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1. Introduction

Emmenthal chesss segment

This brochure is one of & series that hasbesn
produced 1o give you anoverview of starfer culfure
performance and modern mamnufacturing technology.
Il alao prowvides & good inaght info the experience and
kmowledge available to you a3 8 pariner of Chr.
Hamsen For more than 50 yeara cheese-makera have
furmed 10 ws 1o improve the guality of the food they
make for people all over the wordd.

Cuir aim has always been 1o provide excallent
products and we are aware that a product is only
excellent when it gives the best resulta. One of the
maj or reasons behind the success of Chr. Hansen's
productsia the parinership we establigh with owr
cugiomers. A continung dalog ensures that our
cugiomers use the beat producta tor their needain
the best way. This dialey is alap 8 spurce of
ingpiration tor new developmenia as the nesds and
requiremenis of our cusiomers are the main dnving
force behind qur R&D.

For mearly 130 yeara Chr. Hansen has worked to help
food mamutacturera ofter high guality products.
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From ihe beginnings with rennet, Chr. Hamsen has
grown into a full-range supplier for the dairy imduwstry.
Apairt from a complate range of coaguanta, 1he
cheess-maker now has far greater flexibility and
better conirod over hia processes and producta,
thanks to Chr. Hansen codors, dairy cultures and
enzymes —all from natwral sources.

Chr. Harsen bridgss the gap betwesn traditicnsl
meihods and the development and implement ation of
innovations, allowing people like you 1o concenirate
on what they are best al —making cheese. For more
information conact your local sales office or
application center, there are more than forty in as

many counirees ihroughoul 1he waorld.

Segment deseription Typical examples Scaldimg Texturs
max 35°C
Fata types Feta, White chesas |95°F) Sami-aoft chesszes
Camembsart, Bie, Argentine maz 350 Soft o semi-soft
Soft ch s Pon Salut, Creacenza, Gongonz ola (457 F) chesges
Gouda, Edam, Samaee, MaasdammerLesnda mmer, 3570 - 40rC
Continental types | oy Paui n, Raclette, Manchego, Prato [55-104°F) Semi-hard chees e
Cottage cheese types |Collage chesse 200 - 320 Eaft fresh chesas
[72-GrF)
Clheddar, Termtonala, Amencan O heddar, Montensy 0 - 420
Cheddar types Jadk, Colby [100-108°F) Hard cheeaes
3P0 - 4370 Sami-hand 1o hard
Pasta filata types Mozzarella, Fizza cheeae, Frovolons, (99106 F) . o
Emmenthial types Emmenithal, Gnuyére "1':;2,5%{: Hard cheeses
BrC - 55°C
Girana types Girana, Parmesan, Sbrinz [122-131°F) Hard cheeses
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2. General characteristics of Emmenthal cheese types

Emmenthal {550,000 t/year) ia the most commaon

cheesz in 1he Emmenthal chesss sagment. The total
voplume of 1he ssgment i3 estimated to 850, 000 tona

per year. Burope iathe main producer followsd by

the US

Ouwe to the high scaldng femperature of the curd
during procesang they are also called " cooked
cheeses” and can be characterized as being of
“rennet” charagcter, onan”acid to rennet” acale.

All Emmenthal chesse types are low in moisture, have

propicnate taste and genarally long shelt lives.

Emmenthal cheese types

Diameter and

Some of the general characteriatica of the ssgment
are ligted asfollowa:

Ory matier = &0 %%

Fat in dry matter 40-55% (4647 %is more
COmman).

Water confent in fat iree chesse < 55%
Calcium in fat free dry matter = 2.9%
pH 5. 20 —5.40

Moat of 1he cheeses are large (30130 kg) with round
or egg shaped eyes (1 -4 om in diameter).

