development of jarlsberg cheese technology
the starting point

I the autumn of 1955, dajry science student Per Saksha £:3 ﬂ: ter ha FELEET O F_Tml:en Dajry and Headmiaster nF]url:en
Dajn Cullege], urder the supeTy 5 jon of Pmfesar stgﬂtd, oo veted clﬂ-stmnl:jnge speTimients for his Blasters
Tlesk, “Addition of F'u;spjnn,ﬂ:ﬂc Eth cultume to o leese mill™ | at the ..-'I.gl:i-:u] wral Univesity of Morvway (32). Interesd ng
mesults were obtnjred, and n pood quality cheese was produced using the Regearch Dain’s cheese vats, Interest was
awakered to further the development of 2 Gouda with brge eyes. From that pointon, the d e lopment of 2 Gouda with
hrge epes wsulting fiom propicnibac et metbolim was kd by Professor YWatgaand, and jt was this work that eventnlly
ked o today’s Jarkberg cheese . Lnaddition to the effect on epe production, it was abo expecied that e additionof a
pume culture of qubnﬂwﬂjmﬁmﬁmiﬁﬁ subs P- Shermany would add o njrteres I;jng tste to the cleese.

Asg the work F::hgmsged, Pro fesmor Tsl:g:mﬂ felt jt was Important i wehin the Gouda I:eh:lmlngl:. This meant, For

Evam |:||t', that qnly mijxed cultves of so-callsd memplﬂ lic hetjc acid bactetin wers vged jn addition o the

propicnibac teth. These betic acid bacern awe called mesophilic bemuse the it optimal growth tempemture E around
30°C. It was decided that the cheese cooking tem pemture, that i, the highest tem perature to which the cheese mass and
whey i heated jn the vat, was to be the same as the rebitively low tempenmtuee wed for Gouda. This low tem pemtup:
dioes not inhibit the mesophilic betic culture and jts metabolian of lactose and cittic aci i the milk. Lo other words, the
eSS ATY g:;::l BT thiof the starter bacterin 5houkd b= gnm mteed by u;jng these comditiors.

Ini the folowing deseription of the development of the cheese tec hnology, we will Imit ousehes to some of the
meearch P & ard Masters msenrch work comducted at the Dajn Irstitute form 1955 to 1965, the vear when
Poofessor Ystgaard cone luded that the cheese was fully deeloped as o new chesse trpe. Our description, themtone,
builds brgely on work publsbed from the Drstitue during the dewlopment petiod or submitted as MSc theses at the
Agricultum] Unjversity, Later, sevem | Masters Theses and other msearch reports wem abo written a bout Jarkberg cheese
ot about the poo picnibacterin culture, but only a Ffew of these will be mentioned.

thefirst cheesemaking experimentsthat led toa new cheese

Frgem aboart 19160, the miost j.'np;rrl:lnl: cleese F'u;::lu:td in Morwar was the soocalled |=1ge-e1'u:| Giouda. Befgre that, a
vatpnt with very small epes lnd leen F':l;::lu:t'd. Hiowever, for several vears E-:djng up o 1955 :i:|1jt'1.'jr.|g sufficient
e ke b htg' eves jrthe chesse became an jr.r:w:ajng F'm'hlt'm.

In his Masters research, Saks baug begnn with the hypothesis that in the orgiral Nomweginn Gouda cheese,

propicnibac teth were probably animporantaid toachievieg sats hictory eve forma tion, Poo pionibacteta awe principall
gut bacterin and would therefore bea part of the nommal flom of the milking parlor. Sakshaug specubited that because
patlor and milking hygiene had jimprosed , the incidence of propicnibacterin had bee n reduced . These factors, combined
with Fa stermimtion of the chesse milk, could lave resuted jnminimal amounts of Fmpj;;mﬂ:ﬂi: e jn the cheese milk.

The fommiation of very htg' eres jin Emmiental type cheem i |:|1:'|.'r|:1:i he doe o Fmpp mibacter i whic h Fomm htg'
amgunts of cathon dicxide (CO2) by mel::'haljzjng the hictic acid that bhas been foomed om betose jnthe milk by the
botic aci starter bactetin in the cbeese. Propionibac et membolize the @t of botic acid (hette] to propicnic acid,
nceticaci and CO2, Sokshany's bypathes mas Sar Be e farmation in (e ved be irpraed and mome Sk that fr cheese prodaed
earler i a e éxdtooe af Drabie ek mas odasd fe Se cheese moild s pa genripaten. A mview ofthe emtue showed that
many wsearch groups had previewsly studied the effect of adding propicnibacteria to Emmental cheese milk, However,
) TEPOT by could b fiound teFE'l:'l:ing tiy the addjtion of Ftnpj;mjbﬂi:hﬂ:i: by pagte i fred cleese milk For Gouda F'u;::l et n
szng the Ei:|1.r.|;ak:g_1: that was oommign jn Nnm'eghnd:jﬁes. Resear e at lowa State I!'_"|;:|E-ge 4] lad ':El:l;a'l:l:ed the
dﬂ'ehl:lment of a cheese they called Lowm Swiss. The I:eclmh;:gr wged for this chesse was simijlar to that tsed for Gouda,
bt soemie o F the Esearchiged a cml-:jng berm peTa tume af41.1%C, which B oo |1jg|1 for Giyuda.

Sakstaugs MEc msearch projct compred 24 cheese vats, each with #00 liters of milk. The mme chesseamaking

technclogy was wed for all vats . Sixteen oumd cheeses were made from eachvat, each weighing 2.5 kg, To detijl the
cheegemaking technolegy wed woul ke too long, but jt js mportant to mention that an ord ity mijxed mesophili
culture of hoticacid bactetih was wsed, the mme 05 5 wtsed for butte rand clheese F'u;::h.n:l;jn;mjn FMorway. The q:ml:jng
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term peTature wag A7 The expt"lj:nenl:ﬂ setup irplved the addjtion of a stmin of P@b@mmﬁ.m'rmiﬁﬁ 5 uhsp.
shepmmanys at thoee djferent leve ko thres chesse vats contaj njr.lg 1% of the mt-.;uplﬂﬁi: lactic cultuee. Ina fpurth wt, onbe
the hictic culture was added . The clesses were made on the mme day amd the same milk was ged jneachof the foor
vats, This experment was repeated sjx times during te period 5= ptember 4 to October 3, 1955.

The strain of Presieyiacknie fressoeiebi subs p. shawany originaly came fiom [owa State University. Professor Ystgaard
had developed a good colbboration with Dr. FE. Mekbon follbwing a sty tip to lowa State, Mebon gave the culture
o Probfesor ngﬂnﬂ, ard it was bter found to be cruchl th]:thbeg‘s 5|:|ecj:| F'D.'.!Ft"l-'t.its-

A Frer pressing, the chesges resied jn the moulds mem,Eht. Half of the cleeses [8) wens then ict\:l in A% brjreat 5-
12°C amd salted for twe days. The TEmiAjning ejghl: wees kft jn the molds for anadditioral two davs and wers then

trars ferred b the brjme and saled for two dars . The chesses foom eacho Fthe 24 wmts were djvided betoes ntheee wanm
Ripening Rooms (16%-, 199 ard 227, respective i), and weme contima Il nsmessed such tha t they could be tamfemed o
cold stomge a5 5000 as they were mady . The mumber of mecesmry days in the Bipening Room vated foom 12 6026,
After thoee months of cold storage, the chesses weme amlyzed and crganc keptically amessed. Examples of epe foomation
ared the gEreT I!FFH'EID.‘E of the cleeses made dl.u:ingS:]-:shug’s Fj'l:sti:|t'ﬂaen'u]-:jr.|g seTjes are 5 hown in F"ELIIE 1.

S:J-:shugemphsjzed that hi =search material was too small to doaw g'nem| ool o s mmt"m_ing the effect of
:ddjng the Fmphnj'hachﬂ:in cultume on eve fommiation, but e Fnjnl:ed out somie terde ncjes jothe mesulty:

L ']_'112' mnl‘u;:ldﬂl.;eslm‘td g;;had e Fmrrl: bz, T|1e F':l;::lu:t'd G-;;:u:l: was ot u'jtl'b;:utﬂt's. 5|.||:|1 a5 Was aFl:en
the F'm'hlem in Morwegh ndajries at that time. The esuls of the = reory assesment gave Teason by majntin
that the addition of Previmdarenmmw feadneidi subsp, sherman to the cheese milk made a slight impronement
in the quality o f the expetimenta | ¢ beese,

#  (Cheeses with the bwest and medium kvels of propioni bactetia geretally tmsted better than the control olheese.
The addition of ths culture had an clar effect on the comcentrations of voltik omnic acis in the matue
cheese, but no measwablke jnfluence on the protein breakdown jn the cleese. Vohtik organic acids ax
e Heted important forcheese Fhver.

#  The vatition in tem pemture jothe Ripening Rooms within the moge wsed jnthis msearchdid mot have a
matked effect on the gereml quality of the cheese, although it was Felt that the texture and tste wem better in
cleeses tat lad been stored at 19°C.

