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AN ATTEMPT TO MANUFACTURE CHEDDAR CHEESE
CONTAINING ONLY ONE TYPE OF ORGANISM.

JINTRODUCTION.

There have been many investigations on the effect
of various bacteria on the ripening of hard rennet varieties
of cheese. Hucker (1922) in & review of the bacteriological
aspects of cheese ripening summarigzes the position as follows:
"As 1t stends to-day the investigations have clearly demon-
strated that the breaking down of the inmsoluble casein com-
poundes is due to enzymes, either natural or bacterisl; while
chapacteristic flavors are produced by the action of certain
groups of bacteria | Bacterium casei or coccus group), which
depend on the products of B. lactis acidi present in large
numbers during the manufacture and early ripeaing stages.”
The effect of lactic acid bacteria upon the flavour of
Cheddar cheese has been studied by Hastings, Evans and Hart
(1912), Bvans, Hestings snd Hart (1914), Evans (1918),

Leiteh (1923) and Hucker and Marquardt (1926).

A study of the effect of any orgeanism on the ripen-
ing process in cheese is attended by meny technical dirrieu1t~
ies. The contsminstion with bacteria which normally takes
plece at innumerable points during the production of the
milk and the manufacture of the cheese complicates any
investigation., Even when milk has & low bacterial count
af'ter production it contains several species of organisus,
some of which may multiply and play & significsnt role in
the ripening of the cheese. For instance, although lscto-
baeilll are usually present in milk only in small numbers,
they are capadble of multiplying to such sn extent that they
become the predominant group in the ripened cheese. Again,

the fact that certain orgeniems are present only in swmall
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nupbers and are unable to multiply in the cheese, is no
proof that they have little or no influence on the product,
for the becterial enzymes libersted after desth of the
orgeniems may be capable of producing significant changes,
In some inveatigations that have been recorded, no details
of the manufacture of the cheese are given, while in others
it 48 spperent that the method of manufscture wes £0 modified
that 1t was impossible to produce a normsl cheese, It is
well known thet small differences in the details of manu-
facture, even with milk of high quality, may lead to abnormal
characteristics in the product.

A study of the litersture has failed to reveal any
work on the effect of nh organism on the ripening of Cheddesr
cheese, in which & strict bacteriological control was main-~
tained throughout the production of the milk and the menu-
facturing process. It was felt that before the ofroeta of
specific organisms could be demonstrated such & control was
necessary. It was therefore with the object of elaborating
a'tcchntqna whereby the bactericlogical aspects could be
followed cerefully and the number of varisble factors reduced
to & minimum, thet this investigetion whe undertesken. At
the seme time it wes hoped to gain information on the
rélloving pointe:

(1) The effect of Streptococcus cremoris on the rate of
cegein breskdown of Cheddsr cheese.

(2) ‘The effect of Streptococcus cremoris on the flavour
of Cheddsr cheese,

(3) ‘The source of the lactobacilli commonly found in

meture Cheddar cheese.

MEDLA EMPLOYED.

The medium used most extensively wes & tryptic

dtgost of casein. This was prepared by digesting 100 grme.
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of sugar-free casein with 20 e.c. of Allea & Hanbury's
Liguor Trypsin Co. The csassein was mixed with 1000 e¢.e. of
water, the trypein sdded and the reaction adjusted to pH 8.1
by addition of 40% NeOH. Chloroform was added to prevent
the growth of bacteria. The mixture was incubated for €
days at 37°C., the bottle being shaken at intervals. The
‘preaction was readjusted to pH 8.1 on the second and fourth
days. After six daye the ligquid was filtered and the
filtrate was diluted until it contained 0.5% of nitrogen
a8 determined by the Xjeldahl method. Magnesium sulphate
(0.1%) and Aipoteseium phoephate (0.2%) were then added,
the reaction was adjusted to pH 6.8 and the medium was
filtered.

The resulting broth formed the basis of the casein
agar and sugar media. Casein sgar wae prepered by adding
1% of dextrose snd aﬁfor ggar to the broth. When the ager
was to be used for the preservation of stock cultures over
long periods the dextrose content was reduced to 0.25%.

For the datarﬁinatton of fermentetion reactions
1% of each sugar snd 1% of Andrade's indicator were added
to the broth.

All the cesein digest medlia were sterilieced
by three successive steamings.

Other media used were:

Yeast Whey Ager.

8tendard Agar.