The Emment hal cheese types are used as fable
cheess or ingredienta. Inihe case of the latier,
grated chesse packing isincreaang, and in some
countries Emmenthal is widely used on pizzaa.

weight Scalding Eye formation
Emmenthal
France
Germany TO-100 cm 50-545C -7 e = 1%
us 30-100 kg (122-129°F) Brina
Switzerland
Gruyére 40-60 cm 50-57°C =1.5%
France 35-40 kg (1z2-135°F | Towsmaleyes | Brine or dry
salting
Comté 40-50 cm 50-57°C >1.%
France 35-40 kg (1z2-135°F | Towsmalleyes | Brine or dry
salting
Beaufort 30-70 em 50-57°C >1.5%
France 12-70 kg (122-135°F) | Fewsmalleyes | Brine or dry
_ I salling
Appenzeller | 2030 cm A2 46°C ™ >1.5%
| Switzerland | 68 kg (108-115°F) e Brine
Sbrinz 5070 cm 55 57°C ™ S1.5%
| Switzerland | 2045 kg (131-135°F) eyes Brine
Graviera 3040 cm 3B 50°C ™ ~2.0%
Gresce 12-15 kg (118-122°F) FYes Bring
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3. Chr. Hansen ingredients for manufacture of Emmenthal cheese types

3.1 Cultures

The process tor the manufacture of Emment hal
cheese (ypes ia characienzed by two distinctive
gstepa. FArat, acidification by lactic acid bacteria (LAE,
primarny cultures), and {hen fermentation by
propionic acid bacteria (PAB, secondary cullures)
during the ripening of the chesss,

imthe taples pelow the difterent culiures are given
and the function {hey have inthe production of Swiss

chesss types.

Primary cultures
Strain namea Fu"ct'u'.-' i G2 chasas Growth condition
production
Lactococcus I'EI'EfI:E subsp lacts . F'ra-npan!ng_ af tha milk. Can grow unil
Lactococcus lgchs subsp cremors Protaalysis in chassa, P
Lactococcus lgchs subsp digcelylaclis Chaasa flawar. (104°F)

Levconosios cremons

Production of lactic acid Grows from 30—

Streplococcus thermophlus (mosfly D) during the first
hours of production. S0PC (86-122°F)

Producton of lactic acid (L-
and O-) Girow's from 20—
Cormsums ramaining sugars. PG (B6-122°F)
Protaalytic activity.

Lactobaciiius hedvehicus

Reamarks
Laciobacilus factis can be used and has the same role as L halvelicus. |t i3 less senative 1o high cooking
temperature and acidities sadier than L. hel velicus.

Secondary cultures

Strain name Function in Emmenthal cheese production

Farmaniation of laciic acid (laciaie) to prapionic and
acalic acid (ratio 2:1) and COz

Propiortac fermum freudenrgichn subsp. Production of praling lor tasia
& hermani

Lipalytic activily

Gros in warm roam during ripaning
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3.1.1 Direct Vat Set (OVS) cultures

Direct Wat 5=t (OVS cultwres for direct imccwlation of
the process milk have made 3 agnificant impact on
madern chesss-making operations across the world.
OWE cultuwres for cheess were infroduced in the early
19803 and are now able to compete head 1o head
with bulk starter cultures. The reasons behind the
grow th inthe use of OVS culiures are based ona
mumber of benefits that these systems ofter to the
cheese-maker. The key benetits are:

Comrenience

* with D¥Sthe chesge-maker doss not have 1o
prepare bulk starter inm 1he dairy and can
conceniraie on making chesess.

* no bulk starfer production means leas rigk of
phage contamination leading to dow or logl
wvats and downgraded chesasa,

* with & rangs of phage unrelated cullures, our
OWES cam always provide a back -up culiure,

Product cong gency

* ability to use DVE cultures in gpecial
combinations producing difterent chesse
types and chesss flavora withowt the nesd for
additional bulk starter facilitiea.

Ficiure | Chalbn Mega
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Flexibil it y

* fhe OVE culwre can be wsed a3t ia reguired
imthe dairy, 20 there is no bulk starter waste
either from over production of lossss in the
gyaiem.

* the dairy manager does not have 1o worry
about bulk starier preparation at the wesek-
end, the DVSculture can be wsed directly
trom the freszer on Monday mornings.

Safety

* the DVS culure is fully tested for activity and
microbiobegical contaminants before it leaves
Chr. Hamsen, and certificates of analyas can
be provided 1o support thiail required.

* 3 andardized OWVE culfuras actiw iy maans consistant
acid produd ion and parformanca in e wat. Thisin
furn can rasulf in Saiss cheese with mara constant
far mant aiion and betiercontrolled ripaning’ aya
formation.

