced with about 45% fat in dry matter. Based on published fig ures

for Finnish (22), French (33), German (23) and Swiss (31) Emmental, thistype of cheese
contains 51.5-53.5% moisturein fat-free cheese, This places Emmental as atypical hard cheese
irnthe classfication laid down by the IDF and FADSWH O, whereas Jarlsberg cheeseis classfied
asa semi-hard cheese according to this classification (47).

The propionibacteria that are used in both larlsberg and Swisstype cheesesgive them a
characteristic taste. The distinctive eyeformation and taste in both these cheese types are
partially ascribed to the propionic acid fermentation that occurs, and the taste profiles of these
two cheese ty peswill therefore naturally have certain characteristics in common. It s clear,
however, thatthe biological chargesthat take placein Jarlsberg cheese and in Emmental differ
on several counts

I Jarlsherg cheese, valatile aroma compounds are formed from the metabolism of citrate in
the milk by mesophilic lactic acid bacteria, whereasthethermophilicbacteria used inthe
production of Emmental are citrate neg ative. Thus, in larlsberg cheese, a compound such as

39



diacetyl can contribute to the taste of the cheese. It isalso gener ally known that lactobacilli of
the type normally used for Emmertal production havefar greater proteolytic powers than the
mesophilic bacteria used for Jarlsberg production. These cheeseswill therefore have a different
protein breakdown profile and will thus be expected to have different taste profiles, The
products are also noticeably different with respect to ripening time. Jarlsberg cheese is
rormally ready for sale after about three months’ ripening, whereas Emmental is usually not
consdered mature until about six months (31, 47).

Whenwe sum up all these differences between Emmental and Jarlsberg cheess, itis clearly
wrorg to characterize larlsberg cheese as a Swiss cheesetype despitethefact that Swiss
cheese s not a clearly defined type. Thishasledto occasional use of the name of "Goutaler” a
new class of cheese, actually a cross between Gouda and Emmertal (52). Thistype of cheese is
row produced in several European countries, but hasvariable quality characteristics. Cheeses
such asthe Dutch "Leerdamer”, the German "Alpsberg” and "Felsberg” are grouped as
"Goutaler” cheeses and are in the samegroup as larlsberg cheese, Jarlsherg cheese, howeyer,
iz considered the prototypefor cheeses inthe "Goutaler family™ (52).

The Jarisberg Name

The idea which led to the development of Jarlsherg cheese was to develop a Gouda with more
pronounced eyeformation than Norwegian producerswere achieving at that time, What such a
potertially new cheese should be called was not discussed either at the start of the work or in
the early development period. The researchers at the Dairy Institute were primarily concernead
with studying the effect of various cheesemaking technologies on the quality of the
experimental cheese, As described in detail in an earlier chapter, the work comprised marny
differert experimernts and the development of the cheesewas ertirely sciertific. The cheese
had no name until £ became obviousthat a new cheese typewas emerging and that it had a
commercial potential for Morwegian dairies. The time was ripe to find a suitable name.

After larlsberg cheesewas launched onthe market, many stories have been proposaed about
why the cheese was named Jarlsberg, Somehave described a story relating that today's
Jarlsherg cheese was an attempt to revive a type of cheesethat had previously been produced
at a dairy at Jarlsberg Manor, the main farm onthelarlsberg Estate. This is not true, how ever,
and it is therefore necessary to give a short description not only of the dairy activity at Jarlsberg
Manor and in Vestfold, but also an account of what is in fact known about the choice of the
name larlsberg cheese for the new cheese.

There isno doubtthatthe name Jarlsberg has a higorical rirg in Morway. The place now
kriowr as Jarlsberg Manor ariginally belorg ed to the Royal Farm Sabeim, and the area around
Jarlsberg Manor s now called Serm. The chieftain of the ¥nglinge clan resided at Saheim. The
property became an earldom in 1673, and the rameJarlsberg, fram “Jarl”, the Morwegian word
for earl, has been used since then. From a dairy point of view, this area has special interest as it
was here the country’sfirst dairy was established in 1815, The dairy was used only inthe
summer — a "summer dairy” — and was established on Auli Farm, which belorg ed to the
Earldom of larlsherg and was originally one of several farmsthat comprised the earldom (5).

40



Jacob Liv Borch Sverdrup was the man behind the first "summer dairy”. He wasa

fifthg eneration descendant of Peder Michelsen Sverdrup, who had been the Danish Sher iff

for the area of Kambo, Idd and Marker. Jacob Sverdrup lived from 1775 to 1841 and was
educated at Copenhagen University, where he graduated in 1795 with specialization in history,
languages and botary. He was employed as ateacher in Copenhagen until 1806 and then
became Headmaster in Kong sberg, where he became well known for his exemplary cultivation
of the fields on the land that belorged to the position.

When Earl Herman Wedel Jarlsberg visited Korg sberg in 1812, he was informed of the
agricultural ert erprise demonstr ated by Headmaster Jacob Sverdrup. The Earl was impressed
and appointed Jacob Sverdrup as Manager of Jarlsberg Manor. At that time, both the house and
lard suffered from lack of attertion. That year was also one of great need becausethe harvest
had failed and the Erglish blockade during the Mapoleonic War s effectively hindered the
delivery of grain from Denmark to Morway . Jacob Sverdrup proved himself a brilliart
agriculturalist and in just a few years the Estate was well managed and larg e harvests were
achieved. Sverdrup was extremely engrossed in agriculture and is probably best

krnown for the establishment of Morway's first agricultural college at Jarlsberg Manor in 1825,
This became known throug hout the country and was called "Sem Seminary™ (8, 18).

Under Sverdrup’s leadership, the Estate changed from meat to milk production, which was
then used for making Swiss cheese at Auli Dairy.

Inadiary from July 1821, Consul W.M . Eg eberg wrote: "Deliciows Swiss cheese /s made on this
farm fAuli], and we sow 374 cheeses that had been made from 37,000 quarts aof milk™ (5].

Detailed economic ac courts of the dairy were kept at Auli from 1826 to 1832, The livestock
comprised 131 milk cows in 1826, and the dairy was in operation from May to late September.
After awhile, the number of cowswasgradually reduced and the operative period shortened,
but despite this, the amourts of milk and cheese produced increased during these years.