Sakzlm ug‘s comiments gn the serson asessment dpckse that coodimtion of the theese suthorjzed cleese g‘mdﬂ:s lead
b a d:l'ul.lengl. The clesse’s sergory clhameterigtjics weme diffeent jnsevenl Tespects froam the Giouda fhey wers vged
to asessing. In the secfion on semsory amesament of the cheeses, Sakstnug wiote: “The focor of e cheese war assered
accerii g fe Se nerms for Coota cheese, bat the atbercharockrisies were flped ax Seagh Be cheese were o new fipe.” Concerning the
sersory wsults, be said: “The diffrewes fr the scares o foste are, boweser, sorprsingly sl sive Pere 5o manked diferene jr Be
task befuven chases with and widosnt o ien. This connat be expiaired iy any swayeber thar Sar the contrel s Bas been judpd oz a
Cpseda cheese and the sfhars hae A.wn‘,imu_?.u' 54 .u&:imu.r fupe. Thiz shaws that the thase aemsemen) e 5o E.fdl:ll.ﬂ'.rjlr Hart i ﬁ;e.iurbss fe

statistially analge the date

work with the propionibacterium culture

Even I:|1;:|.g|1 Sakslm ug‘s msenrch could onh show & ndencies, the s at te Dajry Lestiwte was determijned o
oot e 5 I:u:h'jng the addition of Fmpjnm'l:ﬂctetin to Gouda chesse jn greater depth. Thig, o migre extersjvwe egarch
prject was jnjtia ted | foeiged on dewlnpjngtlw clt'tgen'u]-:jng Mlmb@.‘jnmdﬁ o F'I:l.',!l:lLl:\t'! b T brpe.

At the mme time as the technology was being developed, it was ako mportont to ook into the bestoond itioms for
majntining the propicnibacter o ultuee Sakshaug lad wed. It was assumed datthis paticub roultue was tes pomi bk
for the good epe formationand the jndividual taste o the experimental cheeses. Reseach was begun to optimize the
wutjres for culture production jnthe volumes that would be necessary for both the mseanc holeese develppment and
ako Fl;al:enl:j: Iy jn comimiem fl F'u;::l uction. I nde |:|H1 stud s of the mji:m'lg: M, | nc|u:|jr.|ggmw th eordjtions and
mnrplnlugr, wers conducted . However, this work was not Fu'hl,'slt'd a5 jt was sim |:||1.' ':Egmﬂed a5 labomtory work ajmed
:t:clw'jng the mecemany greatest P;ssj'hle stahijlity jn the full sma e o heesemaki rg. The bbom oty dam from this work s
notavajbble today, but Profesor Stmnd, e of the authors of this book, participated active b in this work. The work
was hrgel: organized and ked by asociate professor in Dain: Technoksy, Eding Brandzeter.
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In order o select mobust vatants of the stmin, Bramdseter cdtivated the strajn on variows agar 5 ubstrates and
sistematicall selecbed the h'lgt-stmh ries that dﬂ'ehped."ﬂfﬁ wiotk resuled in the selection of a cultue that was mooe
salt-tolerant than the m:igjrnl cultre, The modjfed cultume so obmired B the same as js wmed in todars |:r|:nd uction, and
5 rot mrticubrly inhibited by the st conce mtmtions found in cheese. This sekection stmtegy, aimed at joceasing salt
tokTance, wis recessary o produce a culture of propionitac e suinble for adding to 0 Gowda -type cheese.

Prypicnibacterin are micmastophilic and therefore thrive in anatmes phew with kss oxgen than in ajr. For cultivation
of the culture, jt was therelfore mecesmry o estnblghan emvironme nt that was as amemhic as P;:ﬁjHe. I addition to the
w5 ] wiork |;:|"|:||: I;jng out onordjirmn Petr digles, vatows methods were jntopduced to te Dajn Irstitute by 1."5j|;jr.|g
Resenrcher D Gemg Reinbold from Lowa State U njvers iy,

It was sk important to jnvestignte whether other strajrs of propionilactetia could produce cheese with the same
charactetistics. Whik visiting the Imstitute, Dr. Reinbod colbbomted in chessemaking experiments using anctlerstmin
of propicnibactera fom Ametia. This new culture had 3 comparativel wea k CO2 produc fion. However, the msults
were not promsing as the cheese produced wing this cultuee had anatypial taste,

A mum ket of strajs of o Pj;mjbﬂi:hﬂ:i: lad been pobted jnthe Dajey Lrstinae’s Section for Chemijstoy, Bac hrl:'p;ah;:gl:
amd Market Ml "_I_'ec|1.r.|;:|n;:g|.'. Arre Henrilk Stramd cord vc ted sjngk' i:|wt-.;trn:hingex|:|eﬁ11enls u;jng ter of thess
Eobtes, but mome of them resulted jna cheese with o desjmhbile I.'|.'|:|j-:=| mzte ard eve Fommation. It was the rehore d ecided
that the devels prent msearch s hould continue wsing the stminSaksbaug had wsed inhis MSc mseax b, but o mone salt-
tokerant vatinnt was sekcted. This propionibactetin culture was majnmjred ot the Istitube’s bboratores for many years
ard propagated for we in commercil cheesemaking. The Research Dajry at the Institute functiored a5 2 “control damn™
fior the cultuee up until the 19905 becawse one vat of Jadsberg cheese (4000 litews of milk) was produced dajly in the
dajry. This cleese I:m;p-:l 1o tipn was close b followed, Furl;ji:uh'l:h' TEm 'u:|jr.|g the Fmpj;;mjhi:hﬁjn culture's furction and
F'D;:Fetﬂt-.s., ared jnthis way acted a5 a qin lity assummce Fm:]:thbeg cleese F':l;::lu:l;j;;m in the whole of Morway. The
Instjtute contimed with these “contoml F':l;::an:l;jam" |.|.r.||;j|_'|'|.|.m' 1993, by which time TIME lad mken over 'I:t'EP;!nEj]:ljljh'
for |:r|:|;h:| ucticn of the cultome amd the |:r|:|;h:| ucticn ﬁFJﬂtlsbt"l:g chere jn the Research Da iy was thetehor deemed no
longeT recessary.

studies of the technol ogical factors important for the quality of jarlsberg cheese

Diurireg the ten yeats Ysignand coms idered was the period it took to develop Jarsbens cheese as a specific cheese type, a
series of chessemaking experiments were conducted . Motallofthese wer moorded with publication inmimd, but
bboraton moonds ae available fiom at kast ejght experiments that took phee betweenthe autumn of 1957 and June
1958, This regearch aimed at discovering the optimum chessema king echnology for Jadsberg cheese, The experinents
jrc luded the addition of salt and njteate to the o leese milk, sl;i'n:jngnn:l [ I;jng lcml.jr.@ of the chesse jnthe vat,
VATIILE 5 tomge ard tjpenjng i mipe mives ard the 15e of imtermed pte and teFl:ig"l:: ted 5 tomge of the chesse belpre
w::-;jng. I additic n, this hapjc was studied jr several MSe reseanch theses and gther mseanch Fmitfls.ﬁ;;:me of these uill
b deseribed jn bter cla plets.

It gradmally became obviowe that it woukl be strategically umwize to publish tos much of the work on the
development of this rew cheese type. Too many technob gical details would be made available, ard it would
be in the interests of the Mo reegian dairy industry o keep these details gecnet from pozsible oo mpetition. [my
bl font, for err||:||'u$'5] For this reason, only some esam Fk's of o the pLre dee hl:l.'nenhﬂ msear hwas cond ucted
will be deserbed bere and onbe Fu'h|js|1t'|:| T poirts will be cjted . Fist, a short jmmsd uction o the Fh nnjr.lguF the wTiows
= Pe"l:imen E that com F'nse\:l the actiml deve hl:l.1'|er.|ln| mseam nF]:'l: hbﬂg chesme 5 meeded .

the design of the experiment s

The msearche speTiTents that wer comduced o esmbliph the o ptim um clwstm:l:jr.g I:eh:lmabgr Fﬂ'l:]-!'l:b;bt"l:g chesme
took place ata tive when expetimental desion, statisticnl datn treatment and, not kast, the technjcal equipment for doing
the cakulations were just developing, Of coumse, the statitical theories we e estmblsled much eatlier, ard some of these
theories weme in fact treated a5 “Top Secret” by the Ameticans during Work War 11 During the 19505, however, several
good statistical textboo ks were publibed that made stati fics accessible to mseam bers who did not lave much ofa
miathematial ]:ui:l:gn;:un:l.ﬂml:s suchas E.\?rr::'m'r.u.lu.l' .ni-s'g.u. Eﬂg'nuu'.n{b;&m'nu b Fedemr |_'|I:I:|1 Fatietia’ Methads by



Sredecot |_.3|f|] ard E.'\?u:'-:l:-r.u.f.u.l' De.':.@ by Coclranand Cox [‘;lj WETE & 331 Fles ofstatitical texthools that |;=|:|er.|e|:| up this
fied. These bools were tsed a5 eherenes books Ffor |:||= r.|r.|_ir.|g the research at the Dajn Irstitute jnthe 19505 amd 196805,

At the Agricultum] Unjversity of Motway, two peopk who were particubrh jmvoheed jn the development of skt tial
mathematics ard expermenta] design wer Pmfemors Per Ottestad and Oyvind Misen. Ottestad was Profesor of
Mathematics and was particubrh concerred ot ex perimental datn be treated jnoa way that was as ma tematjcally
cotmect a5 possible. Professor Misen, who was Professorof Hortie ulture, was pethaps more pmctically orientated than
Oittestad . Hi migdjfication of cetlminstmtigtical me thods rsulted in mew shtistjcal proEmIms, jr.|-:|u:|jr.|g the imtermatiomlly
kmown FDB -y ard B stmt. Both Otesmd and Migsenmade vahmble contg butions to the dea,'gn of the mlatjvelr |:1g\e
i:|'|ee5ern:l:jng Ex |:|e1:|me mbs at the Dajry Institobe.

At the mme time as statistionl ard ex perimental desjgn methods were being developed, there was an enoomos
development in the tec hnology for performing the necesmry eakubtions and lage amowns of dat could mow be
armhzed whtively quickly. The advance was first mechania | a5 more advanced mamal cakulatons wer developed, and
hter data copuld be ambzed electronically, During this peticd, a progmm for warance amalysis was wiitten in Fortmn 11
at the Dajne Drstitute, The proEmm wag dea'gned for the & nommows i::'l:d-Fu.nch miachijre sed by Poofessor of Angmal
Hugbardry, Ham H 5k 're'l:u;:h:l.Usjr.lg this T ard the awmjhhl malocubtor 1) uj|:|.'ner.|r., it was Fl;:ssj'hh' to corsidembly
5 haorter the |er.|gH1 of time mecesmry to caloulate the som al"sq wates for up to fve wmrpbks . A mom bt of e
elt'esemnlcjr.g X peTiiTe nts that wer comduced jn the fimt lalf of the 19605 wee desjgned by sty the efhect of sevenl
cheesemaking fictons on the quality of cheese with epes.