Traditional Emmenthal cheess val
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3.1.2 Product range primary cultures

Mame ‘ Typa

100183 200 U
ST-BO1 5. themrmnophius (LAE) 100210 500 U
F-DVE 5011832 500 q
AP-15 5. themrmnophius (LAE) F-DVS 5004
FO-DWS 100471 200 U

ST-M3 5 ith ilus (LAB
emophits (LAB) 1 £ v 617674 | 500
" FO-DWS 100472 200 U

ST-h4 5. thermophius (LAE) FOVS R1TETS 500 g

LH-32 Lactobacilius helvelicus | F-DVE TOTE 2504

LH-ED1 Lactobacilus helvelicus | F-DVE 501538 5004

FO-DWS 100116 50U
FO-DWS 100185 200 U
LH-ED2 Lactobacilius helvelicus | FO-DVS 100213 500 U
F-DVS 501539 5004
FO-DWS 100117 20U
FPropionic acid bactaria FO-DWS 100118 50U

P5-1
[PAB}

F-DVS 501579 500 g

P52 Fropionic acid bacena | o by 501580 | 500¢
[PAB)

Pay Propionic acid bactaria FO-DOW5S 100121 51U
[PAB) F-DVS 501582 5004
e stoe0 | 50U

APM-1 L actobacihis heive beue, FD-DVS 616881 20001

s G1GER2 500 U
5. thermophius
Frocess parameters have a major etfect on the Thia choce and the eventual inferaction between LAB
development of LABand PAB. This range has and PABwill be deacnbed and explained in ssction 4.

therefore been carsfully sslecied.

Ermmanthal- rey (302 doo)! apr2002) §:29
Chr. Hamsen &5 10-12 Bege Ala, De2970 Hashalm. Tal: 445 45 747474, Faa: 445 45 748813, Web: dw -hanson.com



1.2 Coagulants

Chir. Hansen is able 1o supply a full rangs of
coagulanta. 1t iswithin this particular ssgment thai
we have our longest track record, supplying rennst
for over 125 years. Today, grown according fo your
requirements, we have adapted owr range 1o fit your
nesda, linking tradition with ressanch and inmovation:

Chir. Hamsen's coaguant rangs:

MATUREN® ; Animal rennet (calf and/ or bovine|
CHY-MAX"™: Chymosn produced by ferment ation
MICROLANT™ : Moronial coagulants

Thess three growps have varing characteristica with
regard 1o proteclyiic activity, heat lability and
genativily 1o changesa in pH, temparature and Call,.
Traditionally, calf rennsl has been regarded a8 the
ideal cheese coagulant because of ita highly specific
milk clotting activity. GHY-MAX" shares this
characleriatic and is rapidly winning ground all over
the world 1o be the preferred choice of the chesaose.
maker.

The last two groupa, CHY-MAX® and Microlant™ are
approved for wse in kosher, halal and vegeiarian
products. OHY-MAXY ig alao available in a kosher
quality approved for Passover, opening wp
opportunities for yolu.

Furthermore, we can demonstrate the effect each of
these coaguants has on your yield. Noi necessarily by
maore than 3 traction of 3 peroentage point but
enough 1o make 8 measurable impact 1o the botiom-
lime result tor wour busnesa. You should, for exampls,
e able 1o achieve an improvement of around 0.5%in
yield by switching trom & microbial coagulant to our
very apecific CHY MAX or 1o 8 High Shym ogin Maturen

1yp=s.

Being a full-range supplier we can give you objective
advice deagned 10 achieve the optimal solution for
your particular process. But optimization of
production ia nol amply 8 guestion of enhanang 1he
yiedd from a3 specific guantity of milk.

Emmenthal Cheese Types
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The characteriafica of the end proguct are at least as
gignificant. Forinstance, sde activity is an important
igswe, parficularly when your cheese or whey s used

as an ingredient im of her product a.

Whey is often a agniticant additional source of profit
in cheese-making. H ghly nutriticus, it is a valuable
imgredient ina broad range of foods. Howsver, for
whey of the right quality to be achisved, it is
imporiant 1o sslect precisely the right coagulant tor
your chesge making.

Conagiastent clotting activity, specific protepiyic
activity, ade activity, yield, matwration, flavor and
texiure, whey, certification, all in all there are over
D interactive parameteraio be taken inio
conaderation when chooang the rnght coagulant. 1 is
a complicated |igsaw bul we offer you our experiise
1o help you solve 1.

From the sourcing of raw materials 1o on-time
dalivery at your doorglep, our commitment ig driven
by your requiremsanta.