With the communication network of the time, disgtribution and sale of the cheese became a
great problem. It was not unusual that consignments of cheese became spoiled during
distribution and had to be returned to Jarlsberg, where it was used for own consumption.
Profitability dwindled, which was undoubtedly why the Auli Dairy closed in 1832 (5).

Up urtil thistime, it was customary in Morway to churn butter from cream and use the low- fat
milk left after the cream was removed to produce low-fat cheeses such as the typical
Morwegian cheeses, Pultost and Gammelost. However, the production of Swiss cheesa
presupposed that the fat was not removed from the milk. This type of cheese therefore became
kriowr as “fat cheese”. The interest for producing 5wiss cheese in Jarlsberg and Laurvig County
(known asVestfold County today) greatly increased and must doubtless be attributed to Jacob
Sverdrup’s initiative for making fat cheese in his area. In “Lecturesin Dairy Higtory”, Professor
Staren wrote (49): “Cheese production indarkberg and Larvik County waos doming ted by
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fat cheese. Headma ster Sverd rup awake ned a particwlar intere st for this type of production
through the college at Sem.”

From 1860 to 18 70, several fat cheese dairies were established in Vestfold, particularly in
Jarlsberg Sheriff's District, Most of the establishmentswere cooperatives bebween several milk
producers while others were purely private and garted up on larger farms. These dalries were
narmed after the farm. Anders Larsen Bakke from @stre Bakke Farm in Vale was one of the
foremost men in dairying inthis area and ran sever al private dairies (5, 54, 57). An example of
such a cooperative dairy was started at Ramines in 1860, Twerty-six far mers formed a
cooperative agreement to divide the profit or loss according to shares based on the number of
cow s, Therewere 92 shares of two cows per share, 184 cows inall. Marie Olsenwasin charge
of cheesemaking atthis dairy. 5he had been taught by Andreas Kundert from Switzerland, who
was emploved by the Royal Morwegian Society for Development as a district teacher with
particular competency in cheesemaking (5], Several Swiss menwere ergaged in Morway at this
tirme to assist inthe developmert of cheese manufacturing. 5ome of them came to Norway
under their own initiative; otherswere brought here under a schemefrom the Roval Morwegian
Society for Development. It has been estimated that there were around 100 Swiss in Norway
durirg the period 1855 to 1870, and their attertion was naturally directed to production of
Emmerntal type cheese (57). It waslogical then that these fat cheeses became known

as 5Swiss cheeses, both because itwas usually Swiss dairymen who had taught this method of
production and becausethe cheeses resembled the sort of cheese that was traditionally
produced in Switzerland.

mary of the new cheese dairies in Vestfold produced a cheesethat could be described as a
Smiall Swiss cheese, This cheese usually weighed around 25-30 kilo and was sold under the
ramelarlsberg. At the zenith of production, therewere over 30 so-called Jarlsberg dairiesin
Vedfold, Staren wrote (49): "It wos Swiss cheese that wos originally imitated, but many of the
dairies that were esta blished had insufficient milk and were too primitive for this kind of

prod uction to be successful. The quality of the cheese wosextremely inconsiste nt and much of it
had to be sold off cheaply.” At that time, many wer e concerned with the variable and

often poor quality of Jarlsberg cheeses from Vestfold (27). Master Cheesemaker lversen actively
attempted to improve the quality of the cheese, However, in Norsk Londmansblad in 1915 he
wrote (19): "t would hove beenanadwantage for Norwegion cheese productionif farksberg
cheesemaking had never beenintroduced.”

In addition to the problems of quality, there is no doubt thatthe actual marketing of the cheese
was agreat problem. Each dairy had to provide its own transport to shops in the towns and
were at the mercy of the different buyers, Despite all these problems, production of the Small
Swiss continued for many years, One of the reasons why thiswasfinancially viable at all was
that the production costswere so low that a reasonable price could be pald to the producers
for the milk.

At the end of the 18005, an enormous development in dairy technology was taking place. This
led to the introduction of new methods for milk processing on an industrial scale. For example,
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several factories were established for the production of condensed milk and thesefactories
were considerable purchasers of milk. In 1904, Dale Milk Compary sold itsfactory in Drammen
andwith the capital so gained, built a new condensed milk factory in Holmestrand. The new
factory paid the local milk producers such agood price that marny of them found it

acvantag eousto sell their milk to the factory instead. As a result, mary small cheese factories
".that were leading an extremely wretched existence” were closed down, Cheese production
inVesfold and the old Jarlsberg became history (5, 55).

Cher 50 years later, when the researchers atthe Dairy Institute started developing today's
larlsberg cheese, there were probably very few ordinary consumers who knew arything about
the old Jarlsberg chesse, This knowledgewas probably held by only a few people with a special
interest for the cheese and also by those who had studied Dairy Technology at, for example,
the Agricultural University where a sory such asthis would have been part of the course in
Dairy History.

By 1957, the development of the new cheesewith large eyesthat would later be called
Jarlsherg had progressed so far that the Morwegian Dairies Sales Cutlet decided to start
production at its dairies in Nes, @rland, Steinkjer and Jaren, in addition to the commercial
production at the Research Dairy at the Agricultural University . Mow the new cheese needed a
narme,

It is difficult to pinpoint the exact time when ag reerment was reached to call the new cheesa
"larlsherg cheese”, The name was sugg ested at an early stage by the staff at the Dairy Institute
and the Research Dairy. Ctherswere of the opinion that the cheese name should reflect the
place of arigin and "As cheese”, "Follo cheese” and even “Vollebekk” were names that were
consdered. Atthat time, Vollebekk wasthe postal address for the Agricultural University and
was originally the name of one of the farms that was purchased in connection with the
establishment of the Agricultural College in 1859 (20). A competition to find a name was also
suggested, butthis never materialized.