Hutrient Gelstin,

MacConkey's Broth.

Peptone Water.

Peptone Water Sugars.
The suger media used for the feprmentetion tests of the
micrococei consisted of peptone water to which 0,5% of each
suger and 1% of Andrsde's indicator were added.



Except where it ie otherwise stasted all cultures

were incubated at 30°C,

200 e.¢, of sterilised skim milk (three successive
stesnings) were inoculeted with the orgenism or mixed
culture to be tested and incubated at 22° C, for ten days.
The seidity was then determined on 20 grms. of the culture
end efter subtraction of the contrel value the result was
expressed as percentage of lactic acid.

150 e¢.c. of the culture were distilled in steam
after the addition of 7.5 ¢.c. 2N sulphuric acid, 5 grams
of sodium sulphete snd & plece of paraffin wax to reduce
frothing. Before commencing distillation the distilled
water used in the steam can was allowed to boil for several
minutes. One litre of distillate was collected and titrated
with K/10 NaOH using phenolphthalein as indicetor. The
titration given by the control milk was subtrected and the
result expressed as 2 percentage in terms of lactic ascid.
The smount of volatile acid as & percentsge of the total
acid was then calculated., Hvens (1918) found that after
seven deys' incubstion at 30°C., cultures of lactic acid
streptococel showed little or no increase in voletile acid
production.
sugar Permentations.

The inoculated tubes were incubated at 30°9C. for
14 deys (28 deys in the case of lactobacilli) and were
examined at 5 days, 7 days, snd 1) days. The degree of
fermentation wes estimated by the intensity of colour pro-
duced through the action of the acid on the indicator.

In the Tables the results ere indicated by the following
symbole:
- no fermentation.

1 very slight fermentation.
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L 8light fermentation.

-~ fermentation.

+ strong fermentation.

The difficulty of preparing and mesinteining an
active "starter" consisting of a pure culture of s lactic
streptococcus was realised very early in the work, so an
attempt was made to isolete from two commercial "starters"
one of the strains most active in producing scid, These
two "sterters” were being successfully used at the time
for the manufacture of Cheddar cheess in the College factory.

The starters wers plated out in duplicate on
cesein sger end incubated et 30°C. for 4 days. By the use
of the 1/3" objective, representatives of the aseversl types
of selonies were picked off and inoculsted into tubes con-
teining 10 c.c, of sterile milk, The ruio of acid product-
fon of the cultures wes determined by titrstion with N/10
NeOH after incubation for 24 hre. at 30°C. By this means,
five of the most sctive secid producers (two from sterter X
and three from starter K) were isolated for further study.
For comparative purposes & stock strain of Streptococcus
lactis was added to the series.

The six cultures were purified twice by re-
isoletion from cssein agsr pletes end their characteristics
were then determined by repeated observations., Table I
gives typical results obtained by sowing one loopful of
culture into 10 e.c. of sterile milk, incubating at 30°C.
for 24 hours end titrating with N/10 NaOH to phenolphthelein.
In each case the control rnlub wae subtracted snd the result

expressed sa a percentage in terms of lasctic ascid.



; Acid Produced
Qulture i expressed as ¥ lactlc acid

BX 1 2 0.43

B 1 E ori

" 1. B
8¢. lectis i 0:2
Starter X ! O.GZ
starter K ; °.

It will be obeerved thet none of the isolated
streins was ss rapid en scid producer se either of the
original starters. Of the pure cultures, CX 1 consistently
produced the largest amount of ascid in 24 hours, although
the other cultures geve higher velues sfter seversl days'
incubation, as will be observed in Table II which gives
the Total Acid and Volatile Aéxd results,

— i

i Total Acid !

{ Produced !

}
BX1 | 0.67 ; 0.011 i 1.6
cx1 i 0.22 i 0.01 H 2.7
BK1 ! 0.f ! 0.04 ! 2.4
CK11 ! 0.59 ‘ 0.015 i 2.6
DK i 0.56 i 0.010 i .7
8c. lsctie | 0.58 : 0.018 H 3.0
Starter X | 0.78 ' 0.095 .
Starter K | 0.78 § 0.079 i 10.4

The results in Table Il show that, whereas sll the pure
cultures had a low volstile acid production the starters
contained organisms c¢spables or.prodnctng large amounts of
voletile acid,

Table If! gives the results of the determination

of sugar feraentations.