The foflowing informalion isimportant (o consiger
before choosing which coagulant (o use for
Emmant hal cheese production.

im Emmenthal cheese, coaguian has besn widely
reported to be inactivated by the high scaldng
temperature 50650

Conseguently, the coagulant haa no effect on final
cheess properties and characteristica,

Oy legidation and gpecific coagulation
characterigtica have 10 be taken into acoount when

chocang the coapdant for Emment hal chesse.

Dwe 1o high renmeting pH and specitic cutting
technigues, only CHY-MAX, NATUREN and
THERMOLASE are recommendad in Emment hal chesse
[mes section 3).
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1.3 Other ingredients

Lysozymea

Lysozyme i3 an enzyme extracied from egg white. Lysozyme i3 added in the chesss val atter heat

This enzyme s classitied as a food additive according treatment and before renneting at an average rate of
to ELV 847 107 as E1105 25 g per 1000 L

Lysozyme prevenis the saslling of the Emment hal Lysozyme i3 available inligud or gramdar form.

cheese type by inhibiting the growth of clos ridium
tprobut pricum. The enzyme acts on the call walls of
the vepgetative form of the bacteria.

Ficiure | Chalbn Mega

Emmanthal cheases laaving ripaning room
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4. Production procedure

4.1 Typical cheese manut acturing process
EMMENTHAL COMTE
Mol fe2adrna B3- 7 5°C R itk
145-187F |15 %8s
| ; |
Bactofugation — T—
J0-33°C {88-91°F)
Pre-dpening 15-45
i o
Freere-dried WS | 10,000 | rilk
fmmg‘; ﬁﬂﬂ-ﬁw u > ¥
hehenng . Caagualion
Propianic: 5-10 U Aenratng fme 25-
4 riin
Frasan DWS 10,000 1 midk TEI'IT.'I AP HE-
= WLE 125250 a 31°F] #
L hefveticus |50 g
Pagianic: 30-100 g ¥
Cuifh d S8
i Sophilic [ 10000 | QUi o 35mm.
LD orQ: FO-DVS: 100 U; FOVS: 100 g ey
i bar 315min
A0-33°C {88-91°F)
¥
Aesitves 10,000 1 il .
Lysaryrme max 100 9 129°F) for 35-50 min
10,0001 il -~
s
Sandard Puz 140:2 @ 251 IZTE?:::Q
CHY'-MAK Flug: 1.51a1 81
THERWOLASE 600: 0.5 Q.61 ¥
Moulding and
peessing 4 h-20h
Saing Saling
Skrage . 2-9C (38-33°F) Sal — sawrated bdne Dry &2l
J-@mants 13-15°C {55-5F°F) - Cald roam: 24 h
2-T2h
¥
¥ Pre-ripening
Pria- dparning 13-14°C {55-57F]
10-1PC 50-55°F) it s Fummicl iy
85-90F: AH 20-30 days
15days k
Cry Brushing Fipaning
;ﬁ.ﬂli'lg w 17-20°C B 3-88°F) -
B stwosk ; Pokevx: o ity i
i‘aﬁﬂh‘t m-zsﬂnc???"ul:gﬁ-:n ] 40-55 tays i Fiumicag
g 30cays ¥ darmp clath and £al
L4 Sarage 10-133C {50-
Sarage 10°C {30FF) i
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4.2 Critical manufacturing points
4.2.1 Milk treastmemnt

Emmenthal chesse types are mainly produced from
pasteurized milk [or thermized milk) and sometimes
raw milk.

Gruyére and other DOP (Detined Origin Production)
cheeses are made trom raw milk. In modern Swiss
type chesssa, heat-treated milk and even UF
concentraied milk can be ussd.

Bactofwgation lowera the numiber of spores (O
{ wrobut yricum) having animpact on eye formation.

4.2.2 Culture addition

*  esophilic culiwes (Laciococcus ladis
subap cremoris) play 2 role at the
gtarting peint of chesse-making by
boosting, Srepl ococous thermophilus
and furthermore at cheese npening
due to their proteslytic activity. (They
are no longer viable after the acaldng
process).

= Srapiococcus thermopfiiius (ST
Galaciose negative) is the main playsr
imthe acidification procesa. The rate of
impculation is low becauss wheying of f
mugl preceds acidification in
Em ment hal chesse to enaure the
“rennel character” .

=  Tomoentor acidification speed, the pH
is measured after 2 and 4 howrs of
mabdimg.