The cheese from the experiments wasfirst sold from the Research Dairy's shiop as "Reszarch
cheese” and later as "Extra cheese”, and was sold for the same price as Morwegian Gouda,
Mary custormers from as far away as Oslo, came to the shop specifically to buy the new
cheese, Professor ¥atg aard thought the name "Jarlsberg cheese” was an obvious choice,
Followirg a meeting between ¥ stgaard and Director Petter Slagsvold of the Morwegian Dairies’
Sales Association, twas announced that the name "Jarlsberg cheese” had been chosen. The
actual date of the meeting s unknown, but urmgritten reportsfrom staff at the Dairy Institute
and the Research Dairy, and also from Slag svald, confirm that this meeting took place and that
itwasthen the name was decided. The present owner of the Jarlsberg Estate, Carl Micolaus
Wedel larlsberg, has confirmed that an application was made to larlsberg Manor for permission
to use the name for the new cheese, He also confirmsthat this permission wasgrarnted, but is
orly valid for the use of the name “Jarlsberg cheese” and not for general use of the name
Jarlsberg. It has not been possibleto find written documentation of this, ether at TIME, the
Dairy Institute or at Jarlsberg Manor. However, records are available showing that the Ministry
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of Agriculture, in 1957, sanctioned the application for the name and definition of the new
cheese (&): "farlsberg: Full fat cheese of Gruyére type, cylindrical sha pe and weight ofca. 9 kg.
Round epesof about 2 cm diameter, evenly distributed in the cheese. Soft pliable co nsiste ncy
with a rich and slightly sweet taste.”

That sameyear, the Research Dairy obtained special labels printed with the name “Jarlsberg
cheese”, Today's larlsberg cheese s, without doubt, atotally new cheese type, and the anly
thirg it has in common with the cheese thatwas produced in Vestfold inthe 1800 s isthe name.

Protection Of The Name And Logos

Followirg its commercial introduction, the sale of Jarlsberg cheese increased both nationalky
and internationally. From 1970, a consider able increase in sales occurred and the popularity of
the cheese made it natural and necessary for Morwegian Dairies Sales Association to protect
the name "Jarlsberg cheese”, The Morwegian Dairies 5ales Association was renamed
Morwegian Dairies (Morske Meierier) in 1984, TIME Morwegian Dairies (TINE Nor ske M elerier)
was introduced in 1992, and after extensive reorganization in 2002, TIMA BA became the official
rame of the compary.

The first application for protection of the name was submitted to the Board for Industrial Leg al
Protection, Morwegian Patert Office, on February 29, 1971, The application was delivered to
the Morwegian Patent Office by the compary Bryn & Aarflot A/5, Patert Consultants, on behalf
of the Morwegian Dairies’ 5ales Association. When the application was consider ed, it was
discovered that the name Jarlsberg had been submitted for registration by Jarlsberg Mineral
Water A/5 on September 15, 1969, It was also poirted out that Fredrikstad Saapefabrik (Soap
Factory) had applied to register the name "Jarl” back in 1922, The Morwegian Dairies’ Sales
Association had also applied to register this name in 1960, An application for protection of the
name "Berg” was presented by other companies in 1962, Because of these other registrations,
the Patert Board decided that the name larlsberg could only be registered for cheese under the
so-called Inter national Class 29, Correspondence showsthat the Morwegian Dairies’ Sales
Association accepted this decision. The documents at the Patent Board also show that the
individual in charge at Bryn & Aarflot A75 pushed the case in a letter dated June 20, 1971 on
behalf of their cliert, Morwegian Dairies” Sales Assoclation.

A short description of "the history of Jarlsberg cheese” may befound inthis letter,

On the basis of the above paragraphs, it can be maintained that parts of it are histarically
incorrect, while certain other parts are historically interesting. Part of the letter read: “lorisberg
cheese wa s prod wced as early as the end of the last century. It was produced at the dairy at
Jarisberg Manor, which had been establis hed in 1815 by Earl Herman Wedel farisberg and Jacob
Sverdrup. Prodwction of Jarlsberg cheese dwindled, but was bter revived by Professor QM.
¥stgoard. The owner of the Jarisberg Estate at that time, Wedel Jarisberg, gove Norwegian
Dairies” Sales Association permission a nd mono poly to wse the nome JARLSBERG CHEESE.”

wlt is understood that recently the name has been registered in Norway asa trade mark of the

44



applicant company, but there is no evidence as to the effect of such registration or what the
sitvation would be under Norwegian law if a nother trader in the area formerly known as

Jarlsberg, orelsewhere, started selling karlsberg cheese or cheese of the bland Emmental ty pe
for which Jarisberg hod an earlier reputation. s

From this text it could be understood that Jarlsberg cheese was produced continuously from
1815, butthis, of course, was not the case, ashas been explained. It s indisputable that the
initiative for the development of today's Jarlsberg cheesewas in noway a revival of the old
production of Jarlsberg cheese from Jarlsberg Manor,

Professor Yatg aard's work was the developmernt of a new unique type of cheese thatwas later
ghventhe name “larlsberg cheese”. However, it isof interest to note the point made in the
letter from Bryn & Aaflot A5 that the Morwegian Dairies 5ales Association were glven
permission and monopoly to use the name "IARLSBERG CHEESE” by the Jarlsberg Estate

ow rnier at thattime. It has not been possible to find the original documentsthat show that such
permission was actually given, but anecdotal accounts tell the same story. The present owner
of the Jarlsherg Estate, Carl Micolaus Wedel Jarlsberg, has emphasized that the permission that
was given at that time was only in connection with the use of "Jarlsberg cheese”, and not to a
general use of the word "larlsberg” when not referrirg to cheese, At one stageinthe
argumentations for the protection of the name "Jarlsberg cheese”, four cheese wholesalers,
Morges Kolonial- og Landhandlerforbund (Morweglan Grocer s Association),

Morg es Kooper ativ Land sforening — MEL (Morweg ian Cooperative Association), Joh. Johannson
and Fetevareg rossistenes Landsforening stromgly recommended that the Norwegian Dairies’
Sales Aszociation be given the rights to the name "Jarlsberg cheese”, Morges Kolonial- og
Landhandlerforbund wrote in a letter of support dated May 21, 1971 “Inowropinion, there ha s
beenanactive and extensive soles drive for JARLSBERG CHEESE for many years and the cheese
now enjo wsa good position in Norwa y asan established and well-known prod wct. It would seem
both correct and necessary that the Jarisberg name showld be protected by registration as it is
obvio us tha tcheese types of different origin and qua ity, but having the same name orlabel, can
be o source of confusion for the consumer and food wholesalers.™

The original application for the protection of the name “Jarlsberg cheese” was sent from the
Morwegian Dairies Sales Association on February 29, 1971, twas made public by the Patent
Office on Movember 15, 1971, and thefinal decision to registerthe name was made on lanuary
7,1972,

