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STATEMENT OF PROBLEN

The purpose of this investlgetion was to improve
the generasl gquality of Swiss-type cheese made
from pasteurized milk. The points studied
particularly were:

{1}

The lmportance of the proplomiec eecid
beeteris in the ripening of the cheese,
both from the flavor snd eye formation
gtandpoints.

(2} %he influence of various factors on the

development of these organlisms.

(3} The chenges produced in the chesese
through the setion of these orgenisms.



HISTORICAL

Isolation of ?&aﬁiﬁnm Acid pacteris.

von Froudenreich and Orla-Jensen (33) wers the first
inveastigators to isolate the ceusal @rgﬁaim of the regular
proplonic acid fermentation in Swiss cheese. They used an
enrichment procedure which consisted of imsmmmg; the
tast material into & peptone calcium lsctate broth.
Tpansfers were made to gelatine plates and shake cultures.

The propionic scld organisms grew better in shake cultures

mads with whey agsr then when caleium lmotate agzar was used.
Trioli-Pettersson (56) found it 4iffiocult to isolate

propionic acid bacterisa by using the whey agar of von

nsen. 4n alkeline whey ager,

Freudenrelch and Orle-Jja
using & long incubation period, was more satisfactory.
Sherman (58) ecriticized the medfum used for enrichment
by von Freudenreich and Orls-Jensen. He suggested that
sodium lactate be used in place of caleium mmw because
the latter forms & heavy precipitate of caleium phosphate
upon aterilization. When ecsleium lectate was used the gzg :
of the medium was 5.2 after sterilizetion while with
sodium lactete it was 7.2. Shermsn used s medium composed

of peptone, yeast extract, lasctic acld (ss sodium lactate)

and ager fér the isclstion of propiconic scid bacteria.



Van Elsl (58) obtained betier development of gz*ﬁpmma
acid bueteris in enrichment liquids when yesst extract was
used in the place of @@g}%ﬁ@&a He neutrelized the me
o pH *?4% becsusse the a:aiiiw lactate conteined fres lsctic

acids

dium

racterisl Flora of Swiss<typs Cheeso:

The ripening of Bmmenthal cheese in & reduced atmos-~
phere wés studied by von Freudenrelch and Schaffer (54).
Cheess ripened under these conditions was mors or less
swollen, soft end bitter: It was concluded tha

t the ripenw
ing process goes on throughout the whole mass simultensous-~
iy end is not the resu
by bacteria growing at the sur

t of the action of ensymes produced

fTach
von Freudenreich (29) com

using Thyrothrix orgenisms which were believed by Duclaux

to be t&a chlef cause of ripening with Bmmenthal cheeses

ucted & seriss of experiments

Large numbers of these organisms were inoculated into the
gurd but soon éi%gz

T ﬁ&m Then wvon Freudenveich stiempt-
od to prove that changes in the casein during ripening

were due to lsctlc scld h&@%ﬁﬁ‘%& By using various lactic

acid cultures in akimﬁ.k he found that these

cansed & large mam% in soluble protein. Lectic scld
was alsc added to skimmilk ] inorease the
soluble protein.




10w
considered to be due to the organisms end not to the acid
produced. |

iﬁ &ﬁﬁﬁﬁﬂy'ﬁxgﬁﬁiﬁﬁﬁ% von Preudsnreich (30) inoculsted
skimmillk with lactic acld bacteria and after 4 weeks
- filtered the culture to obtaln the serum, Freshly filtered
skkimmilk contained 0,033 per cent nitvogen while the
£iltrete from the culturs contained 0,155 per cent, showlng

thet casein hed been changed to s soluble form: A chemical
exsmination of the filtrete showed that the nitrogen of the
soluble proteins was largely in the form of smides. Since

practlically only lsctlc scid produveing organisms were found

during the ripening, and other orgenisma cccurred only in

smsll numbers, it appesred that the lactle acid organisms
wore the cause of ripening. |
Orla~Jonsen (46) found that lactls acid bacteris
exercined an indirect influence in cheese ripening by
restraining gasay fermentation and putrefaction and o
direct influence on the decalcification of the parscasein
and on the decomposition of %ﬁﬁsalbﬁﬁ%ﬁﬁﬁﬁ.auhﬁﬁﬁﬁﬁﬁﬁg
In the sarly stsges of acidification sn unrecoznised
Streptococcus was the important orgenism. Iater in the

ripening process Bacillus caself predominated. This

orgenism reached its maximum development soon after the

choese was made, The suthor steted this fact confirmed

his previous view thet the ripening of herd cheese is due

to enzymes liberated by the disintegration of bacteriasl bodies



il
which wore present in the cheese during the first few days.
von Preudenrelch and Orls~Jensen (32} suoceeded in

isclsting the causel orpanism of the proploniec ascld

formentation. It wes nened Becterium seldl proplonici.

The organism was sble fo m&*ﬁ;&h lsetle scld with the
produstion of proplonic scld, scetic acid and sarbon
dloxide. ’

Thyee varieties of sercbiec bacteria which decompos

g%ﬁ*wmiwm found in Swedish farm mm~ by Trioli-
Pettorsson (56). Three other speciss were found which
produced proplonic and acetic aclds from calolum lactate.

The orgenisms were present in lerger mumbers in old than

ne variety grew only in the absence of

in young cheese.
‘a:&gfgm and was ?ﬁﬁi&%lﬁ in form.

Thoni (54) noted that coccl usually kw in
l-day old cheese but alfter & time dscreased rapidly. The
decrease wes followed by an Incresse in lmotlc scid rods

which eventuslly made up 80 to OO0 per cent of the flora.
In small cheese the lactie mcid rods predominated gven
when the fresh curd was examined.

Three domestic cheoese of the Emmenthsl-type wers
fellowed through most of & ripening perlod by Eldredge and

- Rogers (19)s about 1,000 cultures were lsoclabted and studied

in detell, It was not possible to separate these cultures
beyend three morphologiec groups, one of which was & long

rod, one a short rod and ong a coocus. AL the beginning
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w13
sonlding the :akm@ﬂizwﬁmi docroesed and the numbsers of
long rods remained constant. The high temperature of the
streptococci snd lactobacilli, During ripening the rods
deersased wniformly end the streptococc! decreased for the

chesge during pressing saused an incroase

firat & weeks and then again increased. Streptococcus

lactls types completely receded when the cheese was placed
in the salt bath. At the same time Streptococcus thermophilus

reached its high point. Streptococel appeared in the third

week of ripenlng and inereassed until the seventh week; a

decresse then occurred. Streptobsscteria appesred to play

an lmportant vole in the ripening after the seventh weok.
Demeter and Schmid {15) isclated bacteria from

Bmwenthal cheese and classified them socording to the

W@@ﬁ%@ﬁ by Orla-Jensen. The following orgenisms

syaten

were found: Streptococcus thermophilus, a Streptococous

closely related §%ﬁ§§ﬁﬁ§%&ﬁ% fesclum, & Betacoocus,

Tetracoccous liquefaciens, Telracoccus sasel, Thermobscterium

helvetioum, Thermobacterium lsctis,
and Streptobacterium planterum. Acid-proteoclytle bacteria

Streptobacterium cesel

were found so rarely that thelr lmportance In the ripening

of Bmmenthal choese was guesilonod. _
Aocording to Babel and Hemmer (3} the correlation
bvetween the sweet flavor of Swiss«type cheoese and the

presence of large numbers of proplonic eclid orgenisms



Ry

suggestes that certain products formed by the organisms sre
of specisl significence as flavor contributors. Swissetype
cheess with considerable of the characteristic sweet flasvor
yielded & much higher volatile scidity on steam distilletion
than cheese lacking in flavor. Addition of calcium
propionate to process Bwiss-bype whaéaa lacking in flavor
gave %ﬁﬁ=}ﬁﬁﬁﬁﬁ% & awest Tlavor. @%ﬁ;w&&m&%& auggeat that
propionates, of which calclium propionate is presumsbly the

most significant, are important flavor contributors of

Swisa~type cheese.

Bye Pormstion in Swiss~typs Cheese.

Orle~Jonsen (45) concluded from hls studies on the
formation of eyes in Dmmenthal cheese that the normal eyes
were not produced by the sgents eausing normal ripening,
that is by lactic acid producling organisms and that the
zas, which is the immediate osuse of the eyes, is not
produced from the milk s
The suthor believed that the lactic acid orgsnisms of cheese

gar but from nitrogenous substances.

under certain conditions formed traces of carbon dioxide
| from nitrogencus substances and that these traces were the
cause of normal éye formation.
von Freudenreloh and Orla~Jjensen (58) found that
dactic acid in Emmenthsl cheese was fermented according to




15w
the following squatlon:

| 3 Ol +CHOBUCOOR — 2 ClHgaCHysCOOK + Gy +GOOH + €O, + H,0
The carbon dloxide liberat
said to be the cause of normsl ‘eye formation.

d by this ferwentation wes

B Studies were made on the salg tolerance of propionic
acid becteria by Orla-Jensen (48); 0.5 per cent salt checked
the development of the @gam,ﬁm and 10 per cent Wwf&nﬁa&
their growth mﬁiréiy* | ?@ﬁ& results apparently ezplain
why the outer laym saf large Wﬁth&l cheese and also
small cheese contain fewer oyes then the sentral part of
large cheese.

Trioli~Petiersson (87} reported normel eye formastion
in chesse incculated with lsotic aseid bacteris, liguefy-

ing eocci and Becterium glycerini. In two cases normal
oyes %w Shtained by adding proplonic acid bacteria and
liquefying wvoccl, however, when the cheese was well
ripensd the characteristic mﬁm was less pronounced than

The large numbers of Bacillus casel¢ found in
Bmmenthal choose 1&@ Burrl and Stauvd (10) to sdvance the

gueation as to whether this organism plays the main role
in the ripening process. Since proplonie acid bacteris

also ovccur in large numbors, the suthors were undecided

as to whether thils gas forming group or Baclllius casel €,

or both causs the eye formatlion.
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Clark (12) reviewed the literature on eye formation
snd found little or no evidence that the syes of Emmenthal
cheese ave strictly localized at points of excessive bacterial

growth. Ho belleved that the gas produced in Emmenthal cheese

separated in aggregates whose location had no necessary
relation to the place where the gas was produced., Rapld gas
production was considered to result in the formstion of
numerous small eyes and slow gas production in the formation
of large eyes.

