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Cheese with regular eyes
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Im continental cheeses the eye formation is
regarded as an impornant aesthetic and visual
propeny.

Thia brnet literature study describes the initial
microbiplogical and physical processes of eye
formation. Fnally some examples of the factors
indluencing the qualily of eye formation and a
degcription of the mogt frequent texture defects of
cheese are cited.

Few, but large eyes characternize cheese with
Cheese types regular eyes as the curd is pressed under the
guriace of the whey. The resulling compact
texture of The curd gives way 1o only few eyes
which then grow larger due 1o The pressure
released by the CO: Gouda, Danbo, BEdam, Samsa
elc belong 10 the group of cheese with regular
eyes. The tolowing desciption primarily focuses
on cheeses with regular eyes.

Cheese with irregular eyes

Gas producing conversions

The gas pressure, which makes the eyes “ grow”

during the maturation phase, isa resull of

microbiglogical convergons from the staner

v culture added and from air dissolved in the cheese

: milk. Howewer al this stage of the process

- additional unveritiable and’ or unwanted gas
formation caused by The secondary micro flora may
e T

Cheese with irregular eyes is characterized by a
large number of amall eyes of the gize of arice
grain. Dunng filling of the chesss torms
atmogpheric air ia worked in between 1he chesse
graing, whereby the graing are prevented {rom
uniting completely. Ol expelled during the
microbiological process will then enlarge the eyes.
Hawvarti, Tilsiter, Esrom, Port Salul etc belong 1o
the group of chesas withirregular eyea.
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Starter culture

Laucanost oc mesantorides subsp cramoris

Oty + HiD = 20H. 0y + 20,H0H *%
Lactose  Laciate Al cohiol

Lact ocoocus [actis subgp diacedyi aol is and
Laucanost oc masaniorides subsp cramoris

20aHCy = 200H4Cr + CGaHaOo + 4000
Otrate Acetic add Acetoin

secondary Flora

Het arofermeanitative Lad obacilius
Lactose -+ OOy + lactate, el

Coli
Laciose —+ GOy + lactate + acelic acid, elc

Fropionic acd bacteria
Lactate -+ OOy + propionic acid + acelic acid, etc

O ostrigium { yrobul gricum
lactate - GOs + Hy + butyric acid, elc

Lact abacll us casai typea
Lactate + Oy = OOy + acetic acid + HO

Physical aspects of eye formation

Az goon as O0s is released from the microbiological
process it will together with air be partly sbaorbed
im the liguid phase of the cheese and partly in the
gurrounding curd.

When the poind of saturation of The cheese
moigiure has been reached the excess gas will
diffuse against some of the largest nuclel sites or
naturally occurring pinholes or, inworst case,
completely diffuse out of the cheese. These nuclei
gifeg and pin holes may be caused by kneading in
of atmogpheric air or captured whey which is being
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absorbed by the curd and therefore leaves an
emply gpace.

The phenomenon can be explained as follows (H H
Luwnd, 1978):

“For air bubkbdes in liguids the following law applies
tor the pressure that influences the bubkbls:

pressure = 2% surface tendon
radius of bubble

According to thia law eyea will only be tormed it
nuclel sites are already present. Congeguently
released gases in the cheese will assemble in The
already exigting empty spaces, the smaller the
radius of the bubble, the larger the presaure
required fo make the bubble grow. It 1he gas
tormatien takes place fast the ditfuson throwgh to
the initially growing eyes may nol be able 1o keep
pace with the form ation and The pressure may
thenincreass 1o the extent that small bubbles may
caugse several eyes in the cheege.”

On bagig of 1he above we may conclude That the

time at which the gas formation fakes place and

the gas pressure are essential parameters for the
quality of The eye form ation.
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Eyes are noi growing

Factorsto obtain satisfactory eye
formation

1) Few pinholes

Avold oo gtrong intermixture of air in the milk and
between the cheess grains during pressng.

2) Suitable resistance against a growing
aye

Higher or lower viscoaly will resull in more or less
physical resstance againat 1he extengon of the
hple. The viscoaty dependa on tactiors such as:

al Water content
b Fal coment and amount of icdine

¢l Temperature
d) Decompoaition of cassin

3) Suitable pressure in the cheese

The formation of O0uisto take place a1 8 suitable
gpeed 0 thatl saturation eccurs and s that only a

sutable amount of growing eyes will abaorb O0s.