The registration was later renewed and s now valid until January 2012, While the application
for the registration of "Jarlsberg cheese” was under consideration by the Patent Office, the
Morwegian Dairies’ 5ales Association applied for registration of the word “Jarlsberg”. The Patert
Office’s response to thiswas similar to that for "Jarlsberg cheese”, althoug h they added that
sirmilarity to theword “Carlsbherg” could cause confusion. The word “Jarlsberg” was only
registered for cheess in Class 29, The registration was dated April 5, 1972,
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Whether registration of the word "larlsberg” is in ag reement with the permission originally
ghven by Wedel Jarlsberg regarding the use of "Jarlsberg cheese” is certainly a valid point for
discussion. Once the word "larlsberg” was approved by the Patent Office for registration in
other countries, registration inthe United Kingdom became a problem. The Patent Office in
London wrote to the Morwegian Dairies’ Sales Association on July 24, 1974, via the compary
Elkimgton & Fife in London, and was clearly critical of the application for registration of the
word "Jarlsberg” inthe United King dom. They wrote: “We understand that the name has

rece ntly been registered in Norway as a trodemark of the applicantcompany, but there is mo
evidence to the effectof such registration or what the sitvation would be under Norwegian ko w
ifanothertraderin the area formerly known as Jarkberg, or elkewhere, started selling farlsberg
cheese or cheese of the bland Emmental type for which Jarisberg hod an earlier reputation.”

The Norwegian Dairies Sales Association naturally wanted the opinion of the Morwegian Paternit
Office on the doubts and objections expressed by the London Patert Office. The Morwegian
Patent Office then gave a final declaration that included the following text: “The owner of the
registration is assumed to have exclusive rig hts to the wse of lorkberg for cheese thatis sold in
Norway. A third person’s use of this trade mark for cheese sold in Norway would represent an
infringeme nt of these rights, whether or not the cheese is produced in the area thot was
previously called farlsberg and Larvik County, and alko whether or not the cheese is the same

type that was produced in thatarea many yearsago and sold under the nome Jarisberg
cheese.”

The declaration from the Morwegian Patent Office also pointed out that the validity of the
registration can be judged by court. The registration has been renewed several tirmes and is
row valid until April 5, 2012, The Morwegian Dairies Sales Association has also registered
several tradermarks and logos for Jarlsberg cheese over the years, but these do not seermi to
have met ary resistance. Several of these have also been renewed and given a new expiration
date.

a6



The Start-Up Of Commercial Production

clotte and moulds of stinless steel. Hame remoing of
clots.

The full-scale production of Jarlsberg cheese atthe Research Dairy at the Ag ricultural University
madeit possibleto get a quick response from the consumers during the cheesemaking
experiments, The new cheese typewaswdl received and this made continuation of the cheese
development even more interesting. The unigque possibility for scaling up the production inthe
same scientific environmentthat was erg aged inthe research and developmert of the cheese
provided good conditionsfor product development. It was also importart to make use of the
full-scale cheesemaking facilities at the Research Dairy so that the cheesermakers could build up
their competence for working with this demanding cheese, It was also important togain
experiencefrom continuous production of Jarlsberg cheese durirg an extended period. This
was necessary for studying aspects such asthe stability of the propionibacteria’s properties and
how variation in milk gquality and composition could affect the production.

The resultsfrom the cheesemaking experiments in 1956 and the beginning of 1957 were so
promising that it soon became of irterest to start regular production at a number of dairies,
However, in order for the establishment of full-scale production outside the Research Dairy to
be successful, itwas necessary to pass on the knowleds e of Jarlsberg cheese production to the
selected dairies, twas also necessary to considerwhich dairies should be selected to start
production.

Production Starts Up

The new larlsberg cheese dairieswere selected according to the quality of their cheese
production. By statistically analyzing the data regarding the amourt of bonus that the dairies

had received due to the good quality of cheesethey were already producing, it was possible to
salect the best dairies This decision, however, presented a challenge, On the one hand, it was
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obviously desirablethat the best cheese factories be selected for larlsherg cheese production.
Onthe other hand, these factories had a stable production of high-quality established products
and thereforereceived agood pricefor their cheeses, Thisin turn g ave the milk producers who
delivered to these dairies a better price for their milk. The dairies therefore declined to give up
their presert production of familiar cheese in order to begin producing the new and unrfamiliar
larlsherg cheese. They also knew that the technology involved in producing Jarlsberg cheese
would prove to be a greater challenge than the cheese types they were already producing. This
dilermimawas solved by introducirg a so-called risk-bonusfor Jarlsherg cheese production that
was pald out per kilo of Jarlsberg cheese produced. The ske of the bonuswas determined

by the amount of bonus each dairy was already receiving for their regular production. Inthis
way, it was hoped thatthe dairies would retain their ability to pay the milk producers aswell as
before even though they had charged over to the new and unfamiliar cheese production.

The first dairiesto be selected were @rlandet Dairy, Steinkjer Dairy, Mes Dairy and Jaaren Dairy.
All of these dairies had very capable cheesemakers with good reputations for good product
quality. However, it was considered a special challerg eto transfer the Jarlsberg cheese
production from the Ressarch Dairy with its excellent laboratory supportto a commercial
factory. A course inthe production of Jarlsberg cheese was therefore held atthe Dairy Institute
in 1957, led by Professor Yetgaard, attended by the following cheesemakers:

Scharer Uddu from Mes Dalry, Lunnan from Steinkjer Dairy, Hem from @rlandet Dairy and
Schibevaag and Kvassheim from Jaeren Dairy. Pedersen from the Research Dairy also attended.
These people eventually became the Jarlsberg cheeseveterans,

The dairy researchers at the Dairy Institute arrang ed a further course for the Jarlsberg
cheesemakersin 1959, and 16 cheesemakers attended. In 1962, another course was attended
by 23 participants and lasted for 14 days, whichhwas a long course for its type. In addition to
coursesfor Jarlsberg cheesemakers, coursesfor dairy managers were also held at the Dairy
Institute, In 1958, these courses were held in February and October. Various problems and
challerg es associated with the production of Jarlsberg cheesewasthe main theme of these
COUrses

Practical Probhlems

The staff at the Dairy Institute was eng a2 ed in other ways in the transfer of knowleds e about
Jarlsberg cheese production, the use of propionibacteria and of cortrol procedures and guality
assessment of both the propionibacteria culture and the cheese. The people responsible for
development of Jarlsberg cheese provided consultancy help for the Jarlsberg cheese dairies
Research Assistant Arne Henrik Strand visited @rlandet Dairy in December 1957 to advise on
Jarlsherg cheese production. When occasional irreg ularities or quality faults arose, the scientific
staff at the Institute tried to help the dairiesfind the causes and solutions whenever thelr
achvice was requested.