L 0

on Results of Streptoceocci isclated Ir

“i.‘"“"“,sr*t"."""‘*l;”‘t:“"“t‘!‘l“"*““"
(O O A $ 8L B E S
uroTIes
FE L3 8 o O W A e
o qoawig
s [ O Lttt 4e (B
.m. UTdXEQ
: 144828 N A O N A
e urinul
: all.is‘!tyi.i“lel..lI-%.-ITI.":‘“;I"“‘&.t‘i”i*’f*“'*‘tI-;C'l-:("“‘* L
SSIRTIINE B G O : ¥ 2 L% % T
s &
i L3 N % e 3
h_ L I AR 4 b e L SR
p4 28009
ﬂ B O N A A § 458 5 1% i 5 5%
| o803 TeN
88048Y008E I B N B N S N T O R £ 4¢3 ¢
o s S ) W A A o 0 S . S s -
| * ¥ 4 W E I L O
V80 0RI80
¥ F 4 e E T e r e 4 % ks ¥
PBOUTOW _
88043XOT LR I B N L LR I
880 TNASET L O I L I LR O R
.v....t"l"i.t-‘lw.a.l-l’J.‘t‘l’.‘ﬁ'“"”.‘ﬂ“!fi““n!.l*t‘a ““‘3‘4\!’*‘" !
I ¥ 3 % S A N R I AF @ S
@3 1oTnd 1
o3 Tuuen £ 388 ¢ I T8 G BN O N
9310408 § 38 % ¢ 0 B B t ¢+ 3549
PEOUTARLY (O AN it BENE
. , 4 - : ‘
Os.nhﬂ . S B R 2 N O B R I B
a5 :
UTaeATO EEREE B R Y N N
th.l!"t“.’-t‘.“' o A e N e N S th'sl'ti.A‘.”.‘-\it’&t’i’"**’tv".'
uo T3 BANOUT m .m w
; o]
o outy| * ! R
B O e W O e AV e e O e A N W S - b ko S A A T e S S . o
v w
] .u u
bl b
2 4 e
9 dgdfus | ddddus | dRddug
» - g . & : ¢
1§ PERIECEE
awnmun BmscB% AOROASD
W o W S ’&oi“tl-l,v,"‘isl e o - -] - o -, - " . - -



8.

From Table III it is evident that none of the
isoleted pure cultures corresponded with the stock strain
of Btreptococcus lactie and slso that CX1 differed from the
other isolated etrains by reason of a slow fermentation of
maltose. It was concluded that all the five straine
isolated from the two starters were types of Streptococcus
cremoris according to the classification of Orla Jensen
(19!3). Strain CX1 was selected ss most suitable for use

a8 & starter in the present investigation, because of ite

more rapid ascid production.

After 24 hours' growth in milk at 22°C. or at
30°C. the organism appeared ss slightly ovel Gram-positive
cells in pairs and in short cheins. 0eciniona113 long cheins
were formed. Milk cultures incubated at 57°C. showed chief-
1y diplococel with a small number of single cells, short
g¢hains end involution forms. When grown on casein sgar at
22°C. or st 30°C. the microscopical appearsnce of the
organism wae similer to that seen in the milk cultures at
thaic temperatures. A number of swollen and rod-shaped
cells, however, were salso present. On occasions, long and
very long chains were formed on cesein sger plates. At
37°C. the orgenism tended to form long ohains.

The colonies formed on casein agar snd yeast whey
agar plates were small, spherical, translucent to opague,

with entire margins.

Growth in milk was rapid snd & clot waes formed
within 24 hours. The rete of acid production was consist-
ently more rapid than wae the cese with the stock atrain of
Btreptococcus lectis. This mey heve been due to the fact
that CX1 wes of recent isolation from & mixed culture, while
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the S8treptococcus lactis had been growing for several years
on srtificial media in pure culture. Immediately after
isolation the first two transfers of CX{Y in milk showed
slight ges Tormetion. This property rapidly disappeared,
however, and hes not been obeserved since.

It bas already been mentioned that CX1 produces
only a smell proportion of volatile acid.

The sugar fermentation reactions have been given
in Teble III. They were later determined by the method of
Orlas-Jensen (1519) in which the amounte of scid torﬁca are
messured by titration. The results are given in Table IV
end it will be observed that they sre in close sgreement

with those given previously.

o
TABLE IV.