All of these ex petime nts uwed the mme design concepts amd wem based on the mew ex pettise in expetimental desjgnand
data amahsi of multivatiate expetiments at the Agricultum] Unjversity of Morway and the Dajry Lostitute, The woik B
published a5 reports from the Da oy Log titute: Four of the mports concern the making of Gouda -prpe cheese, amd one
deseoribes the I:ec|1.r.|;:bg|.' c:Fm:l:jng Su"ﬁs-h'Pedt'\ese froem pas termized milk.

It qujcl: h became gbvigus that the q waljty ﬂF_T!'I: E;be'lgd:l'leese wag dependenl: an oo well the menbolEm of the
propicnibac teth culture was comtmlled durng the cheese tipe ning. [t was therefore mportant to gin an unders tanding
of how this coukd be regubited by technologia | factors during chessemiaking, Propicnibacteria ate semsitive to both mlt
ard aci, and s regulation of the salt, water and acidity leve ks in the chesse would optimize the desited propionic acid
metabolian. In a lagge cheesemaking experime nt, the effect of the following fictors on propicnic acid femmentation, and
them by o heese e lity, were studied : dilution of whey with water caleulaed as a et emtng of the cleese milk vwolorme;
addition of salt to whey calcubted jn g,"'ll:ll:l lite s of clesse milk; addition of nitate to the clesse milk calkulated as
g,"'II:II:I liern of clheese milk. Four kvels ofeach of the thme ex |:|e1:i|.11er.||:l| varjahles weps med, ':e.;l.l]l;jng in il
comibjratjiors . The cheess were made jn mrdom ooder. Fourc leeses u'ejghjng abeut 10 J-:g were gpbmjred from each
vatcontajning A00 liters of milk. These were then brie salted for different kengths of time . The mamber of days in brire
was themtome a sub-plot Actor, o tetminokgy wed inagrcdtum] wseaxh (36).

Results from this reseanch weme publihed in o memeril vohame for Professor Yatgard based onsome of his writings
which wer npt Fub|j5|1ed due tg his untimel death. Two hurdred exam FE-.; of the ma ALECT jpit WeTe |:r|:jr.||:e1:| amd sent o
cloge m”eﬂgl.les ard frjends of Ysbg::'lﬂ. I the Fn;:lhwjng pamgm |:||11 a 5hort summan of the work described jn this

ma r.||.la-:1:i|:||: will be F':m'jde\:l. It &, however, j.TIFI;!'I:I! rt ty e this wiork to jlhetrate hoor the cheese was dex'ehped..r'l.
mior statisticalh orienm ted Fuhlj-:: tion of this work AT PTEES 4 5t tisticala mmhsis of 25 cleeses F':l;h:lu:ed in the
fciornl experiment outlined above (41).

Anexamplk of the tse of Amlysis of Varance jn this experiment is shown in Tabke 1. The Table shows the effect of the
experimentl design factors on the soores given by four judges when amessing the genenml quality of the cheese. The
tahle shows that the addjtion of nitmte, whey dilotion and b njr.lg time had a ajgml"j-:: it effect on the gene'l::h:lm lity of
the cheese. It canalsg been seen fom the Table that there 5 a s'gnjl"j-::ntjnhet:i:ﬁ;m etween h'l:injng tire ard wher
dilutign. Thi mearns that the e fect I:|'u|:h1:jr.|_ir.|g tirre lad onthe soor for gene'm| qm|j|.1.' gj'l.'en by the iu:lg's was
dependent o the d egmee of whey dilution dur g cheememalj ng.

In the sttisticaldat armbysks, Mean Squames of the thee and four fictors interactions were wsed as o nestimate for te
eTton wmrpnce . Furtler, significant ef fects were divided into linear, quadmtic and cubic compo rents which were then
tes bed Forsignificance, However, because somany Favalues weme cakubted wing the same estimate for emor varance,
Oittestad s method for cormction of Fovalues was tsed. The statisticnl amlisis of the datm ako jncheded teg_'mr,sj;m
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arahsis whem all effects ajgmﬂ-:: mt ata o kvel were jocluded as e:-:|:||:m tory varphbles. This rehtively exters jve use of
mathematical siatistics for the amhs i of ex Pt"l:j.Tlt' ritl da . miade it Pa'saj'hk' h;h;apl;imjze thee |:r|:|;::| uctian I:ec|1.r.|;:|;;xg|: of
]:t E;bﬂg cheeme jma mtigral war. The method oo made jt P:mj'hle oy urdemmnd hiow tlwexpt"l:i.'nenu | mictors a Fected
the cleese quality ina way not previowh possible in cheese reseanch,

some results from the cheesemaking experiments

The cheesemnking ex perime nts described above were conducted in 1961 and comprised 64 cleese wats and the ambsi
of 256 cheeses therefmm . The majn experimentl design factors were: the kevel of addition of nitrate to the whey,
dilution of whey and the kvel of salt added to the whey, Brining time was 2 “sub-plet” fciorn Allof the fictors wen
vatied at four kvels. The resuts that provided the basi for the statisticala mabses wepe from the following anahses:
1. Amhsis of whey and fresh cleese
 CH jmwhey |:|]-|.1!I|!]:|L!' :i:jdjh.fl
* pH in fresh cheese
kg fesh chesge pet 1010 1 mijlk
2. Ambsis of matue cheess
* Cheese pH
# 04 mlt jn the cleese
# 04 =it jn cleese mog e
* Saoluble njr:-;:g'n,ns Uy of total njru;:gen
* Aming njtrogen, a5 %o f total njtogen
# Tovtal conce ntmtion of volatike oTgAni acids [ml .1 K0 gcl'&r,e]
= Acetic acid comtent (ml 0.1 K200 gclﬂr,e]
* Propionic ack comtent fmil 0.1 B /20 g cheese)
= Cheese dpmeter (om)
* Serson; amesanent
o Gememlquality (seake 1215
Eve fommation [sc:h:' 1-15)
Mumberof eyes [5m e 1-5)
Size of eyes 5ok 1-5)
Cracks scake 1-5)
Ciors Etency [soake 1-15)
Taste and awma [scale 1-15)
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The critetin assessed by semory evahation could be exphined by the design variables and the vatiows ambses
Fetﬁ;am'ltd Some of the anahsi esults are desorbed below to show how results foom this kind of wodk can th'j:le
infommation on the q wality clatacteristics of o heese and them by be wmed o npl;j:njze the c|ﬂ-.;tn1=kjng I:ec|1.r.|;:|;;&g|.'.

Titratmble acidit, e F'I:tﬁt'd az "SH, was measumed jm the whey at the end of clﬂ-stmnl:jr.gnn:l F'mllt\:l toy b crucial For
cheese prvperties such a5 cons Btency, epe fotmation, tste, amxma and gerem] quality. However, the pH jn the fresh
cheese did not provide a satsfactory exphmtion of the watation in the quality of o leese from the different
cheesemakings. These msults showed that SH was mome miportant tlan pH a5 2 pometer for predicting matume cheese
quality.

experimental design factors

The experimental design compried the production of ¢ heese without the addition of nitmte and with nitmte added at
three kv k. Addition of nitmte § 2 well -kngwn technjeal ajd jr.|i:|1t~e-.9en'ul:jr.|g tor avoid butytie acid ferme nmton. BubTic
acjd femmentation jnchese 5 due to the oW th of sp;ne-ﬁ;nmjng bacterin jrithe B L (st dion, so-callked buteric acid
bacteri, and the 5 Pecjes e tren feomr g-.ﬂmga'fm'.m"s the most common jn chesse. Growth of such backeh jn clhesse can

= mder jt tomlly jredible, majnh e |=1§' amgunts of bubtic acid a foomed . In addition, s much |11.'d'u;:ger.| B
procduced that the cheese structure & destiored . Unlike COZ, lndrogen B not solublke in the o leese mois ture and Inmge
hokes and cmcks ae produced in the cheese. The effect of adding nitrate to the cheese milk was depe rdent on the
preserce of butytic acid bactern jn the milk and the potential for them to deve lop in the cheese.



Dijlation of the whey dur r.|gi:|ﬂ-5m'|:l:jr.|g was angther ex Pe"l:imenlﬂ factor, Whev dilution B wsed to reduce the amount
of hetose jnthe cheess cumd at the end of clhessamalj g, Thi E dore h‘dt:jnjng off o specjl"jc amgurnt of whey after
i:ul:l;jng:n:l stirrng. Water then added, vsimlh about the mme ag the amount of whey remoeed

Lactose js the source of hetic acid production by betic acid bactern added a5 a strter culture . Reduction of the betose
comtent by dilution of the whey B this a way to mgubte cheese aciitr, measured as pH. The acidity of the fresh cheese
B important for the developme ot of chesse quality patameters sichas taste and conss tency . The microbiclogicaland
i emijeal P eRRes that gocur dl.u:ingdﬂ-se tjpenjr.lgg'l'e the cheese jts thvor, cosBtency amd eves [in those clheeses
that ate meant to lmve eres). Tlese processes ane 5I.1:|;:r.|g|1.' affected by the |:|| | of the fresh cleese.