Even with the normal and natural variations in milk guality due to locality, it became obvious
that cheese production did not usually present great difficulties Sometimes, however, a faulty
culture of propionibacteria could produce an atypical cheese, Infact, the advice most often
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soug bt by the dairies concer ned the use of the propionibacteria culture and the handling of the
bulk starter of this culture, This kind of topic was often broug bt up during the cheesemaking
courses atthe Dairy Institute. Thelaboratory at the Department of Dairy Technology at the
Dairy Institute supplied the Ressarch Dairy with the bulk starter culture of propionibacteria for
the full-scale production. However, when other dairies beg an Jarlsberg cheese production, they
had to producethe necessary amount of bulk starter themselves The & arting point for the
production of the bulk starterwas a so-called mother culture that was sent out from the Dairy
Institute each week, The selected dairies really did not have the facilities to preparetheir own
bulk starter. Inthe preparation of propionibacteria culture, sterility of growth media and the
Inoculation Room was critical. The dairieswere understandably reluctant to invest inthe
equipment necessary for optimal culture production, such as suitable autoclaves, particularly
before it was certain that larlsberg cheese would be a success Autoclavirg inordinary pressure
cookers was attempted, butthe result was not alway s satisfactory, However, those dairies that
also produced Brown Whey cheese could usethe brown cheese kettles as autoclaves after a
few small adjustmierts, and thiswas generally done. Despite certain practical problems that
occurred when production was established at the selected dairies, good guality cheese soon
carme on the market. The new cheese becarme popular so fast that demand began to exc eed
supply. More dairies beg an production, and by 1961, ten dairieswere annually producing 2,000
tonsof larlsberg cheese between them. Total coverage of the market was not achieved until
1962

Exhibitions of the dairies’ products arefrequently arrarged by and for dairy professional s,
Their products arethen graded for their sensory properties by an authorized panel and ranked
and awarded accordirg to their gquality, Jarlsberg cheese first appeared at such an exhibition in
Trondhelm on November 14, 1957, The cheese had been produced by @rlandet Dairy and was
given ascoreof 11, indicating it was deemed “Very g ood”.

Records show that Jaren Dairy produced 3,168 kg of larlsberg cheese in 1957, Production
increased to 6,884 kg the following year. Mes Dairy produced 68,000 kg of Jarlsberg in 1958, At
product exhibitionsfrom 1960 to 1962, Jarlsberg cheese was displayed from an increasing
riumber of dairies and all the cheeses were judged to be of extremely good quality. All satisfied
the demands forwhat was known at the time asthe "Clover Mark”, a mark of quality inthe
dairy sector. Product exhibitions were held in Drammen and Trondheirm in 1960, The following
dairies presented Jarlsberg cheesewith "Clover M ark” quality: the Ressarch Dairy; Fredrikshald
Dairy; Stokke Cheese Factory; Odal Dairy and Steinkjer Dairy. Atthe regional product
exhibitionsin 1961 and 1962, ten dairies exhibited cheeses that achieved or even surpassed the
quality required for the "Clover Mark”. These dairieswere: Bygstad Dairy; the Research Dairy;
Fredrikshald Dairy; Gjevik Dairy; Mes Dairy; Odal Dairy; Sortland Dairy; Steinkjer Dairy; Stokke
Dairy and @rlandet Dairy. Jazren Dairy apparently did not take part in these exhibitions,
althoug ki Jarlsberg cheese was also produced there,

In the first few years after 1962, no further dairies commenced larlsberg cheese production.
However, an interesting developmenttook place at Sortland Dairy and at Mes Dairy. Urnitilthis
time, allthe dairies had produced Jarlsberg cheesewith rind. Thesetwo dairies began
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production of rindless cheese, Sortland Dairy echibited larlsberg cheese both with and without
rind in 1966, and from 1968, Mes Dairy produced only top quality, rindless Jarlsberg cheese,

Thesa glimpses of the work imvolved in the transfer to
other commercial dairies of the production of Jarlsberg
cheesa from pilot scalein the Research Dairy at the
Dairy Institute and fullscale production in the Research
Dairy' s regular production illustratethe excellert
utilization of the expertizse and knowledg e of the
researchers and cheesemakers at the Dairy Institute
and the Research Dairy. The scientific personnel at the
Institutefelt it was necessary to participate in

this knowledge transfer in order to optimize the
establishment of Jarlsberg cheese production at

the dairies that were selected for production.

This collaboration was an important factor in the
success of Jarlsberg cheese, This kind of collaboration
between researchers and industry is just as relevant
and advartageoustoday and should be paid increased
attertion in order to achieve invertion and innov ation.

|'|I
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The Importance Of farisberg Cheese For Tine

Jarlsherg cheese was an innovation that guickly became established as avery popular chease
both at home and abroad. It was referred to as a new type of cheeserright from thestart of its
development period in 1956, It soon became apparent that the consumer in Morway and in
rmany other courtries greatly appreciated thetaste and consistency of the new cheese, [t
became a valuable addition to the Morwegian cheese assortment, and rapidly becamewvery
important for TINE as it became a great commercial success,

larlsherg cheese first appearsin Norwegian Dairies’ statigtics in 1961, when 1,648 tonnes were
sold onthe Morwegian market, Figure 5 shows annual production and export s from 1961,
Production increased g reatly between 1970 and 1978; after that, growth leveled out. Most
Jarlsberg cheese was produced in 1997; 20,732 tonnes, Thefiguresfor 2004 and 2005 are

hig her than in previousyears, but include production under license inthe USA. & provisional
record for the home market was reached in 2004, when 8,042 tonneswere sold inthis market,
Jarlsberg cheese soon becamethe second most popular cheese from TIME on the Morweg ian
rmarket. Amorg TIME's chieeses, only Morvegia is sold ingreater amounts,