Sherman (52) exemined 16 samples of American-made Swiss
cheess and found the lsctate fermenting orgenism in 0,000,001
mount used. He stated that the organism

gram, the smellest s

responsible for the eye formation and the characteristic
flavor was clesrly established end gave a description of it.
Cheese made in the 2&%&?&%ery>£§am,milk inoculated with
this organism further demonstrated to him that it was the

cause of eyes and the charecteristic aweetish flavor.
F?ﬂ&iﬁ¥ aﬁ§ ¥Wing (85) stated that in the past 5 ml. of
& broth eulture of proplonic acid bacteris had besn added
to 100 pounds of milk intended for Swiss cheese, regardless
of the age of the culture. ﬁann§a~mﬁﬁﬁ on these broth
cultures showed that the bacterla vearied in numbers from
8 or 9 billion per ml. in S-day cultures to sbout 6 million
after 1 month and about 2 million after 2 months, The
older cultures survived heat trestment betier than young
cultures, A study of the organlems iIn cheese at different



]

stages during menufacture and ripening showed that they

d4id not ﬁ&ew@aﬁﬁ mﬁwkﬁﬁiy during storage of the cheese in
the cold room (about 12°C.) for 14 deys. After the cheese
was removed to the warm room (about 22°C.) there was little
inerease in numbers until the beginning of eye farmaxién,
when the cheese was § or 4 weeks old., At the béginning of
eye formation the incresse was from ¢,000 per gram to 50,000
to 150,000 in chesse to which proplonie aclid culture was
addeds, In cheese to Qﬁia& no propionlce seid culture was
sdded, the number of proplonic scid orgenisus 3 days
previous to the first signs of eye fermaéiaa was as low as
300 per gram. By the time the eyes had sterted this number
inereased to 160,000 per gram« The counts did not usually
reaah,l billien per gran un@il the chesse waas awaut 2 months
old, or sometime after the eyes wers completely farm@ﬁ; At
this time the propionic aaiﬁ bacterie ususlly aamplatﬁly
outnumbered eny other srg&niama in the cheese.

Prazier and Wing (26) found that in experimental chesss
an excess of proplonic acld culture uauall? produced an
over-set cheese. Excessive growith of the propionic aecid
bacteria, especially in the later stages of ripening, tended
to cause glass and checking. When moderate smounts of
pr&gimnie acid culture wers used, the number of eyes formed,
the time of beginning eye formation, and the time for
completion of eye formatlon were independent of the number

of proplonic acid bacteria added, Cheracteristic eye formatiocn
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were used alone or combined with other organisms. The cheese
414 not ripen properly when liguefying bacteris were used
alone. ' i

sﬁﬁmﬁtﬁfizé degscribed an experiment in ﬁhiah,lﬁ cheese
wore made wiﬁh]t&ﬁ»aﬁﬁ of pure culbures of Bacillus nobilis
and 10 cheese without. The cheese mede with the pure cultures
were superlor to the control cheese In flavor and arome.

Orls-~Jensen {47) studled various cookling temperatures
ranging from 48° to 63°C. with corrvesponding stirring periods

ranging rram,eﬂk»ﬁﬁ\%ﬁvmiﬁmtaﬁi He found that a tempersturs

lower than 55°C. was not satisfactory. The use of cultures

of Bacterium scidl propionici produced desirable flavor and

eye formation at &ll teumperatures ﬁﬁ@%ﬁ?ﬁ&, even st 60°C.
Doane (16} veported thet pure cultures of Bacillus
bulgaricus could be used with perfect r&ﬁﬁit3~iﬁ suppressing

undesirable feormentations, prinaﬁﬁa&ig*gagg The efficisncy
of various strains in suppressing gas was not ﬁérrelﬁ%aﬁ
with their acid producing ebility. Baeillus bulgaricus

@a&ﬁﬁrﬁg did not have any effect on aye formation or interw
fere with the flaver or texture. The suthor bellieved that
such cultures would help meke s more uniform cheess during
the summer months. o

Shermen (53} found that three different cultures could
be used to control fermentations in Tmmenthal chesse;

&aaﬁaha&xizggfx;

j‘ari&ﬁﬁ»$ﬁ§§?éﬁﬁﬁé gassy fermentation
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produced by undesireble bacteris, Bacterium gcidl proplonici

| iﬂﬁﬁ?ﬂﬁ’ﬁﬁ?&iﬂ&ﬁ&ﬁﬁ of the charscteristic flasvor as well as
~ formation of eyes, and Lactobacillus gasel controlled over=
swelling at times but wes not always successfuls

The benelits derived from the use ﬁf;gﬁ?e sulturss are
enumerated by Matheson (44) as followss (1) pure cultures
reguire that commercial ?ﬁﬂﬁ%ﬁ be used and this mekes & more
ﬁnifarm.@ﬁaaaﬁ, {2} propilonic scid culture and ﬁ&@iﬁi@ﬁ

bulgsricus culture open up the cheese without difficulty at

all seasons of the year, () Bacillus bul

carisus culture
reduces the number of "stinker cheess®, snd (4) sn incresse
in the price of the cheeso resulbts.

Burkey and sSanders (6) studied the action of pure

&ﬁ&%ﬁ?ﬁ$~Qf‘éﬁﬁtﬁbaﬁillﬂﬁ gagei and §@r§g§@ﬁaaag§_thsrmaghilua
with regard to theair secld production and their effect on

drainage of Swiss cheese in the press. JLactobaclllus gesel

cultures which were active at high temperstures started o
grow &t the outside of the cheese 2 to 3 hours after it was
dipped. Growth In the inslde of the chesse was limited to
Streptococcus thermophilus for the first 5 hours. 4 great

difference in acld development betwsen the oubtslide and
inside of 8 cheess was believed to check the flow of whey.
They thought thls trouble could be remedied by the use of
starters which would provide an sctive growth of Straptococcus

thermophilus in combination with the proper Lactobeslllus casel
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oulbure.

Frazier, ot al. (21) stated that results of fisld work
indicated the use of raw whey or incubated keitle whey
starters in Swiss cheese caused better draining of the cheese
in the press and resulted in betier chesse. From incubated
kettle whey & pure culture of Ztreptococcus thermophilus wes

isolated. 7The use of pure cultures of Streptococcus
therwophilus improved the quality of the cheese but seemed to

cause more glass and checking than was found in the control
cheoss.,

Frazler, et al. {(24) used s series of pure cultures

consisting of Strveptococcua thermophilus, Lactobacillus sasei,
Isctobacilius bulgericus and Propionibacterium shermanii mﬁ
studled thelr growth and activity in the Swiss cheose kettle.
Stroptococcus thermophilus increased in numbers during the

kettle process end the incresse was most rapid when the
temperature of the kettle contents was high. Iactobacillus

casei, lactobaciliua bulgaricus and Propionibacterium
shermanil did not increase in numbers during the kettle

process snd usually decreased. Streptococcus lactis usually
inereased in numbers during the first part of the kettle

progess but was stopped by the cooking bemperature.

Frazier, st al. {20} also studled the growth of various
orgenisms during the time the cheess was in the pross.
gﬁz*ag%mw% thermophilus usually decreased during the first
2 oy & hours snd then Increased rapldly until the seventh hour;




aftor this there was either a slight increase or decresse.

Lactobacillus helvetious usually decreased slowly until the

sixth oy seventh hour in the press, after which a fairly
repld increase took place. Isctobecilius bulgaricus usually
decreased for the first 5 hours after dipping and then &

repld incremse in numbers took place. ILactobacillus bulgsricus

did not grow until the tomperature was below 44°C.
Propionibacterium shermenii 4id not grow in the press.
Burkey, Sanders and Matheson (7) studlsd initiation of

growth of certalin organismas in the Interior of Swiss chwese.
Streptococeus thermophilus begen to grow within 2 or & hours
after dipping, Lacteobacillus bulgaricus within § or 6 hours
after dipping and Lactobaeillus helvetlous within 9 or 10

| hours after dipping. ‘

Frazier, Long and Johnson (23) determined the sultability

of Btreptococous thermophilus for the ripening of milk for

Swiss cheese., These investigators thought thet if this
organism could be used it might be grown ab such & high
temperature that other organisms could not grow and ripening
would be accomplished in a short time. #ilk ripened with

Streptococcus thermophilus for a short period improved the
guality of the cheese buk ripening for 75 minutes either did
not improve or else harmed the quallity of the cheese.

Streptococcus thermophilus was active In the kettle and grew

to & limited sxtent In the press. Ripening part of the milk

with Straptosoccus thermophilus lmproved the quality of the
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cheose when the kettle milk scted Ydead®,

purri {8) stated that although the propionic ascid
bacterisa wore discovered iIn 1904 it has taken & comparatively
| long time for practieal use of the discovery to be made in
Switzerland., In 19256 chessemakers were supplisd with pure
cultures of proplonic acid bacteria and have since wecognlized
the sdvantage of using such culturea. By 19356 there were
342 factories voluntarlly employing cultures.

Use of Pasteurized wilk in the sanufscture of Swiss-type
Cheeoas.

von PFreudenreich and Orla-Jensen (31) made small
experimental cheese from pasteurized milk inoculated with
different lactle acid basteria, Duclaux's Thyrothrix bacllli,
ate. The resultes led them to conclude that the pasteurization
of milk for Emmenthal cheese unfavorably affected the quality.

Winkler (61) reported that all the pasteurized milk
cheese made by him in 1987 was third grade. In 1928 some

second grade cheese was made and additional progress followed.
The pure cultures used ln the triala were oblained from the
Austrian Experiment Station.
Fruhwald (35) stated that so
chesse originate from manufacturing methods bul most

e defects in Bmmenthal

originate from hermful bacteris. Defects caused by orgenisms



w2l

can be eliminated by-uaiﬁg good milk or by pesteurization.
The author recommends a simple pasteurization proceas, such
ag heating in the kettle at 62° to &3°C. for at least 15
miﬁatas@ He also recommends the use of pure cultures,
Pastourized milk cheese was rarely found to swell in the
press and when it did there was defective pasteurization.
Short-tinme, high-temperature g&ﬁﬁaurigaﬁiﬁﬂ was sultables when
the milk was of good quality, but when the milk was lese
satisfactory the holder method was more suitable,

Zeller, Demster snd Christimnsen (62) were unsuccessful

in their attempts to meke Fmmenthal checss from raw milk.

Vvarious cultures were used, The first succssaful cheose was
made from pasteurized milk to which & culture of Bacillus
gaseif had been added. A bacteriologleal ezamination of
the milk 41d not forecast the guality of cheese that would
result.

Kleng (41) found that Immenthal cheese could be made
from hesied milk when pure cultures were¢ sdded. Pasteurization
favored the §r§ﬁaa%iaa of characteristic eyes, but the flavor
and texture of the cheose were unfavorably influenced. To
overcoms the disadvantages of pasteurization, the evening
milk was heated and then mized with rew morning milie,

Burtscher (11} belleved that pasteuriszing the milk for
Emmenthel cheese would be & means of facllitating and
slmplifying gra@nﬁ%iaa.af milk for cheese. He found pasteur-
ization had a favorable effect on formstion of eyss, but an
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unfavorable influence on flavor, texture and keeping quelity
of the cheese. m‘tﬁmw preferred cheese of average quality
made from rew milk. Burtscher noted that the heating of
milk originated in the necessities end emergencies of
industriel conditlions and has been useful; however, thers 1s
no reason why the heating process should be described ms the
modern :ﬁaatimi or be recommended for general use as long as
it is impossible to produce as good cheese with it as with
raw milk supplled under normal conditions.