Diilution of the whey a5 2 method o ':Eguhl:e e coment of betose and theteby hetic acid in the chesse was fimt wged jin
Momway jmthe 19305, Before that, the cheese was prevented fiom becoming too acidic by employing a higher cooking
bern pemture jn the cleese vat, there by limiting the amounts of whey and thus betose that were whimed inthe cleege
cund, This process produced a bard cheese with rebtivel high dry matter content. Emmiental cheese 5 a typicalesampke
of cheese that are produced wing o high cooking tempemtu: at the end of the stiming petiod to expel more whey from
each jrdjvidiml o beese cwrd cube, The abijlity of the cheese cumd to withbold wher orits P;:I:enl;jﬂ by cpmtmet and expe|
wher B deper.l:le it termn peT e, F‘.:'ﬁjng the i:ml:jng berm pem e result jnles wher in the chesse cund and this gjl.'t-s
a harder cheese.

The addition of water i the cheese whey allows for regubtion of the cheese acidity without simultanecusly © bang ng the
kevel of mok e jnthe cheese. Using such tec hnology, a cheese with lowerdry matter and 1 softer comsstercy &

prod uced without the cheese becoming tooacidie. In an acidic cheese, migtobiologia land bioe lemijal metbolim of
boiose, fat and protein proceeds ata muchslower take and can even be totally inhibited. These meabolic processes are
egse mtial for dﬂ'ehprnent of the chamoter stic F':-;:Feﬂ;jt-.; of tlwc|me.ln]:tbbﬂg cleese, the metnbolic comesion of
heticacid o F'u;apj;;mj-: aci, acetic acid ard CO2 by anadded cultuee of Fmpj;mjhi:hﬁjn is very j.'np;:'rl:lnl:. I 19649,
Ysbg::'lﬂ Fu'hli;h'd anartick fom stodies conducted at the Da o Lrg titute whetein e showed the ﬁpnmme of the
degwe of dilution of the ¢ lesse whey on the fqua lit of SmallSwis, Morwegan Gouda and ]:t H:ﬂg cheeses i),

The third experimental fmctor was the addition of salt to the cheese whey . The addition of salt inthe each smges of
cheesemaking affects the growth and metnbolpm of the lactic ackd starter culture, The growth and metbolsm of
prpicnibac tetin ave oot only sensitive tosalt, butalse toaci. Saltaddition to the whey can therefor be expected ©
lave aneffect onthe activity of these bactetin dl.u:ing i:|t'taaen'ul:jr.|g.,jr.| the fresh cleese and dl.u:jng'l:ipenjr.lg.ﬂuh:tj-: acid
bacterin ame corsidered to be rehtivel salt sersitive. Lnaddijtion, a |I:|1;:|.g|1 theie 1.'t-§'bl|;j1.'e celk are destogyed by

pas tevrization, the s pomes At ot a frected . [t was ther oo m poTtant toes tahlish the cond o res d Lu:ing c |ﬂ-.;trml:jng
amd jrthe feshcheese that redues tlwspaws‘ p;sl:enl:jnl for genmiration amd deﬂ.'elnp.'nent int vegetative cells. .r'l.ll:lnugh
the spores ame very salt tolemnt, their gemmimtionon be prevented by low salt concentm fons. The additionof saltatan
earh stge incheesemaking, for exmmple to the whey, can there fore belp control the growthad activity of butytic acid
hacteri jnthe cheese.

The addjtion of salt to the whey can atfect the F'u;::h.n.'l;j;;m of hoticac i by the starter cultuee. This willaffect the pH in
the chesse mass [casein] arsd jts abijlity to swell arsd hind waker. Low kvek of salt both stimubte the gmu'th of hetic acid
bacterm ard jrceemse water 'b_in:ljngjn the ¢ leeme curd and swt'”jng of casein. Comersely, greater concentra tiares of salt
will jmhijkijt t hetic smrterand redues water 'bjn:ljr.gnn:l swell_ingnchej ni. Brire snll;jr.lgjs gl b wped for semij- laod
ard bard mennet cheeses such as Jarkberg cheese. After pressing, the cleese B tmrsfemed to brice that js akmost
satuated with mit, vsually 20%, atabout 10°C. Brining e, however, vates according to cheese trpe and especilly to
the size of cheese. Large cheeses meed 1 longersalting time jnorder toachieve the meceman fiml concentmtion of mltin
cheese moktre, In the chessema king expetiments described e, brining time 5 statitically consid eved 2 “sub-plot™.
Clheeses were removed from the brire at diffe ent fmes, Fn;:”m'jng the same paten for all cheese ex Feﬁ'nenm.

the effect of nitrateaddition to the cheesemilk
In these clﬂsm'ml;ingexpeﬁnenls, butrtic acid ferme nbion tht'd rigt o ke a great F':l;:'hlm'l..r'l.m;;ar.lg:u the cheeges
F'u;:dl.n:t\:l,nn]1.' bwr weTe ||.||:|§\:| toy b swollen, an indiation of buhtic acd femmenttion. Lo both cases, this oocurred in
chesse towhich njtrate bad mot been added . In cheeses whers njtrate lnd been added, 2 ckar conmection was seen
bertwesn imcTeasing nitmte concentmtion ard a reduction jnthe amouant of 1.'|;5h|;j|r.-'n1:§ njc acids formed jn the cheese.
The propicnic acid ferme ntation was also ckady inhibited . The ambrsis ofdof showed o statistien I significant

&



imteraction between the addjtion of nitmte and wher dilution. The additon of nitrate jnhibjed F':-;:Fj;mjc acjd
ferrme mation, but when the whey was diloted, the concentration o F njtmte jn the whey and the cheese was alsg peduoed .
A further effect of whey dilution was an jncease jnclbeege pH.

Whey dilution stimuated the growth of the popionibacteri to s1chan exent that the inhibitory e fect of nitmte
became kss evident. Inemction between nitrate addjtion a md wher dilution lad no demoms tmble & ffect o the

prod e tion of propicnic and acetic acids by propicnibacteria, an important jindication that this activity was proceeding
rmommially. As o msult, cheese to which nittate was add ed obtmjmed a better soome for gerem ||:|m|j|.'|.':r.|:| ere formation
than cleese made without nitmte addjtion. The amma amd mste of the clesse were 5ul:|t"|:j;:rr., with imtemmedpte kevels of
mjtrate addjtion and whey dilution. The comclsion was thetebore that both oo miuch and too littke njitate bad a m-gl;jl'e
affect o the chesge oL lity.

In the production of Jarkberg cheese it & important to note that the effect of adding nitate is onb evident i the milk
wsed contiing relativel: brge mumbers of spore-fomming bubtic acd bactetia.

the effect of whey dilution

As expected, dilution of the whey with water during chessemaking gave a higher pH jn the fresh chesse, This incoease
was linear with mspect to the dilution leveland, in fact, approsimately 7% of the varition of pH in the feshcheese
could b= exp hjreed by the effect of wher dilution. The |:|| | jrthe mature cheese was alsg sgmﬁ-:: ritly a Fhected by whey
dilutigr, bt this reh I:j;mshjpw:s q wadmtjc. The djfferencs betoesm |:|| | infreshcheese and ':jpened chesme jncreaged
u'jl:hjr.h.'l:ﬂajrxg wher diluticn.

Arahsk of protein breakdown in the chesse during ripening showed that whey dilution had a significant & fect on the
tipening process. Lo this type ofstudy, itwas sl to follow cheese tipening by measuring the amount of so-ca lled
soluble nittogen and aming nitoge o, The amount o fsoluble njtooee o, expresed a5 2 peoentage of the total pituogen in
the cheese, gives an indication of how much protein has been broken down to peptides, whik the amount of amijng
njr:;;:g'n shows how much Ft;;ahejn lms been com FE'I:E b booken down to amiing acids.

This study showed that the soluble nitnogen content increased with whey dilution. The resuts ako showed tdat the
AT Nt level wers simjhrh affec ted, except that this whmmlﬂp was lime=ar. p‘l:ﬂpbﬂj]:ﬂftt"l:i! metm balize hetie
acid to propionic aci, acetic acids and CO2. This is clhamcteristic for Jark berg cheese and propionic acid was the
vohtile organic ac i measured jngreatest comcentration. Certain hetic acid baceth canabo prodice acetic acid fom
citrate maturaly present jn the milk. The amount of acetic acid in Jarkberg cheese 5 themfore a ways slightly higher than
wiztkd be expected from just the propio ok metabolsm of hetic acid, The study showed that the concentmtions of
F'D;:an;mjc acjd ard acetic acjd jrcreased q wmdratically with whev dilution. This is to be ex Ft'cl:e\:l, 5 jrace F'u;apj;;m,i'hui:mj:
ate sersjtive to acid amd whey diluiion js 2 wseful I:ec|1.r.|;:||;:rg|.' tey it the acidity of the cheese. The study ako 5 hooed
that jt was P;&saj]:-lt' by ac hjEve maximal F'mp_p;a njc acid Femmenttion by oom bing rg A pat ticuhr leve ] of whey dilution with
a Fu'rtj-:u]:'l: birinj rig e .

Whey dilution significa nthy a flected all of the sersony poperties of the cheese, and the comsEterncy was best when
modemte dilution was wed. Too littk dilution gave a bad and crumbl cheese; too higha dilution gave a rubbery
cleege, The effect of wher dilution on the score for taste and aroma in the ohesse followed similar tremds on the wholke,
ared the terde oy 1o foom cmels was cleatly red ueed b'l.'jn-:msjng dilution level.

the dfect of salt addition to the whey

The addition of salt to the cleese wler ako lad a E,Enjl"j-:: rt effect on the results of the vatiows amhses that were
conducted .

As expected, the amount of salt jn tipe red cleese increased with increasing addition of salt 1© the whey, However, this
mesulted jm slower tipening as the amount of soluble and aming nitogen deceased lineatly with increa sing st ad dition
tor the whey, indicating o weaker protein breakdown. The production of propionic amd acetic acids was abo stmongh
mdiced by the addition of mit to the whey, indicating that the propicnic acid feomentation was stoongly inhibited.