Figure 5 showsthat more larlsberg cheese is exported than is sold on the Norwegian mar ket,
However, cheesewas exported from Morway long before Jarlsberg cheess was developed and
introduced on the international market, mostly Morwegian Gouda (Morvegia) and Makkelost. In
addition, certain amourts of Morwegian Edam, Morwegian Tilsiter and Mormanna (Blue cheese)
were exported, mostly to West Germary and the United Kingdaom.
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The initial export drivesfor Jarlsbherg cheese took place as early as 1962, when a representative
for Morwegian Dairiestook some of the cheese to the United Kingdom and showed it to his
customers there, The sameyear, a representative traveled to the US4 and showed the product
to his biggest cugtomer for Brown Whey cheese, a product that had been exported to the USA
for many years, As a result of thisintroduction to first-class Jarlsberg cheese | exportsto the
United King dom and the USA began thefollowing year. The exportsin 1963 totaled 224 tonnes,
which gradually increased until 1972, That year, Morway voted notto join the European Union,
and exports of Jarlsberg cheese to the USA greatly increased, Canada and Australia later
became important markets,

The Morwegian Dairies’ 5ales Association 50th Anniversary Report (B) 2ates the following
regardirg the export potential for cheese as various countries joined the European Union:
"Exports to the United Kingdo m we nt well until the country became a member of the European
Union. Howewver, the Sales Association mo noged to deveb panexport of Gowda to Japan that
muore tha n oo mpe nsated for the loss of the other markets. Exports of Normanna and Tilsiter
suffered the same fote o5 Gowda, and it was not possible to find re placeme nt markets

Prod uction of rirdless Jarbeng chees e soon stamed atMes Dainy. Satefied with eve formaton?

ourexport trode waos Jorkberg. Despite extremely high impo rt tariffs, o
certain market has been built wp in West Germany and similarly for the
United Kingdom after it joined the European Unio n. However,

it wa s primarily in the USAand Conada that it was eventually possible
to build up an export volume for Jarisberg cheese which the Sales
Associa tio n has never before had forany cheese in any market.”

: Following negotiations inwhat became known as "the Kennedy
;'1 Round”, custom s dutiesfor import of cheeseto the USA were reduced
L : II" ; and import quotaswere amultaneousy introduced for different
_--‘l cheasa types, with one important exception.

Cheese that was sold for a price over a certain FOB (Free On Board) ratewas exempted from
the guota limitations, Morwegian dairiesthen decided to increase the price of Jarlsberg cheese
tothe USA such that it exceeded the FOB rate thus rendering it exempt from the import
fuotas

It was not easy to predict inwhat way the price increase would affect the volume of cheese
exported to the USA, However, it turned out that Jarlsberg cheese's quality was so good, and its
popularity so great, that this price increase was accepted and export actually continued to
increase, This evident success of Jarlsberg cheese on the American market also aroused great
irterast from other cheese-exporting countries

Several countries warted to produce and export a cheese with similar characteristics and there
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was also considerable interest for using the same name or a name that could be associated
with the successful Jarlsberg cheese, The Morwegian Dairies Sales Association's 50th
Annhversary Report (6) states the following about this situation: “The fofowing message from
De nmark was typical for the international interest for farisberg cheese, butalso alarming for the
Sokes Association: The Cheese Export Committee has decided to recommend to the
Government Co ntrol Agency that it be permitted to produce and export to all markets, ona
dispensation ba sis, o g vality-co ntrolled (Lurmerket] 45+ Danish Jarisberg "cheese witha

mo sture content of 44% on the co nditio n that the cheese is equivalent to the Norwegian
characteristics for this cheese’. Denmark now exported Jorisberg to the UsAand Conoda wnder
this declaration, far below Norwegian prices. One Danish dairy actually proffered the cheese
using the nome Jarksberg cheese’, and the Sales Association hod to bring up the matter of
protecting the name on the export markets Neverthekess, exports of lorksberg to the USA
increased slowly but surely despite all attempts from foreign competitors to exclude the Sales
Association from this important market.”

Tl

In the US4, the Tounierailing Duty & T ghes the avthorities the rght to impose a duiy

on socaled sulsdoed e pors 1o the LSS thatcan be s uflicient to comga e sie frthe subsid os
ghremn in the exporting countng. bn 1974, the guestion was @sed conoerning wihe therthis fom of
dhrty shiould e & ke o use. Vanows waes weine attacting the authorly s aftenton atthat time.
Thie Amenican katona l Cheese Irstiuie pressed the authorities to inbodoe ths Bw in the c@se
of daiiry products and, one by one, all countries thatedporied chees e to the LSS woe accwsed of
sulsidizing chees e to the Amencan maket. A oneof the bst coundries of mamy, Homay was ako
accwsed 2 phicitly citing Jark beeg chieese.

Morsay efuted the acowsation, aguing thatthe Jarkborg cheese thatwas expoted to the LSS

w5 not Suls i ieed. The &menican authorities c@imed in etenn that the oo rewemer subsd s that
wene lin ase on the Morsegan homie marke i, for example for by uid milk, acted indinectly as eaport
sulsidies. & senes of dsowssions on these & swes tookpboe for a s ot while. The Morsegian Daines”
Salles fss ocationn Sth fnnversany Repon B) s@tes: “The dmencon eoreseaheive s hod o od vt
thet the Bossegion cooperaiive Sysiem within the mail sector wirs different from ol o ther couwntries
schemes, which dérer thy ashoiolred the exp ot

The final decision on the guestion of subsidies was reached by the American Treasury
Departrment in 1976 and did notgo in Morway'sfavor. The consequences werethat if exports of
Jarlsberg cheese to the USA were to continue, the price had to be increased by 30%. Despite
thislarge price increase, the American importer swere still optimistic. However, it was deemed
recessary to stremgthen sales promaotion of Jarlsberg cheese inthe LISA, The price increase
madeJarlsberg cheese the most expensive larg e-eved cheese type on the American market,
The American importers’ appraisal of the market’s willingness to pay this high price proved to
be correct. Exports to the USA and Canada continued to increase, and reached about 8,000 tons
in 1976,