The ourd Is =i urad esd

Eyosans growing

L

Too heavy sxiuradion

l

& lol ot eyesare growing

Regulation of the eye formation

Az mentionsd earlier air and 00y are main
regoonabde for the gas presawre in cheess. In
practical terma the reguation of eye formationia
closely related 1o the regulation of 00y Theredore
a suitably slow fermentation of the citrate gives
suitably few eyes and aregular eye formation as
000 g tormed from the citrale fermeniation of 1he
gtarter culiuwre.

Citrate fermentat ion

The gpeed of the dtrate fermentation dependa on
several tactora:

1. The amount of Laciococcus facis subap

digcel yiac iz and Levconost oc cremoris aa well a3
ihe ratio of these sirainginihe starier culiwre.
Generally Lactococous lactis suban oiacel ylacis
atraing break down citrate faster than Leauconost oo
cramaoris s raing.

LD cultures conast of aciditying lad ococcus strains
as well a3 citrate-fermenting strains Law ococous
factis subsp dfacei Wac is and Leuconost oo
cramori s, LD culiures are wsed for cheess inwhich
& fast citrate termentation and more eyes are
wanied like in 2.9, some JGouda Typea.
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The temperature atfects the solukility of 00y and
ihersby the saturation point inthe curd a3 shown
inihe example:

L cultures do not contain Lactococous faciis subsp

oiacal ylactis and are used for chesss in which emperaiurs sumlh:.r im 1he rlmlll:l phase
glower citrale fermentation and few eyes ars T 3.35 g OO/ | water
wanted likein 2.g. Blam chesss, G 2.32 g OO,/ | water
150 1,97 g OO/ 1 water
2. The aciditication activity of the starier culiure PO 1.60 g COy/ 1 water

attecta the enzymatic citrate breakdown, aail ia

pH dependent. A faster pH drop resultain - other
1“nmbe|pgeqm| - faster citrate fermentaliocn Table 7. Selpbl Dty of (0 af o fferenl Femperat ures (H H Lind,

and thereby earlier 00y formation. 1978

Impractice i1 has shown that the citrate content in
cheess after 24 howrs cormeaponds well 1o 1he
aquality of the eye formation in cheessa with
regular eyes. Difterent reauis are availlable inthe
tables below from the Danish Government Dairy
Research Institute, Hillered and recommendations

3. The temperature during the cheess process as
the enzymatic processias temperalure dependent.

Balow follow example of the intfluence of soms
important factors on the residual dirate conteni
atter 24 hours on the basis of standard Danbe 45+

cheese making (MOS 331 Cheese Smudation from NIZ0:
Program (19%2), Dalum Technical Dairy Schood):
Diacetylactis content of the starter culture mg kg residual citrate | BEye formation
PErZent age ol Leucanast oc unaliered im 24 IWI.IE ﬂd m‘h
chesge
Approx 25% Nacal ylactis 1087 mgfkg citrate < 300 Over-set, shell eyes
Appros 2 8% diacalplactis 18684 mg' kg citrate 200 — S0 Moe eyes
2= Gai) Fewr eyes or blind

pH at cooling {12°C water/salt brins)
Table 2 Recommended level of resdval cifraf ein 24 hour s’ old

pH &.04 1087 mg' kg citrate Carbe dreese (Dmsh Government Cairy Research inclif ute,

il T !

pH 5 94 933 mg' kg citrate {orac)]
pH 5 85 797 mg' kg citrate
pHETT 77 mog kg citrate _ _

Fesidual citrate | LD culture L culture
Change of cooling temperature in Gouda cheess

alter
¢ Cwater 767 mg/ kg citrate 24 ours 230-400 mg'kg | 1200-2000
18 Gwater 847 mg kg citrate mg’ kg
16° G water %27 mg/ kg citrate 14 days < 100 mg' kg s00-1200
14* G water 1007 mg kg citrate mg’ kg
12* O water 1087 mg' kg citrate
10° C water 1167 mg/ kg citrate Table 3. Recommended level of resdyal cifrate in Gowds

cheese (MZ0mierws 1085, no3)
Influence of temperature on gas pressure and
aye formaticn

The chesse graing will svell dunng cooling and
thereby abeom Moose" whey, which leadsto g
betier meliing together of the curd and thereby
fewer eyes. During salting and storage the
temperature atfects the tirmmess of the chesss
and the reastance againgl the eye formation.