In cheeses witha low |:|| 1, |1,'E|1 kvels of mlt addition to the whey r.wg:l;jveh' affected coms B tency and favor, but, jFthe
chesse was ks acidjc, the efbect on s te was P;:sjl;jl.'e and cors Fte ncy was not affectsd . Az the salt level jn the whey
weps jrcrensed, the g_'mde'l:s myvbesd that the o leeme mom often lad o short and e comistency and sourmste, bt that jt
was kss often bitter. The score for the gereml cheese quality did not seem to be affecied by the addition of salt to the
whey.

the effect of brining time

Matumlly, the conce ntmtion of @it in the cheese jnceased witha longer brining time. The mte ofsalt uptle was
greatest during the Fist hours in the brine, As the salt conce ntmtion jn the chesse incpmsed, the jincmase in pH during
tipening was reduced and solublk and aming nitmoee ndecmased. A wed wtion in production of propionic and acetic acids
was ako nhmted,gj’vjng a clar jrdjcation that salt jinhibjted Ej;ahgj-::l activity in the cleese d |.|:|:jr.|g 1:i|:|er.|jr.|g.

These observations have a clear connection. IF the propionic acid fermentition B inhibited due to increasing mit, then
=z hetic acid B membaolized. Sjmce both oo picric amd acetic acids ae wenker than hotic acid, a greater am unt af
rermajning betic acid will result jin o more acidic cheese. Inaddition, inhibition of protechsis duwing tpening due to
increasing salt comentmtion leads to a ks pronounced jrctease in pH than ooours jnchesses wlem protechsk B more
active, Thus, both weak poo picnic acid feomentation and reduced protechs i will wesult in a mor acidic mature cheese.

B njr.lg cleatly affected most of the = mmorvatrjbutes . An jmdeqml:e En:injng time resulted jnthe foomation of wor h'lge
ETES, j.'n|:||'|.'jr.|g that the Fmpjnnj-: aci ferme mi tion was too active. This clearth shows that st can b= weed o comtml the
P picTic acjd fEemmenmtionat the desjmd kevel. I ntemetjon was observed betpeen 'h'l:jnjng tirree amd whey djhition, and jt
was P;saj'hle tey jde mtjfy the optira leombiratiors of these motom tl':l:nugh thig work . The combijmtiors that gve
optimal eve formation ako esulted in the bestsoores for quality . An optimal combimtion was ako found for the best
cheese fhvor.

All of this expetimental work made jt possible to amive at combimations of whey dilution and brining time tat produced
the best quality Jarkberg cheese and wag thembore jmportant for the rther development of the Jark berg cheese
bec|1.r.|c:|;;:g|:.

someindividual studies on jarlsberg

Bath d Lu:ing:nd after the majnresearch amd deve hl:l.Tlenl: uF]:tlsbetg chesse I:e~1:|1.r.|;ak:g1', watious smalker studes wens
comducted to sohe F'u;a'hltms thata Fpe:m:l d LITireg the ma jn o leesemialj ng ExpeTImEnts.

The team that studied Ja ok berg cheese developme nt was ako interested jnndjusting the technology to wriows mew
technclogical advances. Simibth, mew methods of amls s wer employed to study the cheeses quality attrbutes | Some
of these sma lkr mgeawch experiments will be deseribed jnthis section inorder to give an indication of how the reseaxch
ey jrorme nt at the Lrstitube was concemred with 5;;:|‘l.'jr.|g a success ien of q 1Estio s of im poTta nce for the dﬂ'ehl:l:nent
ard commerchl mtion nl"_]'n'l: Ehﬂg cleege.

an unusualtasteand odor

Im 1965, anartick entjtled “LIomves I:,g ticrs of an umeswml odor and Aavowr defect jin cheese™ was Fu'h|js|1t'|:| lll:l] Later,
further wiork was dore on this debect inooder to chriby the coge of ths umswml F':l;:Hm'l |.-3';|:| A |:||t'r.|m1e rizn had
pocurted for several vear from 1958 — a very diptinctive, bad odorand tse jn ol and semij-land cleess jr.|-:|u:|jr.|g
Jarkbers cheese . This defect became o very setiows problem for the daities producing this trpe of cheese, and jt was
economially very mportant for them that the cawse be dentified and elimimted. For o pericd in 1958, all cheese
procduced jnthe Research Dajry land this defect, inchuding all the expetmenta] productions of Jarkberg cheese. The
defect was noticeable onhe after a whike, amd by the time e chesse was two to thee months old, it was vervr distinct An
oot dﬂ'ehped that was remingoent of cat urjne and was known jn the tmde as “catt flavwoe™ |_i:|:] When the “cf defect™
was jm'tsl:}gl:ed, it was dicovensd that it lad F‘I:I‘."l.'j;!LE h pecurred jnother countres. Sevem| clheesemakers rehted that
the dehect mppt\:l up fooems tieme b time and then dia Fpﬁted jLEtas !]:ﬂ.'LIFI:I'I.‘ a5 jt had come . Mo o undemtond the
cage of the defect gr which chemim |mm|:|nne ik weETE e Fnr.sfhle. Prkmor _]’nlu:u; Froem the Depﬂment af
Agriculture jn Ontarts, Camda visited the Dnstitute jo the autumn of 1962, He evahated the “cf cleese™ and said the
st was dentical toa defect that had gooureed in Cammdian cheese. Later, jnoa leter foum the same imstitution in
Carada, Pofesor Irvime confirmed that te defect had often affected Export C heddar Froom 1959-1%0.



In addjtion to sl:u:h.'jng I:|E]=1:H:¢"|:g cleese F':l;::lu:t'd at the Research Dajne, cbeeses with the mme clame et tic fhvor
defect wepe submijteed Foom other dajries . Documentmtion of the jncidence of te defect 5 howed that, even withinome
day, a 5jr.|g|e dajry could F'I:cdu:\t'i.'lﬂ'st' bzthi weith amd without catty Flavar. It was also m-g'sl:ﬂed that the mste was
stoongest jn the outermost hyer of the cheese, but that te odor varied . The texture and consistercy of the cheese wee
mommal, but they noticed that cheese with the of defect always had o datker yellow color. In trying to understind catty
Aavor, thete had always beena suspicion that sulfur compounds could ke jrvalved. D silver chioride was added to gmted
of cheese, the odor dappeard, an indjcation that sulfur phyed 2 part jn this taste defect. Gas chomatographic ambs i
of steam ditilates showed that of clesse oot jred |1_'E|1e1: concentrations of vohtik fa 3o nic acids than noonal ¢ leese.
More jmportantly, the chopmatogmms fom mmples of of cheese ako showed 0 hrge specific peak that was barely
visikk in mm Fk's frnm mommial clesse, jndica I;jng thata 5 Pechji: i:;;ampal.nd wns TeS P;:r.ﬁj'hk'. The mste could ako be
mmoved by vaciem distilhtion of the fat from of chesse.

A stmin of Sresraresss el subsp. Ligoefeens and an unidentified veast were jsohted foom sevenl samples of of
cheese. Both of these micmorgankors were then wed jn cleesemaking experments to test whether they were
wsposible for the flaver defect, Although these cheeses wem not of good quality, thew was oo hint of catty fhver

Some of the rsults from these studies indjoated that the cavse of the defect lad r.l;al:|1jr.|g ty dip with the mill, mijlk
|'un:||jr.|gm the ac tn |i:|t't-5erml;ir.|g, ard that the de fect F‘I:I.',!h'!bl'l.‘ |:|j|:| ot lavea d:j‘l:'l.'-'l:ehl:ed i::l.uae.Sl:u:lje-.; [y canred
meat kad showed that I:|1en;:m|:|aun:| mesity]l oxide could react with sulfr amd form the AT ud 2-meTon phz 2
methyl-pe ntnne -4 -ore, which gave the meat a typical eatty flhvor, It was shown tha tmesity] oxide was present in the
vamih on the irside of the cars (29). Research was then initated at the Dajne Irs titute wheteby mesity] ouide was added
to the cleese milk. Mejther the milk nor the fresh chesse tnd o catty fhvor, butafer 14 days” tpe ming, the disti sctive
favor developed jnthe cheese, Anaddition to the cheese milk of tiny amounts ofmesity] cxide, a5 low as 0.1 ppm,
msulted jn cleese that was easih identified by 100 dajno Fem;;mnﬂ whip were 1sed a5 hsters.

At that time, one par ticubr dajny had F‘I:ﬂhl!'l.‘l‘ls with catty ﬂ:u;rl:jn]'nk.bﬂgdﬂ-se. It was dcoversd that the dajry bad
meenth re-varng bed the shehes jn the F‘.jpenj g Rosumis, amd anamahsi of the vamigh showed it to oot nmes ol

ox e, The considem ble incide nece of the of defect incheese from 1953 to the beginning of the 19%i0s was bter exphjred
by tmees ofmesity] oxide in the plastic of the momet contjmes. From then on, it was moommended that there be no
comtact between the cheese and vamih, paint asd plastc materipk tha tcontired mesity] ooide 50 a5 to avo i the oty
flavor defect jn hard and semijland cheeses, like the mewly developed Jardlsberg cheese,

the effect of copper on jarlsberg cheese

In Switzetland, Emme otal cheese js tmditionally made in copper vats whik stinkss steel vats am wed for cheesemaking
in other countties. As u'jl:|1_'|'=1:|5'|:|t"|g cleege, gl:m‘th of F'u;apj;;am"hﬂi: EIR B vernr im portimt for the claractets tic

F'D;:Fettjt-.; of Emmentml. In the studies nl"_]':thbegdﬂ-se btf|mbg|.‘jtw:s thes fore of jnEmst to jm-esl;igl:e the effect
af COPPET on the deve hl:l:nenl: af Ftnp,i;:nj'hﬂcbeﬂ: in cheegs, K nuu'|t\:|§' was reeded a bt the effect of COPPET o the
comersion of betje acid o P picmic acid, acetjc acjd amd carbon digxide, and whether COPPET in the mijlk woadd lave
an effecton the cheese quality. Tomstad studied this in his BM3c thesi at the Dajn Ins titute (537,