FPruhwald (36) stated that passteurlzation by the holding
method may be regarded as especlally well sulted to the
making of Emmenthal cheeses In the fisld of short-time
pasteurization the Todt @ﬁ%&:&i%& wes exceedingly well
adapted to Bmmenthal cheese pi*muefsiz:«m

{:‘%ra,t,f& {38) conecluded i‘mm &&3 experiences that it is
hopeless to endeavor to improve bactericlogically, kettle
milk unsed for the menufascture of hard choess by any kind of
pasteurization method if the milk is strongly infected with
butyric acld baecteria. In his work cheese swelled when they
contained only & or 4 butyrie acid bacterie per kilo. Naking
hard cheese from pasteurized milk was not recommended if the
milk was obtained from cows which wors being fed materisls
eontaining lerge numbers of bubyric acid bacteris. Ensiled
feeds, psanut oake and feeds {such as beets, beet heads and
beot leeves) solled with sarth were found to contain large

numbers of such organisms, Gratgz belisved thet with
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S8ince whole rennets were sosked in whey t0 extract the asctive
curdling principal, the orpanism was carried from one bateh
of cheese to another. Whey btaken baak to ferms was also
infected and the organism was found in esch patrons milk
axcept one.

Cultures of an organism taken from abnormel red spots

on Emmenthal cheese were studlied by Thoni and Allemann (55)

and their charscteristics found to be similar to the proplonic

acld becteria isolated by von Freudenrelch and Orla-Jensen.

' Sinee the new species had the pow

er to produce &

red pigment
ed 1t Bacterium

ag well aas proploniec acid, the suthora nam
2cidi propioniei war. rubrum.

Burrli and Staub (9) noted black spots of irregular size
and shepe on the rind of BEmmenthal cheese, The porilon of
cheese on which the spots were located was dry and crumbly
and this condition extended for some distance Into the cheecse.
A wmicroscopiec examination of materisl btaken from these dark
spots revealed the presence of bacteris, vessts and &n
unknown spscies of fungus with gﬁﬁﬁﬁmiikﬁ'&ﬁliﬁrlﬁ'té e
microns long end with hyphee containing a ﬁwﬂwnishyklaak
colorving material. In pure culture, the

yeast~like buds which developed into organisms wlth branche
ing hyphse; nc conidis or cther spores were ohserved. The

formetion of the black color was not considered 4o be due
to enzymes but to a purely chemieal process. The suthors

named the causative orgenism Nonille nigre.



Hastings and Frazier (40) found on analysis of certain
defective cheess thet the odor incressed as the cheese aged
and wag characteriged by hydrogen sulphide. large
of butyric acld bacteris were present in the spolled areas

nunbers

while very few of them were found in the unaffected cheese,
The butyrle acld orgenisms were able to grow in the presence
of considerable aeid,

&n investigation by Albua {2) to determine the cause of

an unusually large muwbey of nissler and pressler cheese in
one factory led to the lsolatlon of Qlostridium welchii.
Repeated efforts to isolate a gas forming sercbic organism
from defective cheess were unsuccessful. Experimental
cheese were made from milk to whieh cultur
welehil and Lactobaseillius bul

8 of Clostridium
aricus bad been added. Large

emounts ﬁf*&aﬁ%a%aaiiiﬁa‘&ﬁia&&%ﬁug’ﬁﬁzﬁnra together with an
rature had little or no effect on the
development of Clestridium welchii in the cheese. It was

inereased cooking tenpe

found that Clostridium welehii could produce gassy cheese

of both the nissler and §?§&$Zﬁ? types. On a few occcasions
the cheese wade from milk incculated with Clostridiuvm welchil
showed little or no gas, slthough there was no varistion in
the methed of manufacture used. An unﬁatermina& factor was

pelieved to play a part in the oecourrence of gasay fermenta-

tion in cheese, &a?aaiaizy\iﬁ gooked cheese.
Demeter {13) studied the frequency of bubyric scid
bacteria in kettle milk during 1831 and found sn increase in
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Harch, then a drop which was followsd by & maximum during the
second half of May and ell of Junes The presence of these
a?gﬁﬁﬁaﬁ@fﬁas determined by the Burrl method (shake cultures
in glﬁﬁ@ﬁﬁvagéﬁ} and the Weinzlirl method {sporogenes test).
In instances where both the Burrl and Weinzirl tests of
kettle milk showed & low conbtent of ansercbic sporeformers

{Septenber to Novewber), the cheese wore almost blind. By

proper use of good Emmenthal cheese sterters, even the
strongest conteanination by butyric acld orpaniems could
be held in check.

Koestler (43) stated that slow eye formstion, bleolored
curd and brown colonies of bacterias visible to the naked
eve are defects which freguently oscur together in Emmenthal
cheese. The distribution of water, fat, salt and scid (pH)
did not explain the formation of the two kinds of ourd.
Host bicolored cheese had an accumulation of calelum under
kthe vindy the non-blcolored cheese had a higher pepeentage
of caleium in the interior. A marked irreguler dlstribution
of nitrogen was noted in the bleolored cheese. The author
belleved that the origin of the two kinds of curd wes in
ﬁérﬁaiﬁ gonditions found in the fresh chesse mnd arising
frﬁmfan irregularity in the fermentatione.

Dorner end Thonl {18) found odoriferous fermentation

or gray deesy of cheese to be & defeet which sppeared 4 or 5

months after the cheese was made, It was flest svident

when the pH of the cheese increased, This change in pH
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was acoompanied by & chanpge in flaver and odor of the cheese.

The geuae of the sbnormal fermentation wes found to be

Bacterium proteclyticum n. sp. When the milk used for making
ehﬁa$$ aﬁa$aimaﬁ 10 or more cells of this orgenlsnm per ml.,
a~$@%aﬁégr? odoriferous fermentation resulted. Choese badly
infected with this organism hed 2 high pH, & bad odor, a
g%&y«éﬁlﬁf or dark spots ﬁﬁﬁ‘ﬁﬁﬁ Zassy. |

Hydrogen Ion Conecentration in Swiss-type Cheese.

Wetaon (59) noted that the changes in hydrogen ion
coneentration in cheese have been glven very little sttention.
He described a rapld and sccurate method for following these
changes. The pH walues of cheese plugs were found to be

8lightly lower than those of the whey from the same cheesge,

When the same amount of culture Ca (lactobacillus plus
mycoderm) was added, & cheese cooked to 5258* developed acld
faster and to & higher peoint than & cheese cooked te BE8°C,
Culture Oa developed greater acidlty in & shorter time than
culture 39a (lactobacillus bulgericus). Cheese made with 2
per cent of culture Ga developed more acid than when 0.125

per cent was used.

Watson {60) found the use of culture Ga geve & greater
development of aecid in Swiss cheese during the first day
than the use of culture ﬁga; The difference in aecld
resulted in a more thorough proteclysis and harder texbure.
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Production of & desirable soft bexture wss not necessarlily
coineldent with the highest degree of proteclysisy quite
Cthe opposite was true. Experiments Indiceted that the cholce
of the culturs waa an imporient fsctor in the control of
hydrogen ion concentration, vipening and texture of Swiss
cheecge,

Koestler (42) determined the importance of hydrogen lon
concentration on ecertaln properties of herd cheeses. The
pH of Fummenthal cheese I months old, sccording o numerous
determinations, was 5,45 te E,75. UOruyere cheese was higher
by C.1 pH. By taking inte sonsideration the fact thet
normal ripening cevses an incoreasge in pH, Foesltler beslieved
Emmenthal cheese 4 dayes old should have 8 pl of 5.10 to
8,40, Cheese that was too hard was thought to be due bo
many foactore and not necsssarily to an abnormel aciditv.

Freazier, et al. (20) noted that Swiss cheese sh&waﬁ &

fairly rapid drop in pH during the first 7 hours in the
preas and & more gredual decreasss therealber. ?ﬁw ingsrease
in acid was due bto Streptococcus thermophilus. The pH of

the cheese after 21 hours in the press served as an
indication of the setlivity of lactobacilll. Results
indicated that the pH sfter 3 hours in the press should be
B.80 or less, and after 21 hours 5.15 to 5.30. Acld pro-
duetion in the press that was too raplid resulted in repid
drainage. Slow seld produetion favored insufficlent drainage

and delayed eye formetlon,



Frazier, et al. (22) noted that Lactobacillus helveticus
was most effective a8 a milk culture when it hed an ecidity
of 1.00 to 1.09. A 12 hour culture of Streptoscoccus

thermophilus had an scidity of about 0,70 to 0.75 per cent

when grown in milk and 0.50 to 0.35 per cent when grown in
whey. The pH of the cheese in the press, which served as an
indiestion of the setivity of the culture, wes 6.0 to 6,09
after 3 hours when made from milk of pH 6.5 to 6.6, The

pH of the cheess In thﬁvaaﬁa,maé found fo be most desiveble
when 1%t was less than 5.2 after 21 hours and preferably

betwesn 5.15 and 5,0. With good milk, 2 slow development

of acld throughout the first 21 hours usuvelly gave & good
ahseagp The @ﬁtﬁf sueh cheese could be as high as 6.1 to
8.25 after & bours in the press and over 5;3 after 21 hours.
Burkey,  Sanders anﬁ.ﬁﬁ%hﬁﬁﬁa {7} found large differences
' in‘gﬁ‘hazwaﬁnfthﬁ interior of the chesse and the @&rﬁi&nA
A 3uat\§aﬁaa%h the ri#ﬁ. This condlition resulted in
insufficlent dralmage and high moisture. The difference in
pH was thought to cause such ﬁaf@atﬁkaa checking neer the
rind or glass,
Dorner and Ritter {17) carried oubt controlled teats
in the manufacture of a i&rge number of Emmsn%hai and
Gruyere cheeses. These %éa%g were used as the basis of a
statistical study deslgne 7
the grade of cheese, It was fﬁﬁﬁ@ that the pH value of &

d to indicate correlations with




cheess 24 hours old may be used as the basis for predicting
the quality of the finished chesse and for adjusting details
of mamufacture thet mey improve the quality of cheese
subssguently made. 4 pH of ﬁ;ﬁ in a cheese 24 hours old

was most desirable,



HETHODS

Hethod of Enumerstion and Jsolstion of Propionic Acid
Bacteris.