= lactobacillus hel veiicus tinishes The
aciditication process, comauming {he
rem aining swgars (lacicse and galacioss). In
Emm ent hal manud acture it ia very important
not 1o have any sugara left after 24 houra. |t
also intluences the growth of PABand the
proteslyasain the chesse (ses turther). The
rate of inccuation is low.

*  Propionic bactena. When using raw
milk thess ocour naturally whereas with
pasteunzed milk they must be added.
Im Emmenthal cheese the rate of
impculation is low. PAB play a maj or
role dunng ripening for eye formation
and fasie.

Emmenthal Cheese Types
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4.2.3 Rennating

A3 a3 high renneting pH (8.8] reaudisin a waak
coagguum, it iapreferable to use THERMOLASE,
MATUREN or CHY-MAX for Emment hal chesas,

Liaually the clotting time is between 20 and 30
minu es.

4.2.4 Cutting —First stirring

Cutting is 8 key parameter in Emment hal cheese
because of the amall gze of the cund (3-5 mm) that ia
required. To reach thisgize, culling must slart when
the coagulum ia atill soft.

The technigue of cutting thies timesis often waed
[cutting with rest times).

Also the duration of first stirring time (5-15 minsg)
influsences acidification speed.

4.2.5 Scalding —Final stirring

Spead of copking 1he whey- curd mixture is important.

Speeda that are fob rapld or 100 dow (associated with
a rapid acidiication) can lead 1o the case-hardening
of the curd, which can hamper whey remowal. (170
[34°F)} ¢ 2 ming} at the fimal stage of scaldng isa
used).

The final temperature of procesang in the vat (50-
£420) (122-120° F) and the stirring time after cooking
determing the culiures remaining in the curd.
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Consequently thess parametiera influence
acidification and {he characteristica of the end
product (mesophilic culiures are destroyed, 5
tharmaophi lus are gdowed and L. halvel (ous are
favored].

4.2.6 Malding —Pressing —Returning

It iz imporiant to reduce air incluson during molding.
This has an etiect on eye formation (number, sze).
Most modern Emment hal chesss factories mold under
vacuum. |nthisway, the number of eyesis reduced
and their gze iaincreased.

Presaure on the chesses must be progresave and
unifprm. The cbject of re-twurning the molded curd ia
to improve curd homogeneily (moisture diatribution).
With modern egquipment whene vacuum is ussd, re-
furning becomes unnecessarny.

Az meat of the acidification takes place during
presang, it isimportant te controd the pH. 15-25°
Dormic (TA O 17-0. 253 isreached two howrs after
mobding and likewise 3545 Dornic (TAO.40-0.50° is
comman 4 hours alter pressng.

Remark 3:

The moderm trend is 1o reduce the time for presaing
and betore brining. In Emment hal chesse it is
important 1o complete augar comnsumption, kesping
the acidification time 10 8 minimum (traditionally 20
heciuars) .

I

T

i
-

Ficture : Chalon Megard
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4.2.7 Salting

According to the type of chesss, the pH before
salting will be 5.2- 5.4

The readence time [24-72 h) in brine depends on the
weight of the cheose, the tanget being 1o get & galt
level in the cheess from 0L &-0. 8% Em menthal) 1o

1. 8% Comt&).

4.2.8 Ripening

Propionic fermentation is 8 phenomenan wunigus 10
Em menthal chesse production. |t consista of
termentation of lactate:

Jlactate — 2 propionate + 1 acetate + 1 00y,
FAB contribute to the ripening in dfferent ways:

=  FRegpomable for eye formation: 00y
produced.

= Jreat eftect ontaste of the finished
chesse: propionic acid, acetic acid,
proline produced.

= Sightly Epolviic.

=  |mhibita the growih of several wnvwanted
bacieria.

Thia fermentation takes place inthe warm room and
depends on several factors (ses sect. 4).

The eye tormation will depend on the leval of 00
produced and the ability of the cheese 1o keep the
gas inade the chesss. The number and location of
the eyea depends on the presence of weak pointa

Emmamhal-Tree 0302 doc! apr20E2! 1123

Chr. Hamsen &5 10-12 Bege Ala, De2970 Hashalm. Tal: 445 45 747474, Faa: 445 45 748813, Web: dw -hanson.com



Emmenthal Cheese Types

Frs rovissd adif ion

im the curd 1hat will permit and encourage the
collection of suificient gas to form eyea. Andther
important factor iathe texture of the cheess for the
“guality’ of the eyea

In this context it is important 1o remember that ol her
phenomena beside propionic termentation [even it

lesa imporiant | such a8 prolecdysa, plasticity and pH
of the curd are as important tor the characteristics of

the finished chesse (see 1able below).