The problems asociated with catty Fhvor were genemlly known at the time Toonstad's thesis eseatch was conducted
although the cawse was not pet elucidated., It j5 worth noting that it was suggested inan eacler study that the addition of
COPpET b the cheese milk could FI;!EEj]:I'I.‘ bk e lemipal toms formatiors that could kad to off-mstes in clesse tll:l]
Gemman shudies had shown that the addition of amall amounts uFmFFﬂ by the cheese milk j.'nl:rml'e.:l I:|E|:|m|jl.1.'nF
Emmental becavge jt F‘I:t".'t'nl:t'd a fhvor defect that was vam jnjsee nt of |11.'|:|1:|;:ger.| sul |:||1j|:|e |_?'I] Horwever, jt was ako
Fmaj'hle that the addjtion of COppET wiuikd regn tiveh affect the e lity ﬁFJ!'I:lEbEE chesme,

Toorstads BEc thest was not com pre bers ve e nough to draw cearconchsions . Meverthe kss, the msults 5up ported
what was already known about the 5igni fica mee o Foop per for the quality of chesses produced wsing propionic acid

ferme ntation. Low concentrations of copper in the cheese milk, such as 2.3 and § ppm, did not have a negative effect on
qmljh'.‘n."i'ht'n |1,'E|'E1: concentations were added, the clesse showed o ere formation afer three montls” 1:i|:|e njr.lg, Tt
it was satg Boipoy a fer 4.5 months. A I;jnge of bhe color was m-g_n;l:em:l i the guter bvers of the cheese. The conchus ion
tey this work was that COPPET migst likely retmded the mj-:'u;:bj;&h;::gic:h rid B bem jeal i:|'ur.|gt-5 jmthe mijlk such tha t the
Ti pening was someEwhiat delaved . Mo conrection was Found between the addijtion nFanFﬁ amd catty Favor.



early brining

The peticd folowing 1960 saw grat technological advances in molding a nd pres ing equipme ot for cheese . These
wiotld save both time and work, but wioulkd 'm:luj'm': d justments by the Fttsajng:nd 5:|I;jr.|g I:eflmbgje.;. Dive b the reed
for rehtiveh h'l:g:' jrveshimeEnt jn the mew ex Fer.sj'l.'e Fttﬁjng equjl:l:nt'nt.jl: was j.'l'lFI:!'l.'I!ﬂl: toy djsopver whether the
pressing time could be s hore red and the chesse |:|L|'i:]:.|1.' trargferred Foom the press to the brire . Studies were cond uoted
atthe Dajre Irstitoee to Fimd ot whether, amd §F 5o, how, eatly b'l:injngnF]nlsbﬂg cleeme would affect the betie

Ferrme mtation in the cheege and jts il quality.

Lo 193, investigations wete made jinip how vatiations in presing time and jothe time between pressing and tans fer
ity the brine affectsd heotose metabolian jnthe cheese (7). Four chesses from eachof 11 cheesemakings wer twated in
djf fere mt wars ard tenlaer studied for sersone qm|j|.1.' ared aseries of chemijoal paTame e, Two of the cheeses were
F‘I:Eﬁt'd jna shndand steel mold limed with chessecloth and F'mssed at 2500 5 Pa o 5 L for theee houes . One of these
cheeges was placed jn X% brine mmediptely after pressing and the other was rested in the mold for 24 hours before

tore Fer oy the brjme. The o TEma | ning clewmes were F'I:-t'sst'd in the then meenth dﬂ'elnped Perhpra cheese molds
imokls with o stoongh perforated surface) at 1.5.10 5 Pa pressure for lalfan hour. As with the others, ome of these was
brired jmimiediatel after pressing and the otler ome was briced after 24 hours.

The expetiment showed that lactose was not present in any of the cheeses whe n brining was com ple e, even though the
kvels of hotose jnthe cleesss lnd varied at the time of brin reg. At o time d mjr.lg'hmlﬂm'n of lactose was jt FI;!EE_“:IE
ticy 5 b e e e n:eath.n:me, mnl‘}m‘l_ir.lgﬂﬂjt"l: wintk jnSweden {ﬂ.ﬁj.ltw:s therefom: P;&saj]:-lt' toy e lude that a

5 POntL oL miet balizm nl"glurme nkio mkes de:\e in _T:'l:ls'hﬂg chewme, Fnl]nu:ingclﬂwg of lactose. Mo differences
otk ke Ft"l:l.'\t'j'l.'t\:l jm e q wality of the cleemes that weps F':tssed in different vwars amd ]-:epl: for diffemnt times bebore
i iz

In a contimation of this work at the Dajry Institute, o pressing time of theee hows for cheese jnstee] molds with
cleegec pth ard 30 mijnutes for chesse jn Perfom cheese molds was wed. As efor, some clesses were brjmed
mmedptelyafer Fm-.;ajng:n:l others were brimed 15-16 hours a frer F'm-saj reg. At the Research Dajry, such a rest reg
Ft"l:_p;::l Fnlhu'jng Ftt-aajng jnsbee| maHs was the 5I:Ir.|:|:'u:| teatment F-;:rl: ]:1:|sbetg i:|'|=~e-5e.. ard I:|1e5e i:|1ﬂe5e-.; WeTE
thwee Fome wg‘uﬂed a5 control jnthe ey petiment (#31. The texture of cleese that was brined mmediateh F.::.l.lml.'jng
e s g was 5jgr.|ij-:: rith: pooTET jfthe m |I;jr.g time vwas as l;ar.g a5 o the control o leese, However, jF the snll;jng tjrmee
was reduced, the quality of the cheese jmproved.

The avemge salt comcentration in tpened oheese showed that earh brining kd toa greater uptle of mitcompared to
cheeges tat had been brined her provided the same brining duration was wed. Cheese pressed in Perfom molds and
brirmed jmmedjately after F'm'ﬁjng:tujm\:l the |1,'E|1t-5|: sﬂ|tmr.|l:er.|l:h1:ir.|jr.|g time was kel commtnt. This showed that jt
was j.'l'lFI:!'l.'I!ﬂl: by e e He 'I:rl:jnjng time jif the c besse was oo be brred mmed pteh ofeer F':Eﬁjng.lt'w:s sl.ggrsted that
Fnt]:thbegdtﬁe,: medicton of 24 -hours” 'h'l:injng time was sujmble .

bactotugation of cheesemilk

Az mentiored jn the gection “The effect of nitmte addition o the clheese mjl™ page 63, ore of the d:l'ullengts writh the
prod ue tion of cheeses like Jarkbers cheese & to prevent the developme ot of amerobic spore -fomijng bacteti suchas
st fyvsbe e (butytic acid bacteri) during ripening a5 this can ender the cheese unfit for human coms umption.
A well-known aid tothis end was the addition of nitm & to the cheese milk or to the whey, buta possibk alterm five to
this could be what was knownas super<entrifugation, bactetia-centrifugation or bactofugtion. Although the pionee
work on this I:ec|1.r.|j|:||.t' was achmlh dore jn the earh 19505, it was further dﬂ'ehped in the eath 19605 tow the amgunt
of bacter inmilk at the dajry. Mam studies onthe 15e of bactetin -i.'t'ﬂh:iFL? tion were comnd ucted at that time and
Fuhﬁs|t1:| i the mid -19605.

Because the 5 pecific weight of bacteria j5 greater than any of the com porents of milk, it s therefor possibk to sepamte
the bactetin from the milk by centrifugnl force . Atan eath stage, the company Alf Loval comstructed o bactertia
centrifuge ca lied a “Bactofuge™. Since then, the sepatation of bactetia from milk inthe dajry industy bas often been
calked “bactofugation”. Lo the bac tofuge, the bactetia are contimally removed from the milk theoagha specilvalve in
the ous ide wall of the sepaTator E;m‘|.l|"|;:|:|l;'|.11:|i:;;:n:|jl;'p;:m are 1ged, the kac I;:Fl.g' can mduce the mamber of lacterh
in mijlk by about W%, Bacterjn SPOTES, such a5 those From asrmidionr Wﬂm are leavierthan vegetn tive bacteri
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celk, amd akocelk mnl:njnjr.lgsp;:tes are leavierthan other bacterp cells. Bem e of these F'D;:Fettjt-.;, the SpiTe cortent
in milk can be educed by 999 by 'bﬂi:h;al:l.g ticn.

Arpurd 196:4-65, the Dajry Dnstitute began expegmenting with cheesemaking from bac tofuged milk. After prelimim o
irves tig ions, . mome com prebensive expetiment was begunat the end of 195, producing Jarkbeng cheese from
bactofuged milk (#5). The mseach comprised 23 cheese prodictions in full commer il scake, sepamted jnto twio
petiods. The Lostitute was able to bomow o bactofuge from Alfa Laval with 2 capacity of 6,000 liters of milk per howur
arsd a i:enh:iFug:l fomee of meach 10000 = £ The i:t'nh:il"l.g' was migurted jnthe milk lire jn the Research Dain’s
stardard mijlk teen tment lime, jmmedipte b after the Fushemjzﬂ:'s ik reg cell. The milk was ths ]:ﬂi:h;:l:ug'd mmedptely
F-;:lhu'jng pas teurization and at the berm peTa fum: veed For Fusl:em:iz:ti;m.