The method used for emumeration and lsolation of
propionie sold bacteris was essenbielly that employed by
Shermen (62). It consisted of inoculating the test msterisl
into sheke cultures of sodium lactate agar having the
wawwamw&w compositions:

; Peptone 2.0 per cent
B8odium lactate 1.0 per cent
Vashed agar 115 ber sent
Water to meke 100.0 per cent

pH 7.0

The cheese used for inoculation of the shake cultures
was welghed {1 gram) on @ sterile paper, ground in & mortar
to a smooth mass, ¢ ml. of sterile squeocus 2 per cent
sodlum citrate added, and the grindivg continued until a
homogeneous suspension resulted. The suspension %ﬁw used
in preparing further dilutions in water. The various
dilutions were added Lo the tubes of melted ager after it
had cooled to 45° to 80° C., and were distributed by roll~
ing the tubes Letween the palms of the hands., When the
sgar had solldified sbout 1 inch of sterile 3 per cent agar
was waﬁwwa over the top of each tube to limit the entrance
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of air and to prevent the cultures from drying too rapldiy.
the shake cultures wers incubsted at 30°C. for 2 weeks.
Coloniea which had a smooth oy winged surface and which
were yvellow to light brown in color by ;ranﬁmit%ﬁﬂ light
wers considered to be propionile acid bacteria and were

ermumersted as such when making counbs. They were also the

type picked when isclestions were made.

Method of Identification of Proploniec Acid Bacteria.

Golonies which showed the charscteristies of propionic

acld bacteris iIn shake cultures were plcked into tomato
bouillon of the following compouitions

Tomato juice 40.0 per cent

Peptone 10 per cent

Peptonized milk 1.0 per cent

Water to make 100.0 per cent

pH 740
#hen sufficient growth had occurred, the culitures were
purified by mslting loop dilutlons in sodium lactate sgar
shake cultures. After incubstion for 2 weeks st 30°C.
& typlesl, lsoclated colony was plcked.
After s culture hed been purified, 1t was checked for

mﬁ??ﬁ&l@g? using the Gram stein. Nembers of the genus

Propionibacterium ere rather short rods when grown under

ansercblie conditions,

an pogitive Iin young culbures
and do not form gpoves.

Cultures were also bested for catalsse since sll but

- Al ke
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one of the known apecles of the genus Proplonibacterium

are catalsse positive. The catalase test was made by placw
ing a few drops of an actively growing culture in a

sdding one or two drops of

depresaion of & spot plate and
hydrogen peroxlde (3 per cent). Cultures showing an
ev@iﬁﬁiﬁﬂ of gas weye desipgnated as catalase positive.
The finel step in identification of propionic acld
bacteris was to determine thelr nbility to ferment lasctic
scid or sodlum lactate under snsercbic conditlions. A
purified aulﬁure was incculabed into one flask containing

0.5 per cent yeamat extract snd 1.0 per cent sodium lactate

in water and into another flask containing only U5 per cent

veast extract in water. These flasks were incubated ab
30%C. for 2 wesks under an atmosphere of carvon dioxide
and then distilled for volatlile scids. Ten times the
original volume was collected. The distlillete containing
the volatile acids was used for ldentifleation of the acids
{49 )«

by the partition method of Osburn, Wood and Werkma
411l menmbers of the genus ?rﬁyi&aib&ﬁﬁﬁrzgm fermond zaﬁtiﬁ

seid under ansercobic sconditions with the forsmation of
propionic and ascetic scids.

Hethoed of Deternining Volatile aeiﬁitg'ﬁf Cheese.

The volatile scldity of cheese was detefmined by steanm
distillation. Pour hundr

ed grams of shredded cheese weas

b, K
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method of Bresgesale and Bird (5}« It consisted of welgh~
ing 10 grams of filtered fat inbte s 125 ml. Erlenmeyery
flask, dissolving the fat in 25 ml. of scid-free petroleun
@%hay,‘&dﬁﬁﬁg 10 ml. of absolute sloohol {previcusly dis-
tilled over solild potassium hydroxide) and titrating to
the phenolphthalein endpoint with H/20 potassium hydroxide
in ebsoclute alcchols The acld number was expressed ss the
number of milliliters of §/20 potassium hydroxide required
to neutralize the free fatty solds in 10 pgreams of fab.

Hethod of Determining Hydrogen Ion Concentration of Cheese.

Pwo grems of cheese was placed in a mortar and ground
to a thick paste. Ten ml. of Dolled and cooled distilled
water was added, and the mixturs ground %o & homogeneous
suspension. The gample was agaln mixed prior to use.

Hessursments were made with a potentiometer uﬁia@'

a quinhydrone slectrode and sabturated celomel cell.

e, | ik b



RESULTS OBTAINED

m&w of mﬁp'imiﬁ Acid Bacteria in various Cheeses.

Tows 3@&3& ~type g&w&&m

am Bwilse~type cheese made on & &ﬂ%ﬁwﬁﬁmﬁmiﬁl amm in

‘i: ’gW
Department with the method suggested by oss, Nielson and
Hortensen (37) was examined for the numbers of propionic ascid
~ bacteria present. Forty samples of cheese classed as having

the cheese lsboratory of the lowa State College pairy Ix

good, falr end poor flavoy and eye formetlion were selected.
This cheess renged in age fvom 2 to 14 months, with the
ma jority of the mmz:v}.aa being & to 4 months old.

ﬁ?&%}&& 1 shows the m&gzbam of propionic acid bacteris in

Iows &wiaaﬂtm cheesa of various m&iﬁ:mﬁ@ Although cheese

having a @hﬁ!‘ﬁﬁt&?iﬁﬁiﬁ sweet fi&vﬁr had s wiﬁa range of counts
of propionic acid %:sam;&x*m, over B0 per cent of the s

mss
olassed as having & good flavor contained more than 100,000
proplonic acid bacteria per gram. All the chesse having a

falr or poor flavor conbained less than 100,000 per gram.

fiavor con-

The majority of samples classed as having & pooy
talned Zﬁw than 1,000 per gram. In gmmi, good flavored
cheese contained large numbers of proplonie acid bacteria
while poor flavored cheese contained relatively small numbers.




Table 1. General Fumbsrs of Propionic Lcid Bacteria in Forty
; swiss-type Cheese of various Qualities .

No propionic sold bacteris added

?repi&aia acid : Number of cheese : Number of ahaaaa
bacteria per gr&m af- “1t,~'~%a,» 2. 3ith.eye formetlo)

>1,000,000 4 0 0 4 0 0
100,000 - 1,000,000 5 0 0 5 0 o
10,000 - 100,000 0 3 5 4 5 0
1,000 - 10,000 1 4 4 6 2 1
<1,000 1 6 g 9 5 1

A able. .



~4 1

Swiss-type cheese with good eye formation showed & wide
range of counts of §?§§i¢§f¢~a¢i§'%aa%$§ia@ The counts on

chesse with well formed eyes ranged from less then 1,000

(actually less than 10) to over 1, ‘

,000 propienic acid

300

bacteria per gram. Cheose ﬁgviag;fair eye formation a&nﬁa&&&ﬁ

less %‘“;zlﬂgﬁﬁﬁﬂ*ﬁnﬁ:ﬁﬁﬁéﬁﬁzhﬁviﬁg poor eye fa@aa%ioakxﬁ&a 
than iﬁgﬁﬂﬁ per gram. The results Indicated that & cheese
may have good, fair, ﬁﬁ'@ﬁég eye formatlion shd yet contain
essentlally the same numbers of propionic scid bacteria.
Cheese contalning Q?arjiﬁﬁgﬁa@'pragiaaiﬁ'aaié bacteria per
grem, however, regularly had good eye formation. Sinee 11 of
the 40 cheese oxamined had a good flavor end 28 of the 40 had
good eye formation, 1% sppears that with this method of menu-
facture it is easier to obitain good eye formstion than good
flavor. |

Domestic Swiss cheese.

Twelve samples of domeatlc Swiss cheese of aversge quality

a8 regards flavor and eys formation were examined for numbers

of propionic acld bacteria. The semples were from cheess about

1 yesr old. All of them contained rather large numbers of
proplonic acid bacteria, the counts ranging from 400,000 to
1,100,000 per gram.

Cheddar cheese.

Pifty-fouwr samples of Cheddar cheese of good and poor
quality, and varying in sge, were examined for numbers of
propionic ac¢id bacteris. Most of the samples contained leas
than 5,000 per gram. %ﬁ§h a§pw$x1ma$91§ 15 per cent of the



samples exemined, no propionic acid bacteria could be detected
in 0,1 gram. Oeccasionally samples were encountered whish con~
‘tained over 1,000,

Foiry

mples containing very large mumbers of proplonic acid bacterla

ceme from one locality. There was no correlation between the

number of prepionic acld bacteria and guelity or age of the
cheesa. | |
¢smned Cheddar cheese.

Two samples of canned Cheddsr cheese were examined for proe
plonic acid bscterim. oOne of the samples hed eyes similar to
those in Swiss cheese; it contalined 510,
orgenisms per gram, and from it three species of propionic acid
ed Cheddar
cheese, no propionic acld bacteris wers detected in 0.1 gram.

000 propionic acid

bacteria were isclated. With the other sample of camn

Hepufacture of Swiss-type Cheese with the Addition of Propionie
Acid Bacteria.

¥asnulactuwring procesdurs.

The milk ueed in 8ll experiments was mimed herd milk of
average quality which had been pasteurized at 61.7°C. (143°F.)
for 30 minutes. The titratsble scldity of the milk prior to
the eddition of cheese starter ranged from 0.1l to 0.15 per
cent, ealculated as lactic scld.

The propionic acid cultures were carried as stab cultures
in sodium lactate ager. The culture to be used for chesse-
making was inoculated into tomato bouillon and incubsted for



B
48 to 72 hours st 30°C, Various amounts of proplioniec secid
culture were used, vanging from 5 to 100 ml. per 100 pounds of
milk, It will be noted in the experimentel data that 85 ml, of
’  00 povnds of milk gave good results. |
After the milk wes placed in the cheese vabt it was brought
pereture of 29.4°C. (85°F.) and 1 per cent of mm
cheese starter améi the propionic acid sulture added. The milk

was allowed %o ripen at this tewperature until en increase in
titratable acldity of 0.01 te 0.015 per gent over that prssent
immediately after adding the cultures was obtalned. The period
required to obtein this incre:
At the end of the

ds of milk was &

se ranged from 30 to 45 mbmtbtes.
ning period 3 ounces of »

ennat per 1000
dded. Uesually from 30 to i

utes wers
raguired for the our
The curd was cubt with 1/4 ineh Imives into cubss and further
cut with the vertical knife until the curd perticles were about
the size of wheal kernels. It wes then stirred with a fork
for approximately 80 minutes in order to sxpel tm whey. ‘&if;’
the end of this time one~third of the whey was romoved from
the vat. Cooking was acgcomplished by adding wabter at 65.5°C.
{150°F.) to the curd-whey mixture. The water wes added in
three or four porilons with constant stirring wntil the tem~
porasture reached 3B.8° o 41.1°C. (10R° to 106%F.)sx In the
first experiments a bemperubture of 3I8.8°C. (10B°F.) was used;
in lster experiments the cooking tempersture was raised to
41.1°C. {(106°F.) in ord

d to reach the correct sutiing consiatency.