Wi | {

¥ . o
i © i W @
EE § .1 3 2181 &)
S P - o1 2 a
P proe e - f B b ©

Bt 1111814
g”;g k <« : s ] gi-’i o - tg
w : : |

Casedsi-| 1.3 1.1 1.4 t.4 1.4 2.4 6.3 6.1 5.9 k.3

digest.! !

A e ’ H & 5
£ .| 8 g i 2
F8 i 2 2 2 ¥i ¢« 8 & 83 ' Py
:.ﬂfé 8 8 wt P e £e 0 &0
ngt ) el b'v—! » g - 1 k| | z
sl 8 3 8 913 ¥ 2 33 288
' ‘; ‘3 = o g 1 - o o @ ; x B e
Coseind 1.6 2.0 5.2 1.3 1.3 1.8 1.4 13 8.3 5.1
diges ! :

i

- am”-an

1
(results givongau grms. of lactic acid per mille)

The proteolytic sction of the organaau* wag

determined by srb-th in s tvi.odlny phosphate solution of
rennet casein at 22°C, for 14 days. Formol titrations and
determinations of the percentage of protein soluble et pH &
showed that the organism had negligible proteclytic power.

® Figures kindly supplied by Mr.H,R,¥hitenead, Dairy
Research Institute (N.Z,)
t Doiaras?;ezb Mr.H.R.WVhitehead, Dairy Research Institute
LR
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A consideration of sll the characteristics led
to the conclusion that CX1 was most probably a strain of
Streptococcus cremorie (Orla-Jensen 1919). This conclusion
derives support from & recent paper by Knudsen (1931) who,
in discussing Orla-Jensen's classification of the lactic
ecid bacteris, states: "The deciding factor between the
two species (Se. lasctis snd 8c¢. cremoris) is, however,
that Streptococcus lactis cen ferment meltose and dextrin
while Streptococcus cremoris cannot."

For the whole period of the investigation the
organism wes resown deily in 200 c.c. of sterile milk and
incubated at 22°C. During the first month after isolation
the rate of scid production decressed until it became
necessary to use an inoculum of 1 ¢.e. daily in order to
induce clotting in 24 hours., During the next month the
rate of acid production incressed until only 4 drops of
inoculun were reguired. The sctivity of the orgenism
thereafter remsined constant end its cultures received the
same amount of inoculum as did five cheese "starters” which
were being mainteined in the laborstory under similar
conditions.

Great care was tsken to prevent contamination of
the starter throughout the whole period. Between the
manuf'scture of Cheese II and Cheese III the starter was
examined thoroughly. Ho contamination could be detected
either by pleting out on casein and standard agsr or by
direct microscopical examination. The sugar fermentation
reactiona proved to be identical with those originally
‘obtlinad. Determinations of the totel and volatile acid
pvodaetton gave values of 0,60% and 0.013% respectively.

It was evident thet sfter several months'
cultivation the starter organism had not altered ite

characteristics in eany detail which it was possible to
detect.



The rennet to be used in the manufacture of the
cheese wes cterilised by pessage through z 8Seitz beacterisl
rxlter, Some dirficulty was experienced in {inding s
rennet which would psss suificiently rapidly through the
filter., The rennet finally employed was of Danish manu-
fretuore and on account of long storage and passage through
the rilter was somewhat below standard strength. Not more
than the smount needed for one experiment was filtered at
the one time. The efficiency of the filtration was tested
by sowing laerge smounts of the {iltered rennet on casein
agar and standerd agsr. On no occssion was eny growth
obtained,

Commercisl cheese salt was used, It was steril-
ised by being heated in a hot-sir oven at 160°C. for one
nour, No bittsrness or other defect could be detected
- after sterilisstion.

For the purposes of this investigetion it was
necessary to use milk which, from the bacteriological
standpoint, was of the highest possible guality. With
this object in view the following procedure was followed.