Fra-mpmning ok MipEning wam rem Sl gy tald man
nam
Hanm 2P
Tampirduna ~ \\_'
1P (41
15 days ] diryh Linkl deil i
Prapane {-.—.}
lir memlalan e
[ ————— —-—-_._____-_'
_-—-—-_-_-_
Frolm | yves —_— - — o
e —
—— ]
Padiciy of tha eud D
e e E—
pH of i cind T

The akill of the Emmenthal cheess-maker conaata of
mastering all these parameters wang ditf erent
ripening conditions (emperature, 000 concentration,
humidify, time inm cold and warm reoma) in ordsr 1o
get the required cheese. [Number, size, shape of
eyes as well 33 taste and fexturs).

) ';.F“'.‘f}":- ;
r R nl‘n * F\.. . 4

Remark a:

Beasdes proplonic termantation, it 18 knewn 1hat,
even it unwanted, butyric termantation (&
{wrobut pricum) plays an

important role in Emmenthal ripening. (Eyes and
taste. Ses last asction).
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Examples of Emmenthal cheass ripaning

Emmenthal Cheese Types

Frs rovissd adif ion

HAH

1. Room 2. Hoom 3. Hoom

Emmeanthal

Franca, 10-13%C [50-55°F) 20-24%C [BB-7T5°F) 10-13°C (50-55°F)

Garmarm 2-3 wasks 2-3 waaks B-12 months
_E'n'ﬂzﬂﬂand

Gruyéara 105 (507 F) 15-20°C [58-6B7F) 12-15%C [54-5‘9“!35
_Frarna 3 Waaks 2-3 waaks EB-12 maonths

Comia 10-13%C [EEI-ELE"IE; 17-200C (63-68°F) 10-13*C [EEI-&E“IE;

Franca I wasks 5-8 waaks 2 manths

Baaulor 10- 1430 (50-572F)

Franca 6-18 manths

Apparzeller ;i'f;if“m i 10-14°C (50-57°F)

Swilzarland a0-95° A H 45 manths

Sorinz 16-18°C (61-64°F) 10-12°C (50-547F)

Switzarland 36 wasks 15-20 manths

12-14°C (54-57°F)
Graviara 15-18%C (59-64°F) 3-5 manihs
Graacs I wasks BE-890°C (185 -194%F)
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Emmenthal Cheese Types

Frs rovissd adif ion

5. Culture characteristics relevant to Emmenthal cheese production

The following data explaing the selection criteria for Secondarny culiure |PAB) shouwld be fested under
the range in this segment, and allows cheess-makera  relevant conditions for Emmeanihal chesse ripening,

to chopss 1he moest appropriate culiwre. which are partly the reaui of the first fermentation
guch as:
The primary culfures (LAE have besn tested in our
laboratory under conditions smuating Emment hal = pH
cheese-making. Thus the ITE temperature profile, = Galt
which ia a reterence tor LAB test in Emmenthal, has =  Lysozyme
been ussd. =  Temperature
= hitrate
Furthermore other LAB tunctions determining 1he
characteriatica of 1he ourd before brining should De it ghould be noted 1hat metabolites (lactic acid)
meaaured [post-acidification, resdusal acida and produced by the firg fermentation influence ihe
SUQara). agrowih of PAB, ([L+} Lactate being fermented faster

than (D-} Lactate).

* Inatitut Technigue du Gruyére | Techinodogcal

Gruyére Institute). Fimally, tests showing the interaction betwesn LAB
and PAB should be carried ouwt.

5.1 Technical information on Lactobacilius hel veticus

Acidifying activities in ITG* temperature profile
7.0 7
T :
6ot E—
ssd
T ]
(=8 ]
EOT
a5}
v}
35 : . : ; : : . : : : :
0 120 M0 380 480 800 T20 S0 950 1080 1200 1320 1440
Time [ minutes )
LH32 — LHBO1 LHBOZ
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Emmenthal Cheese Types
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P

Temperature sensitivity

260 ;
240 ¢
20§
20}
180
160

140 +

Lag phase/minutes

120 ¢
i ————

1o ]

ag ' ' ' ' .
TG 1 3 40 a4 43
LHA2 —e—LHBO1 LH B2

Lag phasse, fime to reduce milk pH by (.08 pH unita.
Post-acidification at 40°C (104°F) :

pH16h
LH-32 377
LH-BO1 342
LH-B02 339
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Emmenthal Cheese Types
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Acid and sugar dosage on fermented milk by HPLG