The obstacles, however, were not over, although the market seemed to accept the high price
for the cheese, In 1976-1979, the USA introduced a quota restriction for imports of cheese,
which included Jarlsberg cheese, Exports of this product were still relatively new inthe USA,
and sales were still increasing, It wasthusvery unfortunate that the guota restrictions were
based on average imports from an earlier period, but this limited the amountsthat could be
exported to these markets ExportstotheAmerican market were firs managed by a subsidiary
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of Mestlé, Following a reorganization of Mestlé, the Sales Association decided to start its own
compary inthelU5A Thisbecame afact in 1978, The company s a subsidiary, wholly owred by

the Sales Association, and has since Esinitiation managed all Morwegian cheese sales onthe
American and Canadian markets,

The taotal ex ports of Jarlsberg cheeseto all courntries, including the license-based production

in USA, reached 16,099 tonnes in 2005, Apart from the USA and Canada, these countries
included mary European countries and, not least of all, Australia. Concerning the Australian
situation, the following waswritten inthe Afterposten newspaper on May 16, 1977
"Worwegian exports to Australio have never been sig nificant. Thisis partly beca use Australio
tries to restrict the import of certain goods and partly because the long distance from Norway
scares many prod wcers off There are therefore few export drives to this country, which has such
a potentiol. Hono rable exceptio ns to this are the Norweg ian fish industry, which sells
considerable amounts of frozen fish, the Norwegian shipping industry, which is well

re presented in Australio, and Norwegian cheese. There are considerable and increasing exports
of Morwegion cheese to Austra o, and over 1,000 tons are shipped annually the long distonce to
Australio. InAustra o, the Norwegian exports of cheese are as great as those from Denmark.
Norwegian cheese is considered o g uality product here. Itis more expensive than that of the
competition, but knownto be among the best.”

Mot only have export s of Jarlsberg cheese met various trade hindrances such as customs, extra
levies and quota restrictions, but also tough competition from both other countries’ cheases
and from direct copies produced in other countries, Despitethis, the cheese has established
itself as one of the greatest and mos profitable varieties in most markets where it has beean
irtroduced. It isprobably correct to maintain that & is considered an exclusive cheese and is
often displayed in shops along side the more expensive wines In addition to the cheesa's
special and characteristic properties of taste, flavor and ey e formation, its success s not

least dueto the high and stable quality that has been maintained throug hout the production.
Woell developed quality cortrol systems and thorough quality assurance of production and the
product at all the dairies in Morway have been, and sill are, of vital importance for successin
the export market. Capable sales and marketing by the Sales Association and later from TIME
were an important prereguisitefor the great success that has been experienced with Jarlsberg
cheese,

Sinceits introduction onthe market in 1961, national and international sales have developed
very positively. In 2005, the total turnover had a market value of approximately 1.5 billion NOK,
representing a considerable value and volume for the Morwegian dairy industry. TIME BA
estirmates that Jarlsherg chieese has a greater sales potential in sever al countriesthan is
attainable with today's export and trade restrictions In order to utilze this potential, TINE BA
has established a licernsed production inthe US4 and a similar agreement has been established
ir Irland.
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Some Main Features Of The Technological Development Of Jarisberg Cheese Since
I9a5

Writte n by Roif Hes kestad,

Manage r of Chaese Technolgy,

TIME RE&D

The period for development of Jarlsberg cheeseis considered to be until 1965, However, also
after that time, work on optimization of production technology and development of new

product varieties has been almost continuous Some of the main aspects of this development
are described below.

Rinaless Jarisberg

Rindless cheesais Iésswaieful for both producer and consumer. It wastherefore natural that
production of a rindlessvariety of Jarlsberg cheese became a subject for development research.
The first experiments were conducted at Nes Dairy in 1965, It soon became apparent that the
greatest challergewasto find a cheese film that would release the large quantities of gas
produced inJarlsbherg cheese, The problem was the developrment of many small eyes inthe
outermost parts of the cheese and the formation of cracks. twas also difficultto attain the
sarme full flavor, However, the ex periments were continued, and in 1967, the quality was
consdered good enough for the cheese to be launched on the market,

In order to reducetherisk for small holes and cracks it was necessary to employ a filmwith a
very low barrier for CO2, These so-called "open” filmswill simultaneously have low barriers for
02, Mot surprisingly, growth of mold was soon shown to be a problem, but this was soled by
treating the surface of the cheese with an artifurg al preparation. Several such preparations
weretested and, inthe end, thefurgicide natamy cin/pimaricin was found to be the best
compromise solution, The cheesewasfirs packag ed manually and later by machine using a PYC
filrn material. It waslater discover ed that this type of film contains plasticzers that may be a
darger to health. These circumstances, along with a desireto further rationalze the packing
process ledtothe start of experiments employing vacuum packaging of the cheese. Again, a
riumber of different films weretested. The problems of smiall eyes at the cheese surface and
cracksimmediately reappeared, usually in combination with irflated packages. In 1988, after

lorg and comprehensive research experiments, itwas determined that itwas safe to start
production of rindless Jarlsberg.

New Cheese Sizes

Inthe late 1960 5 a request came from the USA asking whether it was possible to deliver a
larlsherg cheese larg er thar the standard 5- or 10-kg blocks. The backg round for thiswasthat
the market for diced cheese wasgrowing, and there was a need for slices that were more
suitableto the American demand. Verdal Dairy started production of larg e blocks of Jarlsbherg
cheese weighing 36 kg, which were very suitable for cutting into sies that suited the American
custarmer, The egablishment of this production, of the cheese later called Fjordland, presemted
a series of technological challenges,
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suthomeed cheese grades at work. hone of the cheese @ches wee presented to the market
bedome grading had talen phce.