ar to obtalin chesss with less molsture
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and 2 firmer body. The cur
ature for sbout 20 minutes. curd was suitebly fimm
it wes collected at the uppsr end of the vat by mesns of &
perforated retainer and allowsd to mat. The whey was drained
at this point. Nabting
plates on top of the cuvd. When the curd hed matted sulfl-
ciently it was out into blocks snd pleced in wooden hoops.
The curd was turned in the hoops seversl times at 10 minute
the curd mass conform to the shape of the
hoop. The cheese were mm}a& in maslin cloths, placed in

1 was stirred &t the cooking temper-

was asgisted by placing thin weial

intervels to make

the hoops and pressure graduelly spplied In the press. The
chesse were turned in the press after & £ hour interval snd
allowed to rvemain in the press for about 2 hours more.

wed Lo cool
slowly in & room at ebout 12,7°C. (55°F.). On the following
dey the chesse were pleced in a 20 to 22 per cent salt solution.
They were salted for 24 hours, turned in the salting tank, end

allowsd to remein 24 hours wore. After removal from the salbing

After removel from the pregs, the cheese were sll

tank the chasse were placed in & csuring room malntained at
10.0° to 12.7°C. (560° to 65°P.). The green welght of a single

exporimentel chesse was sbout 16 po

axcessive swalling were removed from the curing voom to 8 room
mgintained at about 4.4°%0. (40%F.). 'The cheese were eoxsmlined
at 30 day intervals and cub at the end of 90 4
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Comparison af’variaﬁa cultures of orgeanisms.

vawiana eultﬂraa of E?ﬁ@iﬁniﬁ &ﬁié e@ganiﬁmﬁ were used
in making %ﬂiaamtgga ﬁhﬁ@&ﬁ fzmm ya&taurizaé nilk for the
'gurgﬁaalaf ﬁat&rmiaiﬁg ﬁiff&reﬁa&a betwa&n ﬁﬂl#ﬂrﬁs and with
th@ hﬁ@& of aﬁtaining a ﬁﬁl@ﬁrﬁ aﬁiah waniﬁ praﬁnse gaad
‘qnalitg aﬁa&ag aaasis%ant&y@ & tﬁt&l of aighxaan @uiﬁu@aa
~ were am@zayﬁé¥ thirteen éf\@hiﬁh,ﬁﬁ?a.raaantly 1aﬁxaa&ﬁ,
The cultures came from the following sources: cultures 46,
é?,‘&?, 68 #ﬁﬁ 62 were isa%atéénf%aﬁ Cheddar ﬁhﬁ&ﬁﬁ; ﬁﬂ%tﬁ?ﬁﬁ
50, 51 and 52 were isclated from canned Chedder ﬁhﬁ@&&*
eultures &7, 45, 44 and 45 mare lasolated fram,ﬁamaatie Swiass

cheese; gulture 106 was isolated from Swiss-type aﬁn&s@; end
cultures 3la, 3le, 49w, 62d and 4868 were obtained from
varicus laboratorles. f |

The grﬁgienis aaiﬁ cuituraa whiah bed been grown in
tomato boulllon for 48 to 72 hours at 50°C., were added to
the milk after it was pasteurized. Five ml. of culture per
klﬂé pounds of milk was Hﬁﬁ& in the trials for comparison of
aﬁitnr&a* The mil& aaaﬁ fﬁr sach series of cheese wss
y&atauriﬁaé in/tna lot (at 61.7°C. (143°F.) for 30 miauﬁaa)
and then divided into fauw parts, each part being placed in
a separate ?&t. Different ﬁuituras were aﬁ&aﬁ to each of
three vats snd the fourth @ﬁﬁ\ﬁﬂﬁ used as a control. A1l
| 'thﬁ aultar%a axﬁﬁpt 37 and 57 were used at laaﬁ% twice.
| The ehaa&a w@r& exsmined at 30-day intervels for fl&?ﬁr

aa& oye fa@m&ti&a and also for the number of propilonic acid



G
organisms per grem of chaese, The {flavor deslgnabtions used
most frequently in comparing the cheese were excellent, good,
fair, flet snd poor. @wm mvm an excellent Clavoy was
ﬁﬁm?&&m&};y sweel . A good flavored ém&& wag one which had
some eweet flaver, but not es much &s those designated excellent.
sgmm#witﬁ a fair flavor had very little sweet flavor, and &
flat flavorsd ;a‘;&iz%ﬁ% had no sweet flavor. A poor fluvored
cheose was Qﬁé vhich had no swest flavor and had some un~
desirabls flavor. : |

ays formation obtained with variouws cultures wss

The
classed a8 good, falr or poor. (Cheese classed as having good
eye formetion contained eyes sbout 0.5 inch In dlameter and
gspaced 1 bto 145 inches apart. Pigure 1 1llustrates s cheess

having good eys formstlon. Cheese having falr eys formation
were those which deviated slightly from the cheese having good
eye formeblon, the syes verying either in size or nuwber.

gure 2 illustrates & chsese having falr eye formetion.

Cheese having poor eye formablion hed many swall eyes, few
small eyss, many iarge eyes or Tew large ayes.

The resulits obtained in comparing the various proplonic
acid cultures with reaspect to their ability to produse desirable
inta pertain
to the cheese ripened days. GSeveral of the cultures were

flavor and eye formation ave given In Table 2. The

rather conaistent Iin producing cheese with an excellent or good
flavor, while others were very variable in the type of flavor
produced. Culitures 43, 44, 51, 3la, 62d and 4866 did not



wiplitim

Pigure 1,
Bwise~type ¢heess claased as
heving gooed eyes formatlion.

Flgure Z.
Swisa~type choeese classed ss
having feir eye formation.
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Table 2. @iﬁ%&‘ﬁ» and Eye Formatlon of Swisa-type Cheese Made
¥ith varicus Cultures of Proplionic Aeld pacteria.

¥

{%mw‘ﬁh of
eunlture
in aha&m

Gam;m Flavor

Sopies
b 747 ’

Cheeona
NG

Tas ok AW A

L
FLOE PO
FTEE e AW R
THE e W

850 Plat Fair - Palr
47 Poor Palr Poor
4866 Excellent goold good
gontrol Fair Good o

it LD b

43 BExeellent Fair Good
B2 #lat Poor Pooy
Sls Palr &a@é Good
gontrol Pair Good e —

B0

44 Plat Good Pair

51 Excellent Good aood

Sle Falr Poor Fair
Gon ‘E}:‘@l Poor Good ;i ks

W LA DY

46 Good Good Good
45 good Poor Falr
&2d Good Poor Good
ﬁﬂsn%:x*al Poor Pair FE—

08 00 b

ﬁi} Good food Good
47 Flat Falr Falr
4866 Bxcellent Good Good
gontrol Flab Falr P —

- 43 Good gond Good
B8 Poor Pair Poox
Sia Good < Good Good
Gontrol Flat &m&d s————

&é Excellent {;wﬁ Good
51 Good Fair Fair
Slc Palr Pair Pair
gontrol PFlat Ggood o

45 Poor Good Poor
46 good Good Good
636  Good Good Good
gontrol PFlat Good e

S L Al | B
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rable 2. Continued

Growth of
gulture

Eye
Pormstion

ﬁﬁ%ﬁ?gmmw Flavor

NOw 3

culture

i wE WE A
AR TR T

Gk S e

o v wn wE

A% WE ek G
| nk
X
o

in cheese

5% Poor Poor Poor
v Good Poor Falir
4866 Good Poor Good
gontrol Feilr Poor BER——

8

o A B B

&8 Poor Poor Poor
82 rair Poor Palr
Sla Good Poor Good
Control Poor Poor s

10

i £ 00 po#

Paily FPoor
, ﬁ%r Falr
&mﬁm& FPalr &wﬁ B

11

PO
E

4866 Palr Poor Good
6g2da Good Poor : Good
46 ; 0T Poor Good
gontrel PFalr Poor ————

iz

> |

44 Good good B
4866  Falr Good Fair
49w Pair Good Poor
Contrpl  Poor Good i

13

Ll

44 Good
4866 good
49w Pair
Control  Poor

14

LW

Sla Good PoOT Good

Bla Good Poor Falr

106 Palr Pooy rﬁw
Contrel  Poor Poor ettt

15

He LA B

16 44 good good good
106 Palr Fair Poor
106 Falir Fair Poor

Control Falr Pair i

L300




EEre
produce any eheess having a poor flaver. ¢Culture 44 was used
2&;$ivakﬁyiaigg one trial #ﬁﬁu&%&ﬁ in excellent flavored chesse,
three in good fiﬁv@xsﬁ«eﬁaﬁﬁs;aaﬁ one in fair flava&aﬁ‘ﬁhsaﬁa#
cultures 43, 51 and 724 produced cheese in all trials which had
sither an excellent or good flaver. Culture 57 was used onge
| | nly failed

to grov on various laboratory medis and was lost. Cultures 3lc,

and the cheese had & good flavor. This eculture sudde

49w and 106 conslstently produced cheese with & falr flavor.
Cultures 47, 52, 57, 58 and 62 4id not produce eny good fiﬂ#mwaﬁy
cheese, and usually produced cheese having & fair or poor flavor,
the dets Indicste that none of the cultw
in producing good

a8 were consistent

good aye formation. In the majority of cases, the
cheese made In & siﬁglﬁ»§&?i$ﬁ and ripened under the same con-
ditions tended to have rather similar sye formatlon, whether
different cultures or no cultuwre was used in the various cheess
of the series. In thirtesn of the sizteon series, the control
cheese had aa good or better eye formation than the cheese
made with propionic acld sulbure.

In most instanees cultures which inersased apprecisbly in
number during bthe ripenling period gave fayﬁﬁaﬁia:raﬁalﬁa with

regard to flavor. BSince the charscteristic swest flavor is
due largely to the forma

acld orgenisms (3), 1t would be expected that culbtures which

tion of propilonates by the propionic

did not ineresse in number, and which were present in the
chesse only in small nwmbers, would not be satisfectory.
Table $ presents, in detall, data showing the effect of



Table 3. :

Flavor Development and Growth of Propionic scid
Bacterla in Swiss~type Cheess. :

gulture
f5 %y M

b S e

s wkE

Flavor

%
-

Presh aurﬁ

:
% 

50 deys_

3
3

60 days

Proplionic acid bacteria per grem at
va&iguﬁ,a%@ggavim,ﬁh@;rig,,H;J

%& éaggy,

48066
4866
4866

44

43
Sla

Bxoellent
Exesllent
Exeellent
Bxoellent
Excellent
Bxoellent
Excellent

o

250,000
iiﬁ‘ﬁﬁﬁ
1,100,000
3!! 000
i@@ ﬁ@@

a,ma,sn

120,000,000
&%ﬁpﬁi*«‘ﬂﬁ
&, 1!ﬁ D00

ﬁ?ﬁgﬁﬁﬁ 000

51,000,000
774,000,000
55, cm,m

370,000,000

150,000,000

%@ 000,000
Elﬁ @@ﬁ Q00
1?6 000, 1000

6$ ﬁ‘! Q00

5@3@”;“& '

&&@*@aﬁ,@@!
138,000,000
?& 000,000
lﬁﬁ @Q& 000
g6, #&G 000
i& oo, @tﬁ
'*ﬁ*‘@g“*

6%&
37

57

P, -

pood
Fale
ralr

pair

800,000

2,000
4@9 000
ﬁ% 000

. %gm

65,000,000
Q“ & 24 ‘ :

;’a@;»a 000

2,900,000
70,000

| kﬁ@ 000
310,000

z; fm’
*110, 000
ﬁmm

80,000

58
106

45
45
47
52
B2

Flat

‘Flat

Flat
Poor
Poor
Poor
Poor
Foor

12,000

11,000

x,ﬁg %m
800,000
z,&ezz,uﬁ

1&6,
3,000
*zthu

21,000
76,000
620, 000
85,000
810, wa
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Table 4. Ability of Varicus Gultures of Proplonic Acld Bascteria
. to Consistently produce Swiss-type Chesse of Good Flavor.