The themmiostat for the pasteurizer lnd o mijnimum tem perature of 53°C. This, both this empemture and 73507 wen
chosen as the two altermtive ba ctofumtion tem pem tures jn the prelimimny ex periments. In the majin ex petiment,
hoowever, only 73'C was wed. In the prelimimny expertiments, bactofuged cheese milk both with and without added
nitrate was wsed. Lt was found | however, that chesse from bactofuged milk with added nitmte 5ipered oo slowly, 5o this
corm biration was not wsed jn the majnex peTime nt. The contrgl chesse vas |:r|:|;::| viced :i:t;;:'l:djng by I:|E]:1:|$bt"|:g cheese
hec|1.r.|;:|;;:g|: that was nooma lh emplm.t'd in the RBesearch Dajny . These stud jes F'D;n'j:lt\:l ey jribe es I;jng pmc fical msults
that were nF LGE Fﬂ'l: |:r|:c::| uctian ul"]:ﬂsbe"lg i.'l'l!'\t'st' Fu;:m ]:ﬂi.'h;!FLE\t\:' i.'l'l!'\t'st' rnj”-:. ltu‘:s dmnmh::ted that

pas teurization ard kac I;aFl.g tiznat 7317 redoced the moam ket of bacteria by gver 90°% amd that the mamber of amerohbic
5 pome-fommiers jnthe lactofuged cheese milk was verr ow, sl under ome bacteriom per mlmilk. The milk kbss from
the bactofuge varied between 1.7 and 2.4% of the amount of milk treated, which was uracceptbh high. Further
development of the lacipfuge technique there fom inchded sterilimtion of the lost materil 5o it could be retumed 1o the

cleese milk.

It was ako discovered that 'I:ﬂi:h;:Fug: tion meduced the F'u;:hejn comtent jnmilk by a bout 2% which resulted jnoa lower
chesge vied. 'E-ui:h;:l:l.g W] |:r|:|;::|u:\t\:| 1 cheese with et eves . Des le:e this, however, s=mom asse mme ot of the g'nt"m|
qmljh.' coukd mot d'sl;jngu,'sh et e the e petime mialand the contml cheese . The concheion was thewfome that jt was
possibke tomake Jatkberg cheese without the add jtion of nitmte to the cheese milk, provided lactofugation was used.

tasteand flavor compounds in jarlsbherg cheese

Wariows chemical armbrges were importunt reseawch took at the Da o Institute, When the work onthe development of
Jarkberg cheese began, jt was essentil to be able to armhze the content of vatiow com pounds s poms bk for fste 2 nd
Aavor in both mature cheese and at variows stages of tipening. Researcher Alf Sversen held a key position in the work
with the chemicalamahses. An mportant part of some o f this work was ambsi of the cheese by gas chromatogmphy
|_5I:I] The L titute owred e of the best g5 chmuma tosa |:||15 avajable at the time, but it soon beoame apparent that
migre advanced shudies of Fhvaor COATIpAGL rds in dajry F':;;::l ucts and clesge tt\:luj'm:l access bo mass spt'-cl.'m'lel.'l:l'.ltw:s
dif Ficult o T e quji:]d'l.'jn the dentfoation of all the i:|'|=rnj-::|i:m'||:|;a|.u:|:|s the t Foormed o jF fere mt Fﬁl:s mn the gas
clroma tog IS unlkess E55 chroma Cgm |:||11.' was coam bired with mass 5 Fe'cl.'u;:meh:r.Un forturately, this e prree nt was
rst miade avajbhhle for mseaoe hat te Daicy Lrstine.

Figure 2 & an example of 2 ¢ homatogram fiom a gas chmmatogmphic anahsis ofJatsberg cheese. The Figure 5 hows
the clamc etstic hrge peaks of propionic acid and acetic ac i formed fiom betic acid by poopicnibacterin, Lactic acid &
F'u;::h.n:t\:l b the hetic acjd bacterip starer culture wsed to acidibe the mijlk and h;:gj'l.'e the clesse jts |1,'E|1 cortent of
bacterim that ame so jmp;am rit For the cheens -'I:iPt' njr.lg ProceEss.

scanning jarlsberg cheesewith computer tomography

I the 1EaIs F-;:l]nwj g the ermd uF the dewe hl:l.1'|er.|ln| Ft"l:i;:d Fm:_]'nth'beg [ |1et-.;e, m-.;ﬂ'u:|t"|:5 ard L{S: sl:udenls at the
Dajm Lrstitute comductsd 1 seties of studjes nn]nthhﬂg cheeme and propic nibacterin. It 5 mot p;:ﬁﬂ:le by g it the
details of all these studies, but ore particuar work must be mentiored because jt eprese nts the completeh movel we of
a rew armbysis methodology for cleese reseaxch (4.

Cheese maearchers have always wanted to study epe foomation in chesse without damaging the chesse by cutting oo

|:||.|.r.|-1:|:|.|:|:i g, A sopcalled non-des tructive method for 5tu:|1.'jr.|g chesse eve forma tion bas tlherwfore been meeded . The
DeFu'rh:nent of Anjimal Hiskando: at the r'l.g_'l:ii:u]l:lm| Unjvesin lad a COITI PLte T bomipEm |:||1 that they tsed to study the
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cmp;:sjl;j;m of anjmal bodies e, The msearchers at the Dajny Irstitute were jinterested to see whether this
irstnament could be wmed o study eve fooma fon jnche e u'jl:|1;au|:n:|:m:gjngjt.

Sampling o cheese during ripening, particulath: ©beese with tind, can lave unfortumte comseque nces . First o Fall, themr &
a tik of mol infectionat the point of cutting, and suchan infecfon will influence the chemcal comversions during the
Furthet tipening of te cheese . Second, purcturing the tind cawses a clange inthe lnhnce of gas pressure jnthe cheese
and probably an increase of the mdox potential. Such a chesse would them fore not belave nooma lly during Further
'dpenjr.lg.ltjs Fl;:saj]:-lt' b 5am FE' other chesses from the mme F'u;::h.n.'l;km, bt there & o way to be cermjn whether
these are dential jrall Tegpect; o the cheese st mm Flt'd..r'l.bn, such anex Pe"qme nt i extremeh exper.ﬁjue whenso
many cheeses have o be mmpled. Lo some cases, the number of ¢ heeses avajhble for ambsi from each pood wotion
bescoumies a |j|.'r|jl;ir.|g fctor for the sz of tlwexpe'l:j:nent.

In 1963, 12 cheese productions on dif fere nt weekdays weme sekced. Cleeses from four different positions in the cheese
pre pressing va t were scanned, ard the development of eyes was followed jnexacth the same place intwo cleeses from
each produc fion. For eacheheese, six to seven scans weme made at djffere ot times following production: once in the
fresh clesse after h'l:injng, thres times dl.u:ing the Wann Room Peﬁ;::l, when the eves o fomned, goce mmediptel after
torss Fer oof the cheese to the mefrigemted Ripening Room, and one or twg soans after the cheese was exposed to
bempe'ml:l.l:l:esl:mss after 13 'u.'eeks. I::nm FIJI:-E"I: m::gl:: |:||11.' F'm'l.'t\:l i e vy u;eFu] bec:l.sejtsl.l:ct-.;sﬁ.l.l h 5|1m'.'t\:| e
formation ag the gH5 was F'u;h:lu:t\:l in chemse amd could 4y be tged to stody the ot a F&\:I;jngﬂ'e fommia tion. Fngu:e
J shows that jt was possible to demions tmte that the greatest gns production took place in the seoond week jnthe Wamm
Rooem. In Figure 4, the development of eyes canbe seen on the cut suchice of five cheeses during 13 weeks following
oo v i,

a unigue cheese type

As previows by exphined, the mesearch and devels prent of Jathberg cheese was origina lly based on the production
hec|1.r.|;:|;;:g|: for Gouda chesse. Thi hec|1.r.|;:k:g_1'j5 h'lgeh: F'I:I:'Et"l:'l.'t'l:l in todar’s _]'51:|5'hetg cleese Eclmhgr. Hgwever, in
LT npjnj;;m..]:ﬂsbﬁg cheese should be i::l:egn;:'l:izt\:l a5 o L ue cheese type ared ot i:;;aml:u'md to ejther Gouda oram of
the Swis clheesss.

Jarkbers cheese cannot be chametetized a5 a Swiss cheese despite the fict that propionibactetia ate resporsible for the
epe formationand the deve lopment of favorinthe cheese B remingcent of Swiss. Mevertheles, in 1963, Pmtessor

" stgaard wrode ina com pendjom that Jarsberg cheese was a type of Swis cheese (58], Othes lave ako chosen to
characterize jtas a so-called “Jwis-type vatety™ (31, 37). However, this cannot be proved or dis proved since thes | oo
ack r.l;mh\:lgt\:l imterratipnal de finition of a Swis cheese variety that clearh di I;jngu,'s les jtself foom other cleese by pes

3.

]:t E;bﬂg cheemes corg B tency, dny matter content, hetjc acid bactera fom, Tipen ng ProgTessiom 4 red othet e lity

charactetistics deviate fim that jn o Swis cleese. In o comprebens ive atticle written by Ardes Oterhobm jin 2004,

“Morweginn cheeses ina histotical pers pective™, a good description b given of the sorts of comsdetations that wene

made jnthe USA when Jadsberg cheese was categorized in the Ametican chesse clasification spstem. Here, too, the

starting point was o compation betwes n Jatkberg e heese and Emmental. The conchsion of these discussions was that

]:1: E;bﬂg cleege differed from Emmental jn several wars |_ﬂ'T]

Production technigues

The I I T g NI AT S used jnthe |:|1:|;!|:||.|:l;i|;:|r.|

Chemical com position inchding doy matter conent and wlatik crganic acids

Sergon clame e ties ©

@ -Eye fommation: even eye ditribution witha diameter of 10 -25 mm, gererall smalkr than Emmental

o Lomistercy : tard to semi-lamd, plishk asd markedly softer and drier that Emmental

o -Taste and avcma: mild, slightly sweet, sour and nutty, but differs ot from the stronger, sweeter and mote
rutty taste of Emme ntal

The conclision was that even I:|1;a|.g|1]:1:hbﬂgc|ﬂ$e las cermin simjbrites o BEmmental, the |:r|:|;::| uctian st
d:ltrnj-::li:umpasjl;jnn:n:l SEMBOTY oL lities were 5o d jfferent tl'ul:_'l'n'l: Ehe'lg cheeme should b= chssified as a |.|.r.|j|:||.|ec|wer,e
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vatant that would be beter th:\ed in anmgther I in the Ametican ¢ lheese clas ification system . The conchsion of this
evalhmtion prRCeDs was tha I:_T:'l: E;'bﬂg cheeme was b be considersd a u.njque ard ditnct chesse type jrthe TISA.