The final pressirg of the cheesewastotake placein specially
congructed pressing vats, after which the cheesehad to be
divided irnto plecesthat would fit the cheese molds These
individual blockstherefore had some surfacesthat had cut edges
and othersthat had been in contact with the wall of the pressing
vat, The cut surfaces had a more open structure, and when the
cheese wasthen brined, a much greater uptake of salt occurred
through these open surfaces A definite improvement was
achieved when equipment for sealing the opened surfaces was
installed, but it was alwaysa challerge to achieve an even
distribution of salt atthelevel required inthistype of cheese,

In 1996, the production equipmernt atthe dairy was renewed, and it was decided atthat time
to charge the format of the cheese blocks, The giant 36-kg block was replaced by one weighing
20 kg that had the shape of two side-ly-side 10-kg blocks, This cheese was tailor madewith
respect to portion packaging. Compared to the large blocks, there was lesswaste and also more
portions with a characteristic eye formation. Jarlsberg cheesein 20-kg blocks isvacuum packed
inplastic bags

Reduced-Fat [arisberg

I 1988, the USA requested a larlsberg cheese with a reduced fat cortert. At about the same
tirme, therewas also a dawning of interest for such a product on the home market, It was
decided to establish the production of aJarlsberg cheese with 16% fat (Jarlsberg H 30, with
rird, at Steinkjer Dairy. This product was launched in 1989, but urfortunately received a cool
reception inthe market and therefore had a short life. Parallel to the establishment of the
production of this cheese with rind, a rindlessversion of larlsberg H 30 was also beirg
developed. Production was started at Rog aland Dairy, Heyland, with launching in 1989,
Thiswasa special product for the American market from the beginning, and was sold under the
narme "larlsberg Lite”, In 1991, however, the USA demanded thatthefat cortert be further
reduced.

The US regulations stipulated that in order to permit the use of the product name "Jarlsberg
Lite”, the fat had to be reduced to half that of the standard Jarlsberg cheese, which contains
27% fat, The production immediately went over to Jarlsberg cheese with 13% fat. At the same
tirme, duetoyet another request from the USA, vitamin A was also added. Sincethen, larlsberg
Lite has been purely an export product, Production of rindless Jarlsberg H 30, with 16% fat,
continuesto cover the demand from the home market. This product was later renamed
"Lighter Jarlsberg”.
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New Taste Variety

A larlsberg cheese varlant with smoked flavor was developed and launched in 1994, The
smoked flavor (s achieved by placing fully ripe Jarlsberg cheesein a liquid natural smoke aroma.
To ensure agood penetration of the flavor into the cheese, it isfirst divided into 2.5-kg pieces,
The cheese is then drained and vacuum packed inthe usualway. Jarlsberg cheesewith smoked
flavor is produced at TINE Dairy South, Maarba.

New Surface Treatment Of Jarisberg Cheese With Rind

Problems with the surface of Jarlsberg cheese appeared right from the start. The cheese surface
used to be waxed, The problem of loose and cracked wax was at times somewhat extensive,
and the surface often then became infected with molds inthose places wherethe wax had
fallen off. At that time, the cheese label was placed on top of the wax and applied with a hot
iron, a heavy and time-consuming process If the problem of loose wax subsequently occurred,
all or part of the label usually came off. On cutting such a cheeseinto portions therewas a
chancethat sections of the cheese could lose their identifying mark. & project wastherefore
started in 1996 with the aim of developirg a method of surface treatmernt that would be more
satisfactory. The result of this work was the replacement of waxing with a liquid plastic
ermulsion [Flastcoat), and the cheese label was placed inthelayer of plastic instead of in the
wax, This process could be done by machine directly after the cheese received its plastic
coating. Atthesame time, a so-called "banderole”, a band with décor around the cheese,

was introduced. This also helped the cheese retain its shape better when in the warm Ripening
Room. When the cheese was removed from the warm Ripening Room, it was vacuum packed in
plastic instead of wax covered. The so-called Jarlsberg "Mew Look™ was put into production at
both of the dairy factories that were still making larlsberg cheese with rind, TIME Dairy South,
Mazrb@, and TINE Mid-Morway, Elnesy jgen, in 1999,

Extra-Aged Jarisberg

For mary years, Jarlsberg cheess was not thoug bt to be a cheese that would be improved by
extending the ripening period, However, the question of launching an extra-aged Jarlsherg
cheese was occasionally raised. After a period of hesitation, the decisionwasmadein 2002 to
establish the production of extra-aged larlsberg cheese at TINE Mid-Morway, Elnesvieen. The
cheese, "larlsberg Special Reserve”, (s aged for nine monthsfor thehome market and 12
morthsfor the export market.

Concentrated Propionibackeria Culture

Urtil 1991, thelarlsberg cheesa dairies were provided with propionibacteria culturefrom the
Dairy Institute at the Agricultural University of Morway . After that time, TINE s R&D Certer
atVoll took over production and delivery of the mother culture to the dairies. Traditionally,
the mother culture is propagated to the bulk starter culture at each factory, When the
production of Jarlsberg cheese under license inthe USA was established in 2000, £ was
consdered undesirable forthe dairy inthe USAto propagat e its own culture. From 1989 to
1995, TIME R&D pursued a research project with SINTEF and Landteknikk Fabrikk. The aim was
to find a new and unigque way of producirg the propionibacteria culture. A prototype filter
fermenter was developed and was subsequerntly installed at TIME RED Vall in 1995, Mary
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challerg eswere experienced during testing and optimization of the equipment, and itwas not
reacy for normal production until August 1, 2000, the same time as licensed production began
inthe UsA, The filter fermenter continually produces propionibacteria culture and is 50

tirmes the concentration of a normal mother or bulk starter culture, The culture is tapped into
bottles in units equivalent to that required for one cheese vat, One hundred ml of this 50x
concertrated propionibacteria culture s added to a cheese vat containing 12,0005 liters of
mmilk. The bottles of concentrated culture are frozen at -45° C and activity is retained for
orneyear. The concertrated proplonibacteria culturelisthawed immediately before use and
added directly tothe cheesewvat.

The culture production capacity for the filter fermernter at TINE RED Vol is 750-200

liters per year. According to the production prog nosesfor the USA, the requirement for the
concertrated culturewill exceed fermenter capacity during 2006, Production of larlsherg
cheese under license also started in lreland in 2006, It was therefore decided in 2003

to build a new fitter fermernter. One of the prereguisites for this investment wasthat

the concentrated cultureswill also be used by the Morweglan producers of Jarlsberg cheese
in Worw ay. A centralized production of the culturewill provide better quality control

and guality assurance. The dairies will also save time, and seen as awhole, this centralized
production will reduce production costs. The new filter fermenter isin operation from

2006, Itisamodified version of the prototype, and has an annual capacity of 5,000

liters of 50x concertrated propionibacteria culture.

Amurd the sesventies a ratonal romantic attbude was tpical freheese
advefszment
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