Ko ‘ ﬂf
trials

 gulture
Bo.

T
Ben we aE s ¥

Sla 8 7
&

44 17 16
624 |
4866 7

o N o L B e L
o © o © o |




w55
sulted in excellsnt a¥~g§éw flavored cheese. None of the
cultupres produced cheese with & poor flavor,
comparison of varlous amounts of culture.

In an attompt to p@aﬁu@&'ahsasa heving m@méfﬁwwaﬁkfiavﬁmg
various smounts of the same culiure were added to thres vats
@ﬁ"%hﬁvﬁﬁmﬁ»mizkg a fourth vet served as & control. The lots
of cheese made In this manner were examined at 30-day intervals
rs of proplonic seid

for flevor, sye formetion and rumbe
bacteria. |

Results obtained in representative trisle ere presented
in Table 5. The data show that by imereasing the number of
propionic scid bscteris in the cheese, a corresponding increase

was obtained in the degree of sweet flaver producsd. The cheese

receiving an inoculstion of 100 ml. of culture per 100 pov

of milk were occasionally criticized as being too sweet. The
cheese recelving an incculation of 25 ml. of culture per 100
pounds of milk were considered to have sbout the desired sweet
flavor, The difference In sweet flavor resulting from Inocula-
tions of 25 ml. and 80 wl. of culturs par 100 pounds of milk was
not as great as thet resuliing from Ilnoculations of 50 ml. and

100 ml. of culture. Chease veceiving an inoeulation of & ml.
of milk were ususally slightly lscking
in sweet Tlsvor, apparently wmore so than with the comparisons
veported in Table 2. .

The cheese which recelved an Inceculation of 100 ml. of

of gulture per 100 pound

ad & tendency to develop eyes
h this

gulture per 100 pounds of milk h
which were & little larger thean was desirsble, althoug




Table 5. Flavor and Eye Formatlion of Swiss~type Cheese Wade with various
| o Amounts of Propionic Acld Bacteris.

Propionie acid

Flavor : BEye formation
' bacteria per gram

; . ; e
cheese : Amount of culture®
nos ¢ per 100 pounds o

Tan wn AW
ST

; .t 4 S - e e —
18-1 200 ml, Very sweet '~ dood 5,700,000, 000
18-2 26 ml. sweet Good 620,000,000

183 5 mls Slightly sweet  Very good 80,000,000
18«4 Kone Yo sweet flavor good 8,000

19-1 50 mls | ?ﬁry*ﬁwaﬁﬁ  good | &ﬁﬂgiwgy$®§ e
19+2 25 ml. Sweet Good | 180,000,000

19=4 None Ko sweet flavor good 5,500
20-1 50 mi, Verysweet poor 21,000,000
202 25 mle Sweet ‘ good 8,700,000
80=3 5 ml. 8lightly sweet Fair 1,200,000
20«4 Hone %o sweet {lavor good 54,000

# gulture 44 was used in these trisls.
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. obtained with propionic 'a#?aﬁ sulbures,

Two lots of cheese to which proplonic acid bacteria were
added were nearly devold of eyes, and only two or three eyes
 could be seen when the cheesse were cut in helf. The eontrol
chesse made from the same lot of milk, but withoub qeoptants
mi@,%&t@:&g 5.0

led, contained many more eyes, although not aas
many ag @iﬁfz some of the control -amaéﬁ-as from other series.
The cheese made with culture and which contained very few eyes
ﬁawmﬁaﬁ the characteristic sweet flavor and the proplonic
acid avgaﬁm showed & l :

Influence of Various Factors on Eye Formation.
sodium chloride bas an inhibitory effect on verious

microorganions. 1In ordar to dotermine zmmmm% on pro=-
plonic acld bacteris, culture 435 was mﬁmlatm into & series
of tubes containing tomato boulllon snd varions quantities of
) sodlam chloride
and 10.0 per cent en%&iraly checked
the growth of the organisms. These resulits are in agreement
with thoss cbisined by orla~Jensen (48).

‘8inece the Swiss~type cheesse investigsted contained from
| 185 to 1.60 per cent sodium chloride, this concentration
would be expected to check the action of the propionic acld
effect of sodium chloride on pro-

sodium chloride. As little as 0.5 per cend
had an inhiblitory effect

organlisms. However, the



e
plonie acid bacteris mahgam may be different from its action

- on them in bouillon.

o @‘%w usual salting z}:w%&m is %o place the cheecse in s
B0 kia.x;;v ﬁ.ﬁ per sent sodium ehioride solution the day fﬂ;}.z@wh%
manufacture snd hold for 48 hours. To study the influence of
é&l&}‘ﬁ& ﬁﬁitﬁ%@ on the g;mzﬁ.éﬁ:m seid bacteris and ﬁy& formation,

four series of cheese were made. Rach series conslsted of four
cheese, two of which wers made with propionie scid culture and
two without. one of the chwese made with euliture and one made
without culture wers salted soon alfter manufecture in the
normal way. The other twoe chease were held for 1 wesk at about
1R.7°C. (55°F.) and then &31?;&3 in the usual manner. The
numbers of proplonic acld bagteris in the chescse wers debtermined
at 30-day Intervals, and the cheese were ocut and sexamined at
the end of 3 montha.

With delayed salilng, the chesse contained more eyss and
the eyes extended nearer the surfece than when the cheess were
salted in the norms

1 menner; also, they commonly had a slightly
suparior flevor. In general, the mmmﬁ of proplonic acid
bacteria Increased In the cheess to 8 grester exbtent with the
delaysd salting. 7The objectlon to the 7~day deleyed salting
period was that the chesse had & slight tendency to flatten.
salting immediately after m&f‘&aﬁ;m mﬁﬁ%ﬁ to produce a
- firmer surfese mﬁ the cheess retained thelr originel shapes
better. '

To overcome the dlsadvantage of the chesse [lattening and

yet obtalin more satisflactory 'sm‘ formation, & 2-day delayed
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salting period waa,zﬂ?a#t?gata&, This procedure slightly
favored the produstion ﬁf mﬁra deslireble eyes, slinoce the eyes
were b&%ﬁﬁ?uﬁiﬁﬁﬁihﬁﬁﬁég and the sweet Ilavor was somewhat
more conspicuous. ‘The mumbers of propionic scid bacteris wers
slightly larger in the cheese made with delayed salting. The
flattening of the chesss was not as noticeable as with the 7~day

 period.

Temperature, |
vost of the experimentel cheese were ripened at sbout
10.0° to 12.7°C. (50° to B5°F.). A few of the chesse swelled

move than was desirable
the cheeso
which were about 1 inch in dlsmeter. (heese having eyes of

this size were objoctionsble from the standpoint of exterior

uring the ripening. In some instances

and interior appesrance of the cheese. In an abtempt Lo control
the overswelling, some of the cheese which were thought to con-
tain eyes of sufficlent size, as evidenced by swelling, were
placed at 3.3° to 4.4°C. ({38° to 40°PF.). Holding the cheess at
this temperature for the remaél
sffectlve in stopping further eye dsvelopment.
In the man
held ab 21.1°C. {70°F.) or higher for sbout the first 2 weeks
of ripening to atari ¢
the effect of e higher Initlal curing temperature on Swiss-
‘type shesse, ﬁ%@lﬁﬁ&%ﬁrﬁﬁﬁﬁﬁﬁ,ﬁﬁfﬁ made with and without added

nder of the curing peried was

ifaeture of gwiss cheese, the cheese are ususlly

evelopment of eyes. In order to study

proplonic acid culture. (Do Inoculated cheese and one control
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cheose wers held at the regular eﬁrmg temperature of about
10,00 &, 1847%C. {B0° to B5F.) and the other two cheese st
about 21.1° to 22.,2°C. (70% to 72°F.). 1
were used in this study . The £ irst noticeabls swelling occurred
in & or ¢ days when the ;&Mw were held st 21.1° to 28.2%. and
in 5 or 4 weeks when held at 10.0° to 12.7°C. Some of the

Two series of cheese

cheess held at 10.0° to 12.7°C. never showed evidence of swelling
during the ripening peériod but eventually contained well formed
ayes in about the desirable size and number. The cheess held

at 21.1° to 22.2%. for 1 wesk and then placed at 10.0 to 12.79C.
usually showed excessive swelling in 4 to € weeks end had to be
d at the higher
temperature ai&a tended to have eyes which were not quite as
smooth as the eyes in the choese held &t 10.0° to 12.7°C. for
the entire curing period of 3 months. The higher Initlal

curing temperature might be advantegeous in cases whers it is
aifficult to obtain eye formation.

placed at a ilﬁ%?&* temperature. The cheess curs

Bffect of Additlion of Proplonic Acid Bacterla on Volatile

Acidity of Chesse and Acid Number #:éiz‘ Chessa~fat.

The most importent charescter of the proplonic seid bacteria
is their ebility to ferment lasctic sold or lactates with the
production of proplonic and scetic aelds and carbon dlioxide.
Proplonie snd acetlc acids are volatile so 1t seemed possible
that e determination of the volatlile acidiby of Swiss-type

cheese would give some indloation of the activity of these
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organisms in the eheese, Propionlec asnd scetic mcids ars also
ent in apprecisble amounts would tend
to Incresse the titration value of the fat.

Volatile aclditlies and acid numbers were determined on 45
samples of chesse which mm 3 wmonths old. Four samplos of

soluble in fat, and if pres

domestic Swiss chesse and one of lmported Bwiss cheese were also

sbout 1 year old.

Table 6 presents the results of the comparisons. With the

experimental cheess large variations occurred in volatile
acidities of the cheese and In seid rumbsrs of the cheese~fat.
The cheese mede wiﬁh the addition of propionic seid culture was
alwaye higher in volatile scidity and the cheese~fat had a
higher asld number then the cheese mede from the ssme lot of
mlilk %o which no eulture was added. Noreover, in most instences

it contained more volatile scids and mors sclid in the fet than

rted Swiss cheese., Cood quality domestic
high volatile aciditles and ths cheese~fat had
high scid numbers compa

Swisa cheess had

rod to domestic Swiss cheess of poorer

quality. The one

imported Swiss cheese which wes of good

guality, had a slightly lower volatile acidity than the good

quality domestlec Swise cheese and a lower ascid number on the fat.
pable 7 gives a detalled comperison of the flavors of three

geries of sexperimental Swiss~i{ype chesse with the veolatile
acidities of the chesse and the mcld numbers of the cheese~fat.