Most common texture defects

Edge holes

Edge holes are characterized by small irregular
eyedinthe outer edges of 1he cheese and are
congdered 1o be mechanical defecta. Generally
the delect is due to poor melling Together of the
curd a3 a consequence of either air or whay
accumulations or too early cooling.

The defect may be caused by The following factors:

1. Abpsorption of air during pumping and pre-
pressing from e.g. leaking pipes, pumps or 100
lowr whey level resdiling in fop mamy eyes and
thereby edge holes.

Too heavy pre-presgure in automatic press
towers can cause air intake imthe cheese block
Whey levels and presaure on The cheese curd in
press towers mus! be congisient.

2. Too vigorous cooling of the curd during pre-
presang in e.g. press vats or casomatic types
may resdt in to0 poor melting of the chesss
graing and 100 many eyed. The same applies if
cold torma or covers during pressing are used.

3. ToD high pressure may resull intoo early rind
formation, which encapsulates whey and finally
leads to unwanted termentation. Too low
presaure may resdl inpoor melting toget her of
the curd.

4. By zalting 1o early the aall solution may enter
toor eardy whereby the space between the
chesse graing increases and edge holes may
oocur. This may be remedied by cooling in
gither cold water or by air- cooling.

3. By rough handling of the pre-pressed cheese
wihen e.g. fransierring the chesse 1o the forma.

Overdeveloped eyes, blowing

The eyes of the chesse are heavily over
dimengioned. The cheese may bethe szeof a
football and the curd may be blown.

Blowing is often due 1o a contamination in the
cheese. Thisliterature study distinguishes betwesn
early and late blowing.
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Eady blowing ccoura within the first 48 houwrs of
the cheese making and is olten due to infection of
coli bacteria. They ferment the lactose and release
large amounts of H2. Giten the defect is followed
by a strong and penefrating unclean amall. The coli
bacteria are destroyed by low pasteunzation and
are therefore regarded a3 a post-intection of the
milk due 1o leaking pipes, pumps or usually due 1o
defectsin the cooling part of the pastewrizer.

Late blowing occurs later in the ripening process of
the cheese, mogsl often alter at least three weeks
of storage and is pimarly due 1o infection of
propionic acid bacteria or Josfridia.

Clost ridia are gpore forming, lactate-fermenting
bactena and release large amounta of H2. They
imfect the milk at the tarmer where they are
propagated vig the feed, oltenin the slage.

Ciost rigdia are pH senaitive and thereifore they grow
beat late i the ripening peried. Along with the
Clost rigia infection there will b2 an unpleasant
butync acid smell.

Infection of propionic acid bacteria is often easy 1o
trace asthe charactenstic "nutty” Emmentaler
tlavor tollows the infection. Propionic acid
bacteria grow poorly < 207G, terment lactate and
are pH sengitive aglow pH values inhibit the
growih. Therefore the problems with propionic
acid often oocur late in the storage period.
Sometimes increaang the pasteurization
temperature may solve the problam.

Addition of nitrate or lysozyme inhikits the growth
of Clost ridia.

Few eyes, compact

The defect can be caused by lack of gas forming
bacteria or addition of 100 much salt! saltpeter,
which imhibits the development of these bacteria.
Im addition The process technology wsed isan
important congideration. Changing the growth
conditions of the bacteria might aplve the
problem, using a different culture e.g. LD culture,
higher storage temperatures or changing the sait
conditions.

Many eyes

The detect is olten due 1o release of CO2 at a too
eary stagein the process at which the curdis not
yel adequately fused, having a consistency, which
gives viable diffusion conditions. This can be

cauged by 100 fagl citrate breakdown olten due 1o
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temperature. A loo low content of OC2-producing
bacteria or other factors preventing an adeguale

an imoalance in The starter culture because of 100 pregsure inm the curd may also cause small eyes.

high content of Nacelylactis. Too add

manui actured cheese may cause skin formation on SHits

the cheese grains and thereby poor melting

together ability. Too rough treatment of fresh Larger or smaller dits or fissures are seen in the

'Shﬂﬂw- wd_

Alower glorage temperalure may remedy 1he A too strong acidification may result in leaching of

problem. Ca++ and thersby 3 less elastic curd which doss
not yiedd 1o the OO2 pressure. Large temperature

small eyes tluctuations during storage or shipment may cause
the problem. Finally dits could be due 10 blowing

Small eyes can be due 10 a too low content of from e.g. Closf ridia.

citrate-fermenting bacteria or a too low storage
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