LH-32 LH- B LH-BO2
4075 {1047 F] mE* 407 {1047 F] mE* 405G 104 F] mE*
Cifric: acid 1.7 1.9 1.4 1.7 2 1.9
Lactic acid 11.1 6.8 1823 114 18.7 a4
Acalic acd 0.2 0 0.8 02 04 0
Lacigze 285 308 178 27 27 354
Galacios: 8.4 8 1.9 3.8 1 2.1

Cansenkalion unity : mg/g.

Determination of racemic lactate production by HPLC

LH-32 - 40°C {104°F] LHE-O1 - 405%C {104°F) LHE-J2 - 40°C {104°F]
D-lacic acd 1.8 59 5.7
L-las e acd 95 122 11.8
Total lactic acd 1.1 18.1 17.3
Cancankalion unity : g

5.2 Technical information on Streptococc us thermophi lus

Acidifving activities in ITG temperature profile

ERELEER

-

P ( pHu )

=0

ELEEL

3 i 4 3 2 i 4 & i 4 &
T T T

u 13 40 350 4l G0 THI =0 S0 JLEA] L] 131 M4

Time { minutes )
AP-15 STEOI ETM3I — S5Th4
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Emmenthal Cheese Types
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P

Temperature sensitivity

160 T
140 ¥
w 120 é-
% T
E o+
E I
A=

£ ¥
O ay+
= 7
o I
— 40
203

o F : : : :

T3 32 36 41l 44 48
Temperature | °C )
AP-15 —=— STBO1 STM3 ——STWM4
Acid and sugar contents in fermented milk by HPLC
AP-15- TG S TB-01-I1TG SIM-3-1TG SIM-4-ITG

Citric acid 2 2 2.2 2.1

Lactic acid 4.9 5.2 6.1 541

Acetfic acid 0.4 0 0 0

Lactose 36.8 359 35 38.2
Galactose 4.9 59 71 4.9
Concentration units : mg'g.
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Emmenthal Cheese Types
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BP1E +LH
Sernzrihd e e il
h r H I
RE -
B3 = )
[ - I = a0
na= | I'k., e -
] ~ 5
. - i —
= i L . =
B A ., 5
i e = A .
- = i T -
=t T =y ~m =
-_ o 1 - i5 L. -
q_ - 2 - . --\.__\__h g LT
1= = - --\--"-\—_ - "'l-. =0
i '--.____h == e
ia= e — -
AT 1 | 1 | | | 1=
] -7 B B || S I P | I K i | e B ol | B " S || I I L |
Lemapiss [min)
A I =1 T F 7= s

5.3 Technical information on Propionic Acid bacteria

1.5% salt - 20°C - pH 5.5

25
2

15 P31

8 Paz

1 P54
a5

0 : : : : - :
4] 1 2 3 4 =1 [ 7
Tiime jdays]

Smnthesdis (optimal growth conditions)
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PS-1 - pH 5.8 - 0% =alt

25

2
14 / .r"d’ 24 (TP )
g // / —r eErE
1 / / 150 {55 F
a5 r r
a4 .
o 2

4 &

Time idays)

P5-2 - pH &8 - 7% salt

25
2
15
3
1 !"f /
[u] - 1 -
a 2 4 [
Teme {days]
PS4 - pH 5.8 - 0% salt
25
15 220 TR
3 —C ]
i —1EC SEE)
n':.l_
ik, = P i
a 2 4 &

Time (days)

Temperature effect
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PS-1- 25°C - (5% salt
254
2
|.r| =1
E 1A — ) E
1 pH &2
a4
I:I
Tima {day s
P5-2 - 235°C - 0% salt
2.5
2
18- | [ s
E — A
1 1 Fhfl.z
0,5 1
e : : ;
a 2 4 4]
Tima {days)
PS-4 - 25C - 055 salt
25
14 —pHAE
E pH &5
—FH -3
05 1
g T
]
Tima idays)
pH affact
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Emmenthal Cheese Types
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PS-1- 25°C (77°F) - pH 5.8

1.6

1.4

1.2

_m;}

i

0.6
a4

0,21

Teme {days)