Table 6, Comparison of volatile Acldity of Cheese with Acid FKumber of Fab.

Experimental Swiss~type and domestic and imported Swiss cheese.

ﬂf ﬁh@&aﬁ —

L8 = % W 3

Mle ﬁ/@ﬁ volatile aaiﬁs per
%00 gr&m& cheess

: 18t 3&@ mls : 2nd 500 ml.

: distillate

3 ﬁi&ti&l&%ﬂ

g
:  Sum
- A

Fex wm wE wk Ne B

Asid numbeyr
of fat

339@?$Mﬁntalg no culture added
Experimental; culture added

Bxzperimantal; no culture added
Experimental; culture added

ﬁx?ﬂrimﬁﬁtalg culture aﬁi§$

Experimental; no culture added
Experimental; culture sdded

Experimental; no culture added
Experimental; culture added

Domestic Swilsaj good quality
Domestic Swissjy good quelity
Domestie Swiss; falr quallty
pomestic Swiss; poor qualisy

Imported Swisa; good quality

19,40
35@1@@

42,20
1@%&%&

29400
188,00

55,75
877 .50

BB.50
241,50
1358440
118450

37,00
57850

106,00

11,00
126,80

ﬁ@.ﬁﬁ

13.50
7575

14.25
188.75

13.28
124.85

98480
102,80
65,80
87,50

70.00

50,40
581,20

ﬁﬁg%&
814,40

48,50

201.78

48,00
431,88
89,75
565,75
2E7 ,80
881,00

72450
65,00

175,00

1.38
788

~1.51
- 10.28

2.73
9,55
2.4
- 13.15

Rt
15,40

10.37
9,47
7,00
758

7468

~T19~
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Qamyariawn of Flavor @f Swiﬁamtyga Cheese w&t&.vﬁlatila
Acldity of Ghﬁsﬁﬁ and pAcid Number of Fat.

gha@wav
‘,ﬁ@;_

T A, T

w wn we b e wnl

,;ﬁ‘*,*rﬁﬁﬁ cheess

Ml. ﬁ/ﬁ& @ﬁl&ti&@ acids per |

B e o

25-1
25-2
2B
26w4

26-1
26-2
26-3
864

27-1
87~2
273
BT =4

swﬁ&t ;
Falr
rair
?@@r

Very swaat

Sweet
Fair
Poor

Very sweet

sSwest
good
Poor

ﬁ;@ﬁ

iﬁuéﬂ

‘iiqﬁﬁ

3435
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Cheess havmg & very sweet flavor always sontained & large
quantlity of volatile aclds snd the chesse~fat slways hed 8 high

With & decrease in the aweet flevor of the cheese,
g¢ heving a falr or poor flavor, the
voletile aclditiss of the cheese and acid nubers of the ,ﬁmam
the highest

, saries was consideved to have the most

as svidenced by the che

fat decressed., In wmost casss, the cheese having
volatile scldity In th

deslirable flavor.
Graph 1 shows the relation betweon the volatile acidlty
of chesse and the seid mumber of cheese-fat, It is based on
the results given in Tables 5 and 6, togothar with edditionsl
scld culture £al1l in a rether small ares at the lowsr left~
hend portion of the greph, indicating & low volatile acldity |
and & low acid number. perimen ! made with
propionic asid culture had & general tendency to have az high
volatile acldity and & hi

ko seid nugber. In some cases cheese

having neerly the seme volatile scidity showed considerable
variatlion in scid numbers. Por example, two cheese having
volatile acidities of abont 285, had acid nupbera of 6.5 and
12.5.

In several instances the distillates obtained from steam
- @istilling cheese were mnelyzed for types of volatile scids.
The dlstlillstes 4id not contaln all of the velatlle acids
e only 1 liter of distillabe was

and acetlc seclids wore found to nake

present in the cheess beocsus

collected,. Propionic







about 94 per cent of tm %@ﬁﬁﬁtil@ acids, 7The other & par ﬁﬁﬁﬁ

“higher molecular welght scids.
Propionic end scetic acid were present In the ratio of approxi-
mately four to one. | |

PH of Swilss-type Cheese.

Heamsurement of the pH of cheese iz of comparatively recent
origin vhen contrasted with other methoda of measuring acidity.
The pH has been used as a basis for predicting the guality of
swiss cheese that would result after sging, snd 2 pH value of
5.2 whon the cheese 1s 24 hours old sppesrs to be the most
desirable (17, 48). It also has been shown that vesrious
defects, such as checking of the rind, are due to large differ-

suces in pH between the interior of the chesse snd the portion
just benesth the rind (7).

At various stsges in the menufacturs of Swiss-type cheese
from pasteurized milk with the sddition of propionie acid
becteria, pE determi

whilons were made on geveral series of
chaose.

Table 8 gives the pH walues on four lots of chesse and
the correspondling titratable aciditles. In two of the trials,
the fresh millk had & pH of 6.58 and the corresponding titratable
acldities were U.l4 and O0.16. The i

addition of 1 per cent

regular cheese culture to the milk decreased the pH and in~-
creased the ﬁki*émmma seidity but not by constant valuss.

Allowing the milk to ripen for about S0 minubtes before adding




@a%&@igi ﬁﬁl&%iﬁn ‘Between pﬁ and ?1&%&%&%1@ Acidity ﬁar&ng thﬁ @mmufaata&e
o ﬁf gﬁiaamﬁyya Cheese,

1 m 2 5

Stege of menufecture

3
-
:

Fresh milk Y 8 £ ,
uilk after aéﬁ%n@ starter 6,65 ﬁaiﬁv |
¥ilk efter ripening 8,55 0,17

Whey after custing 6,50 018
Whey at draining time 6.45 0,18 6
Fresh ourd 6.2




T

the renmet further decreased the pH and incressed the titratable
acldity. A4t the end of the ripening psriod there was very little
difference In pH or titrateble scidity between the wvarious
bateches; the difference In pE belng 0,07 and in titratable
acidity 0.01. |

After cubting the our
In pH and & lax
with the milk after ripening. The whey deorsssed In pH slightly
from the time of eubting the curd wntil draining, whils the
titrateble acldlty remained sbout the seme. Detween the time
of cutbing the curd and draining Qhﬁ ﬁﬁ£§§’$§$ﬁﬁ one~third of

i, the whey showed a alight decroase

¢ decrease in titraetable scldity ss compared

the whey was dvawn off and replaced with hot water. The pH of
the frésh curd was very constent snd ranged from 6.48 to 6,.52.
the velationship between the p¥ and the gualiiy of the
cheese was sbudied with eight serios of cheeso. Hach series
~consisted of four cheese made from the seme Jot of milk.
Proplonie acld culture was ﬁgaﬁ In meking three of the cheese,
the fourth being the conitrol. The serlss worpe selected be~
ped dlstinet differences in guality; the choese

cauge they sho
felling inbo four definite groups clagsed ﬁﬁ~&§§ﬁliﬁnt, good,
falr and poor. | ‘
mable ¥ gives the dats obteined. 7The veriastion in pH
between all the cheese examined was @@gs'gﬁali, the maximm
DI being 6.20 and the minfmum 5.53 (difference 0.67). There
was wuch overlepping of the pH velues of the szcellent and
those of the poor cheese. Only three of the eight cheose
claaged as pooyr hed pE values thet dl1d not fall within the pH




~ ‘Table 8, Qam@ariﬁaavmf pH of ﬁﬁ&ﬁ&& with @ﬁaliﬁy
: , ot $Wi$$w§§§$ Cheese.

series
» HOs

pa we W wE

fEn e

Exﬁallant Poor

. pE

0 . 6.01

i S07 6,03

12 591 | | 5.61

15 B.72 6,068  6.06 5.89

16 588 5.0 5.53 5.54

20 611 5,93 579 Bl

25 576 B8 5479 5,94

26 5,82 5.8 .20 5.97

- pH

pH renge 5.72-6,11 Mz.aﬁ | 5534620 5.54~6.05
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in the table, and the pH

o of the excellent cheese,. Detern

on other chassse not repressnted
valuss do nob ﬁary‘f?ﬁ%:%kﬁ ranges glvens.

There wes no apparent relation between the pH and the
auality of the clwese.

It should be noted that the Swiss-type cheess upon which
these determirations were made ls kept wery low in aclid through-
out the manulschuring process. ‘ﬁ&ainiﬂg'afgarﬁiﬁn of the whey
and replacing it with water mekes the cheese low In lactose so
that the subsecuont lactic acld production is rather limited.
In the menufacture of regular Swiss cheese in the kettle, con-
sidersbly more aold is doveloped in the mamfectburing

Process.

befects Encowntered in Swiss-Lype Chessso.

In the menufacture of Swiss-type cheese from pasteurized
mlilk with the addlition of proplonic acid bacberie, wvericus
defects wore encountered. & lack of flavor wes sometimes
noted in eheese to which proplionic ecld culiure had been
added. When this was the case, however, the proplonic acid
bacteris falled to grow extensively in the cheese and wers
present in rather smell numbers. cheese having too many and
too large eyoes wore most commonly encountered during the
summer wmonths. This was. probably due to & lack of adequate
temperature control In the curing room since sufficlent
refrigeration could not be oblained. During these months,

both the sonbrol cheese and the inooulsted chesse often had
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excesaive aye formation.

An abéﬁ@%iﬁnﬁhl@«éaf&éﬁ, encountered several timﬁﬁ, was
tm presence of small irregular holes near the rind on one
side of & cheose. Flgures 3 snd 4 illustrate this defect.
It is thought to be due to eold curd which 4id not mat

properly. Since the defect wes only present on one side of
the chesse, it may be that this conforms to the top of the
original curd mess. The btop surface wounld eool rather quickly
4 is present in the vet, whish

when only & small amount of cu
was the case when meking expsrimental cheese.
pefects due to objectionable organisms were also en~

countered. These involved bacteria which should have been

killed by pasteurizetion so they presumebly gained entrance
to the milk by recontamination, and also orgenisms which arve
not destroyed by pasteurization so that they may have survived
the heat treatment.

Two of the serles of cheoss contained Escherichis~

Aercobacter organisms in large numbers. These cheese had

developed many swall eyes when 2 days old. ¢ne cheese from
each geries wes examined, and there were approximately
60,000,000 Escherichis-percbacter organisms per gram in each

of the samples that wss plated on ﬁﬁl&% red bile agar.

ponounced swelling

During the curing process,

chesse were cut when 5 months old and contsined numerous small
ragged eyes. Flgurea D and € illustrete the exiterior and
interior of the cheese. The flavor of thesse cheese was some-
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. Flgure 3.
Swiss-type cheese showing small irregular holes
near the rind; probably due to cold curd.