The mesop hilic cultures wed for the production of the cleese contin the following trpes of bactetin:
»  Lartererens fani subs p. doctis hijgvar. .-:l!l‘.u.!._l‘;.d-r.ri:
[ Lastararens fod'e subs p- T
[ Lostararens larti subs p- e
* I sncmnester mesembreigers subs p- ey

A culture such as this i5 = P;:r.sj'hk' for the acidification of the chesse milk and the cbeese, and |:r|:|;::| LCEs A certmin
armurt of (02 tl':l:nugh breakdown of the citric acid inthe milk 2 md tlmugh the kEironos e’ etemfemenmtive
breakdown of lactose jn the milk and chesse. Some of the mesophilic betic noid bacteth akbo produce vohtik o mma
coim porents, prmatil fiom citmte metabolsm, and participate with the it proechtic enzymes in cheese tpening,

When wing this type of cultuee, jt & very mportant that the chesse cooking tempemtue: does not excesd about 40°C a5
this would jinhjbjt the bactetjal g_'u;m‘th.lnﬂ-n;:u:l: F'u;::h.n.'l;km, the chesge q:ml:jng bem peTa e j5 UL lly betwesn 36-
39T and because Jarkberg cheese technology B in princip ke like that of Gouda, simibr tem peratures ae wed (47, Both
thiz lea I;jng amd thes uhstq et 5 I;j'n:jng amE VETY T poTtart for comtroll reg the chesse mojstue oombe mt, and T venth
for the coreEtency and the Ti penijng that then mkes ice.]nhhﬁgcl'&se:n:l Gouda lave A PP A teh the same doy
matter content: 55.5% (1, 2. Both Jarkberg and Gouda-trpe cheeses in Momway ae now prodced inseven] vate fes
withdifferent fat comtent, but orgimlly both cheeses conmjmed 45 fat jn the cheese dry matter. Both Jartkberg o heese
ard Morvegn (a Momwegin Gouda-type) with 5% fat in the dry matter will theme foe lave appmximatel the sume
amgunt of modstue: jothe fat-fee cheese: 60-57%. Jarkberg cheese must themfor be regaoded a5 a semi-la o rennet
cleese hoth with wg‘uﬂ ty the Imierratioml Dajry Fedemtion [1DF"f| clagification amd jnrehtion to FAO SWHO clesse
staredard (477.

The troe Swis clheese i calld Emmentl amd j5 tmdjtioraly F':.;:-:Iu:t\:l Freams unipas tevmizesd mijllk. However, jf the
technclogy for Jark ey cheese and Emmental ane to be like med, we must compare with the prod uction of Emmental
from paseurized milk becawse Jatkberg o heese was developed with pasteurized milk as the starting point.

The technology for prodicing Emmental 5 comsidembly d ifferent Foom that used for Gouda, Fiest, a different type of
hectic acid bacteria culture js wvged, rameh a HEm‘n;:F|1j|ji: culture. This cuture contjrs lactic acid bacteri that gronw at,
and tokmie, higher tem peratures than the mesophilic cultures wed to prodice Gouda. Pure cultures of betic acid
hacterim for Emimiental Lsm"'l.'i:n;:mp'l:'se o I:|1e"u.11|;a|:||1j|jc cubtumes : ,F.ﬂl:b.l'mm .ﬁm‘@ﬁﬂm and Laostsiasir hebetens i+7).
Oithet sourees mention the Pusajbj lity of uajngnl:lwl: I:|E1:|.'n;5|:||1j|j-: cultures suchas Lossjarile dofimeski subs p- b agaries
ard Lavssivoeilins docri (24, 26, 33, 37). Mesophilic s pecies of lactic acid lncterin, suchas Lossvaras doetis subs p. st
Lostararens fotis subs p. avmvens, may be used jnaddition to the thenmophilic cultures (33, 377, In comprebe sive stdjes at
the Dajry Institute of Swiss-type cheese produced foom pasteurized milk, o mixed mesophilic cultue was wed, of the
type mentipred eatier, in combimation with Stepteeaar Sermandibe and Loctboghe bebetins (62).

The 5= of a I:|'|="u.11|;:|:||1j|_ii:i:|.il:|.m' embks te e of a I1,E|'I!"I: -cm]-:jng berm peTa tums dl.u:ing the F':l;::lu:l;jnn of Swis -type
cheege. Swizs Emmental & Ft;;::luctd a5 a very htg' chesme ut'jghjng]:reh.'.t'en G5 ard 110 J-:g. A clhesme of thi size=
TEqUiTES 8 |1jg|1d1:1.'m:l:l:e1: content jn the Feshcleess curd jn omder to emin jts sha =3 ard this & achieved by L5 ing a
high cooking tempemture (31). Different souces quote different cooking empemtures . For Emmental, for example, a
bern pemture of 52-50 7 may be wsed, and the tem pem ture during pressing can remain as high as 50°C For several hows
after hooping. The cheese mas will become comidembly drier than if lower empemtues are wsed, and mam

urdes mbk mimorgansms will abo be laggely elmimated. Ametican mseaxhes have quoted the we of cooking

term peTatures of 1=53"C for Emmental |_d3-l1 .3.3] In the |:r|:|;::| vction of Finngh Emmental, a q:ml:jng berm peTa fums of 53
55°C & uped (22).

In stidies of Small Swis cleese at the Dajne s titube, cmking berm peTm tume 5 from 37 1o 46" C were wped [G2).
Temperatire was ore of the expetmentn] ficios employed when developing the technology for prod ucing a Somall
Swim ¢ leese with anaverage weight of 2.5 kg Witha cheese of this signifianth smallersize, it kss mportant for their
shape to lave as highdry matter as Emmental. The msearchers found that a cooking tempemtue of 46 7 com bimed
witha 5% whey dilutionand 2 Warm Boom tempemtuee of 19 ot 225 produced the best fhver in Small Swiss cheese,
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Griogod results we e ako obtmined in rehtion to other clesse clamotetis tics when a i:m]-:jng berm pem L of 43 C was
wged . Howewsr, morme of the term e fures that gve g:c::l msuls for Smiall Swis can b used Fnt]':thbegdﬂ-se
przd e fion.

Emmental & usualh prod wwed with about 45% fat jndry matter. Based on published figures for Finnish (22), French
(33, Gemman (23) ard Swiss (31) Emmental, this ty pe of cheese contims 51.5-53 5% mok ture jn ft-free cheese. This
phces Emmental as a tpical hard cheese jnthe chssification laid down by the IDF and FAO/WHO, wheteas Jarkberg
cleese 5 chsified a5 a semij-lard cleese :ctn'uijr.lg to this clasification 7.

The Fmpjnnﬂ:ﬂi:betin that ate med jn Eal:h]:th'bﬂg and Su‘jﬁ-h‘Fe cheemey gil'e thermn a clame tetk tic msbe. T he
distinctive eve formatipnand msE in both thess cleess bypes ame Fu'n:jnlh' amerjbed bow the L picie acid FTmenmtion
that opccurs, and the tste profiks of these two clesse trpes will therefore mturaly lave certin clame tetis tics in
cormmon. 1t js clkear, however, tat the biokgial cha ngss that @ke place jn Jarksberg cheese and jn Emmentl differ on
sevenl counts. In Jatkberg cheese, wolatik ammma compourds are fommed fiom the metmbolsm of citate jin the milk by
miesg philic lactic acid bactetia, wheteas the thenmophilic bacterin wsed jn the prodiction of Emmental are cjtmte
m-g:l;jl'e.']_'hl.s, in ]:1: H:-ﬂg cleege, a cmp;:l.u:l:l suchas dipcet] canogntribute to the mste of the cleese. It 5 alsg
g:'ne'm”r krgwrn tat e tobacillj of the type nonma Iy iged for Emimental F':l;::lu:l;,'p;m lave far greater Ft;;al:e.;ah‘l;j-: poweTs
tham the mt-.;np|1j|j-: bacteria vged For ]:1:|sbetg F':l;::lu:l:j;m.'I'ht-.;e chesses will the foee lave o djf e ot o Ein
brealdionwn F'u;aFjlr.-' ard will thig be ex Ft'cl:t'd toy bave d jf fere ot g e F':qules. The F'u;h:lu.-ls am ako noticenbh different
with res pect to Tipe ning time. Jatkberg cheese js noomalh mady for smle afterabout theee months” 6 penirg, whetens
Emmentl 5wl mot cons deted mature until about six months (31, 47).

When we sum upall these differences between Emme ntaland Jathberg chesse, it 5 cleaty wiong to clamcteize

]:1: E;bﬂg cheese ag a Swiss cheege trpe des pite the fact that Swiss cleese B not a cleath defimed b pe. This las led to
gocasiorm ige of the mme of “Goutlkr™ o rew clag ofclesse, actimll 2 cross between Gouda and Emmental lﬂ]
This h.'PeanEt-.;e B mow F':l;::l iced jnseveml El.u:apﬂn counttes, but bas wrahle qm|j|.1.' clhamcEgtics. O heeses such
a5 the Dutch “Leswdamer” | the G-em'l:n“..-'l.lp;bﬁg" amd “Feb;bﬂg" amE gmupt\:l a5 “Goumler™ clesges and o jn the
sarme gmoupas Jatskerg cheese. Jarkbeng cheese, however, | comsidered the prototype for cheeses inthe “Goutaler
family™ (52,
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