A.8%

PS-2 - 25°C (TT°F) - pH5.8

1.4

1,6

1.4

1,2

0.4

15%

a6
0,44
0,24

4 -]

Time (days)

i 1)

PS-4 - 25°C (T7°F) - pH 5.8

14

16

14

12

aa

—
— AT
= A%

0

0.4
0z

Salt rate ef fect
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Zymbiasis between LH and PS5 Has Froduction by PS5
bt g _eo Ao
B Frond [T - TR I | Frérirnery Sract TTE TRE 1L %)
L DCi JLC3%: o Es ++
[zt 1 | I 1
- 4+ + 4+ P F=- e
P= s e s

Ellewl ul besrcyine un LH weondl oulsur

AT ATk et I IO T 0 e e e v gis 1 LWz Doazag
LH=11 +Ed2 L3
Favobulale e | sl sng ol <o | oo nhilnn

Residual carbehydrates in cheese after 20 hours
beazured rn e (HE 1
frin~ Fepanimeic] resulks

I FFN | R0- I Ha3z
| nirsm Wb | e ~Ary It ~Ary It
Snrtns = (Y “rhe rreeR | rhe r e

Fratealysls an chaase after b0 days
o ecpemme-ia rezulks

UL L L. LI I
BT mode ste ey I ligh
[F b | mode ste ey I ligh
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6. Cause and prevention of faultsin Emmenthal cheese types

bo=t of 1he Emment hal chesss problema deal with
eyes and the appearance of the curd al cutling.

Eye formation

Ag hasa already been ssen, numerows factorg
coniribute to eye tormation, making the process
complex.

Froblama with eye developmant can be divided into
TwWo groups:

= Untaworable conditions for PAB growth
[s=e section 4] reaul in numbser and
digiribution problema.

=  |mpalance of all the paramstens (PAB
activily, proteclyaa, plagticity of the
curd. .. see gection 3 2. 8) imvplved in
eye tormation Curd moigture for,
example, gives shape and aze fauia

Exam ples:

Dwe tothe large gz of Emmenthal chesssa, when
procesang ditficulties (such as aadification, presang,
aciditication, room temperaiure) occur, there can be
localized variations in the chesge. For exampls ina
cheese that is dry, acid and salty on the outsids and
the cenler is moigl and low in sall, eye formation will
b= concenirated inthe center, the cuiade remaining
blind. (See ssction 4, PAE a pH and salt serativity).

Shape problems

= Low meisture: problem with
“aoralched’ eyea,

=  Hgh moisture: problem with orangs
akim or nut ghell.

= PAB activity too high! collapssd eyea

Appearance
= Sits: the result of the production of
OOy im 3 curd lacking elasticity.

= “Acidgitg’ or “fat gitg': may be the regul of
wang acid milk (infreguent nowadays) or
procesang dificulties (lack of drainage) gving {oo
high acidification and emineralization of the curd
with loas of elagticity.

s LUaing milk that istoo fatty may lead to
the same proolemsa |if drainages i no
sutficient]).

"  |Latediis
May cocur with late PAB fermentation resulting in
weak elaaticity dus o
o Proteclyas being top advan osd
o Oold curd in siorage room (in this
cagse with PAB aill working a1 low
temperature].

Case of clogridivm butyricum “late blowing".
Clostridia are gopore forming and ferment lactate to
redease butyric acid, 00y and Hs.

Hydrogen gas may cause eya defecta " cauliflower
eye”), golit, or cheess blowing.

Clostridia are pH senative and grow best
anasrobically in the later siages of npening, when
the pH is higher.

Closgtridia smell is accompanied by the amell of

b yric acid and a rancid tasie.

The wuse of bactotugation and lysozym e reduce the
agrowth of clostridia.

im genaeral the follpwing pointa are essential for 8
good slan in Emment hal 1ype cheese production

s Lse milk with low cell cownd.

s Engure the comrect balance betweaen
the starter cultures (ST, LH).

s kbimiain the “rennet” character of 1he
cheess process.

= aimtain minimum processng limes to
conaum e all 1he augars in the curd
betore brindng.

The inl ormalion conlained haran isio aur noesdadge irue and carrect and preseniedin gaod 1ail h. Howaser, na
wWarraniy, guaramesa, of ireadam iram patenl infringament is irmplied or infared. This inl ormal ion is ollered solely 1or

your condideraion and verilicalion.

EM-Enmenihal-0801
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