Swiss~type cheese showing small irregular holes
near the rind; probably due to cold curd.

Flgure 4.



Figure 5.
Exterior of a Swiss-type cheese showing excessive
swelling due to Escherichia-Aerobacter organisms.

Figure 6. ‘
Interior of a Swiss-type cheese showing numerous, small,
ragged eyes due to Escherichia-jerobscter organisms.
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what uneclean but was only slightly objectioneblse; ﬁhﬁwﬁﬁnzﬁﬁi
cheese had & more pronounced unclean flavor then the cheese
moede with proplionic &aiéiﬁﬁ&tﬁria, the latter developed the
characteristic sweet flavor typleal ﬁf.ﬁﬁﬁaﬁwt$?ﬂ~ehﬁ$ﬁ&rﬂﬁﬁ
parhaps this helped to maﬁk‘%ﬁﬁ:uﬁﬁiﬂam flaveor. The defect

was undoubtedly due Lo contamination from cans which were used

naport the milk from the pasteurizing yoom to the cheese~

to tra
meking room. The two lots of cheese wers made on successive
days, and on these days there was an irregularity in the can
washing. Moreover, on subseguent days when the cans were
properly steamsd just prlior to use, the defect was eliminated.
one sarles of six cheose developed a flavor snd odor
resembling butyric ecid during the ripenirg. The flavor and
odor were not so objectionable early in the ripening procesa
but ﬁaﬁ&mﬁ more intense later. This defect wes present in the

control cheese as well as in the cheese made with propionic
acid bacteris. These cheese contalned me
forming rods
from cheese fermentad lactic acid under anaerobic conditions
with the production of butyric scid; the cultur
in a broth contalning 0.5 per cent yeast exbtract and 1 per
cent sodium lactate and the butyric scid wes identified by the
partition method of Osbwrn, Wood and Werkmen (49).

¥y anasrobic sporg-

(genus glostridium}. A pure eculture isclated

y was grown

menibers of the genus Clostridium in the spore stage are
not killed by pasteurization and if present in the milk in
large numbers might cause 8 defect which 1s beyond the centrol




of the cheesemaker. The defect due to the Clostridium organisms
was much more objectionsable thmn thet due to the EBscherichia-

Aorobscter organisms because the intense flevor end odor of

butyric scid Incressed with age.
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DISCUSBION

The presence of relatively lerge numbsrs of propionic
scid bacteria in sged Jows Swiss-type cheess of satisfactory
quality, a8 well as in domestic Bwiss, suggests that there
is & correlation between the numbers of propionic aeid
bacteris and the characteristic sweet flavor. It also
sugrests the possibility of adding cultures of the organisms
to milk used in the manmufsoture of Swilss~type cheesme.
Although s few of the Cheddar cheese examined contained
rather large numbers of proplonic acid bacbteris, the lsck of
ecorreletion between the numbers of these oprceanisms and the
chesse quallity shows that the fermentation in this type of
cheegs iavquiﬁé different than in pwiss~-Lyps.

The &&ﬁi&ﬁ%ﬁliﬁy of edding certain gtrains of proplonie
acid bacteria (gemue Proplonibacterium) to pasteurized milk

used for the manufacture of Swiss~type cheese 1s indicated
by the proeduction of the characteristic sweet flavor with
this proecsdure. The lmportance of the sction of thess organ~
isms In the chesse is.amghaai%@é,bg-ghﬁvfaﬁt that the oultures
which were most satisfactory from the sbtandpoint of flavor
development were those which grew best in the cheese and also
by the fact thet when the control cheese had a sweet flavor,

relatively lerge numbers of the ﬁ?gﬁﬁiﬁﬁs were present in it.
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Chesse having considerable of the characteristic swset
flavor regulerly had & high volatile acidity whieh aviﬁaﬁt&y
was &a& to the production of gﬁﬁﬁiﬁﬁiﬁ and acetlic acids from
lsctic seid or lactates by the propionic secid bescteris. This
raxé%i&naﬁip is in agreement with the conclusions of Babel
aﬂﬁ‘ﬁﬁmmﬁﬁ {3} who associsted thes sweet flavor of Swisa-btype
cheese with propionates, eczleium proplonate presumably
being the most important becsunse of the relative abundance
of calceium with which the proplonic scid arising from the
fermentation of lactic scid cen combine. The fact that
inereased amounts of & satisfaciory proplonic secid culture
edded to the milk used in the manufacture of Swiss~type
cheese resulted in an incresse in the degree of swest flavor
further indicates that certain products formed by these
organisms are important flasvor contributors.
. The ah%aaﬁ,maﬁa in a series (from milk that had been
pasteurdged in one lot and then divided into four portions)

and cured under the same conditions generally had similar
eye formation, although one of the cheese was & control
while the ﬁthar,ﬁhrea were made with added proplonic scid
culture. Proplonie seid orgenisms undoubtedly affect eye
formetion Lo some extent slnce cheese made with large
inceulationa of §%¢§iﬁnim acld organisms frequently develop~
ad too large eyes while smaller inoculations resulted in
satisfactory eye formation. However, various other orzanisms

can undoubledly ﬁx&ﬁuca eyes 1in Bwigs~type cheese because
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in several instances cheese had sbout the desired number of
eyes and no proplonic acid bacteris could be detected in
O+l zram gar%iam .

| Although delsying the salting for 7 days following
marmafacture waﬁrﬁ%sipﬁﬁia from the standpoint of flavor and
eye fﬁ&%ﬁﬁi&ﬁ, the tendency of the cheese to {latten maltes
the procedure lmpracticel. With e 2-day delayed salting
period the flattening wes less. Since the cheese ugsed in
these experiments were about 15 pounds in welght there
probably wes less flattenlng then if a heavier cheese hed
been mede.

The dabta obtalned from pH determinetions on aged Iowa
Swiss~type cheese did not imﬁ&ﬁat&'gny corpelation between
pH and cheese guality. Although this ig not in agreement
with the results of other Iinvestigators, i1t should bs nobted
that only slight veristions in pH exlisted smong all the
samples of Swlsas-type cheese exemined end slso that only a
smell smount of secid is developed in the cheese due to the
low concentration of lactose. ,

The use of §a§ﬁ&ﬁfi$ﬁﬁ milk in the menufacture of
Swiss~type cheese should be beneficiel from the standpoint
of meking cheese of more uniform guallity because pastenp-
ization tends to desitroy certein orgenisms capsbls of bring-
ing sboutl undesireble Termentations. The presence of large
numbers of Escherichis-Asrobacter organisms are particularly
troublesome in the manmufecture of Swilss-type cheese.
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Pasteurization would limit t&g numbers of these organisms
and thereby prevent them from ceusing defective cheese
unlaéa they gained entrance to the milk subseguent tov the
hﬁﬁting»_ Organisms belonging to the genus (lostridium also

cause defective Swiss~type cheese and if present in the
spore stage would not likely be destroyed by pasteurizetiona
Therefore, pasteurization would not be a mesns of entirely
controlling the inltisl becterisl flora of the milk for
cheese menufacture but would ald materially in controlling

defects due to ceritaln aspecles.
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SUMMARY AND CORCLUSIONS

Propionie acld baecterlis were found in various chesses,

ineluding Jowa Swiss-typs, domestlc Swiss, Cheddsr and

canned Cheddar. Swisa-type cheese having a charescterlstic
sweet flavor generally contained relatively lerge numbers
of propionic scild becleris and cheese wlih & poor [lavor
generally contained few or no propionlec seld bacteris in
Gel gram. All the samples of domestic Swlss cheese containe
ed rather large numbers of propionic scid bacteris. About
85 per cent of the samples of Chedder cheese (of both good
and poor guality) contained propionic secid bacterisa; t&&r@
was no correlation between the numbers of these orgenisms
and the quality of the cheese. One sample of canned Chedder
cheese which had eyes similer to those in Swiss chesse
contained & rether large number of propionic scid bacteria.
Eighteen streins of proplenic acid organisms were used
1n the menufscture of Swiss-type cheese from pasteurized
milk. Several of the cultures were rather consistent in the
type of flavor produced while others were variasble. Results
of comparisons indicated that certein culturss rather regular-
iy produced cheege having either an excellent or good flavor.
None of the cultures were consistent in producing good sye

- Formatlion.
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When this was the case, propionle acld bacteria were found
in the chsese in large mumbers.

Freguently, the four éﬁ&@@@ in & series closely re-
sembled sach other 1n eye formmtlion slthough one cheese was
& control while %haiath@ra were made with propionic scid
bacteris sdded to the milk. Cheese in which no propionie
seid bacteria could be detected in 0.l gram sometimes |
developed eyves equal to those in cheese made with added
propionic acid culture.

When BSwiss-ityps cheese wore not salted until 7 deys
after manufacture, the cheese contained more eyes and the
eyes extended nearer the surface than when the cheese were
salted in the normel way {(the day following manufacture).
Eaiayaﬁ salting also tended to produce chessge having more
sweet flavor. However, the delayed salting tended to camuse
the cheese to {latten, whlch was not the case when the cheese
were sslied in the normel way. A B-day delayed salting
period slightly favorsd the production of more desivable
eyes and the swest flavor wes aw&awhgﬁ more consploucus;
the éhﬁﬁ&ﬁ‘&isﬁ reteined thelr original shapses better.

B Ez&&ﬁ&i@ﬁ swelling, due to the production of many large
eygﬁ,,agulﬁ be stopped Ly placing the cheese in & cold room
et sbout 3.3° to 4.4°C. (38° to 40°F.). swiss-type cheese
held at sbout 21.1° to 22.2°¢. (70° to 72°P.) showed first
signs of swelling in 3 or 4 days while with holding at
sbout 10.0° to 12.7°%C. (50° to 55°F.) the first signs of
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swelling were evident in 3 or 4 weeks. Cheese held for &
time at the higher teaperature tended to have eyes which
were nobt guite as smooth as the eyes in the cheese held at
the lower curing tempersiure.

The eaddition of propionic m%wm,wmammwMakw@ pasteurized
milk mede Into chesse pave cheese with a higher volatile
acidity end the cheese~Tat contelned more free acids than
cheese made from milk to which no proplonic zeid becteris
were added.

The pH determinations on Swiss-iype cheese, aged 3
months, indlcated there was no definite corrslation
between pH and quality. There was very little difference
between the pH values of all QW@mmm«wwﬁﬁwwmmq

The defsct sncountered most frequently in Swiss~type
cheese was pooyr eye formsiion. Two series of cheese

contained large numbers of Escherichle-jercbecter organisms;

they were more awmﬂawwamwwwm from the standpoint of eyse
formation than flavor since the eyes were small and nuLETrouS.
One serlies of cheese contained large mumbers of anseroble
gpore~Torming rods; they were more objectionable Mﬁ@ﬁ the

stendpoint of [laver then eye formatlon.
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