Approximately 40 gellons of milk were required
for each experiment. The milk was obtained from approx-
imately equal numbers of Jersey and Friesian cows together
with two Ayrshirsa, Cheese IV, however, waes made from
Jersey milk only. Ho bacteriologiesl examination of the
milk f'rom the individual cows had previously been carried
out,

The cows were machine milked into pesils. The
pails, lids, teps end ell cens and lids were sterilised
in flowing steam for 1% hours before being used, The
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claws, cups and all the rubber perts of the machine were
immersed in hypochlorite solution for 5 hours and then
thoroughly drained snd rinsed in sterile water before use.
The udders of the cows were cleaned thoroughly by means of
a sponge and running water. The sponge was soaked in a
strong hypochlorite solution while not in use. Af'ter
sbout one pint of fore-milk had been drawn {rom the cow
by hand, the udder wes washed with hypochlorite solution
and dried with a cloth wrung out in the ann§ eolution, The
teat cups were then placed in position taking srcat'eare‘
to avoid contamination. As the pails filled, they were
repleced by other sterilised pails and carried with lide
on to the milk-room where the milk was poured through
sterilised muslin strsiners into the recelving csns. The
cows were stripped by hsnd and the strippings were rejected.
Only the mid-milk obteined by machine as described above
was used in the present investigation,

As soon s the requisite quantity of milk hed
been obtained it was transported to the factory several
chains away, weighed in the cans and transferred to a
cheese vat which had been thoroughly steamed. The milk
was well mixed by stirring with & wooden riko which had
been immersed in a copper of boiling water for some time.

A sample was then taken with 2 sterile pipette for bacter-
iological examination. This sample was labelled "raw
milk." On snother sample duplicate Babeock fat and Walker

casein tests were carried out.

Each experiment was uninterrupted from the
commencement of milking to the hooping of the curd, the
manufecturing process being carried out during the evening.

The milk was pasteuriced by the holding method at temper-
atures ranging in the different experiments from 145°P,



13.
to 150°F. for 30 minutes. Heating was effected by passing
steam through the water in the jecket of the vat, the milk
being stirred continuously with s wooden reke, Care was
taken to prevent tempersture fluctuation during the process.
After the 50 minute holding period the milk was cooled as
rapidly as possible to 88°. A sample was then taken with
a sterile pipette for bactericlogicel examination., This
sample was lsbelled "pasteurised milk."

As far as practicable the entire manufacturing
procese was performed under strietly sterile conditions.
The cheese-maker's clothing, including e cap to prevent
contemination {rom the hair, was autoc¢laved before use.

The cheese bandeges and caps were also autoclaved, A large
copper of water was kept boiling continuously throughout
the period of menufacture. BRvery utensil which came into
contact with the milk or curd wes previously immersed in
the boiling water for from 50 to 60 minutes. Utensils
which were used for a long period or more than once, were
sterilised at frequent intervals. Since it was necessary
to use the hends on the manipulation of the curd, the hande,
nails and arms were cleasned thoroughly and treated with
hypochlorite solution. The disiafectant was then washed
off in sterile water, This treatment was spplied on every
occasion before touching the milk or curd,

A cenvas cover which had been sterilised in boil-
ing water was placed over the vat to reduce the risk of
bacteriesl contamination 'rom the stmosphere. Throughout
the msnuflscturing procees the vat was uncovered only when
it was sbsolutely neceszsary. The use of two canvas covers
mede it possible to have one in boiling water while the
other was over the vat. The covers were changed frequently.

All samples of milk or whey were teken with
sterile pipettes.

As f'ar as was practicable the New Zesland method
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of Chedder cheese msnufscture from pasteurised milk was
followed. The process was controlled by means of the
acidimeter, the condition of the curd and the hot-iron
test. No ettempt was made to work to a rigid time schedule.
Particulers of manufacture are given in Tables V to IX.

During the c¢ooling process after pistourinatton,
68 soon a8 the temperature of the milk reached 82%,,
2.5% of the Sc. cremoris starter (CX1) wes stirred into
the milk. "Ripening” was sllowed to proceed until a
"pennet test” (Col. Leaflets) of 17 seconds st 88°F, wee
recorded with standard strength New Zealand rennet.
A "rennet test" was then carried out with the sterile
Danish rennet. 8ince this was below normsl strength it
gave a higher figure. The quesntity of Danish rennet to he
sdded wes calculated from the results of the rennet tests,
sssuming that the correct guantity of New Zesland rennet
was 4 to 5 ounces per 1000 pounds of milk., The actual
quantity to be used in esch experiment was decided upon
finally by taking into account the firmness of the curd
after 25 to 35 minutes in the previous experiment., The
reunet wse measured in e sterile measuring cylinder and
mixed with approximately five times its volume of sterile
water. After an scidity test of the milk had been taken
the rennet was evenly distributed over the vet and stirred
in thoroughly for two minutes. The vat was then covered
and left undisturbed until the curd was ready for cutting.

The firmnese of the curd was tested by 1#30?%1&3
& finger diagonally nnd raising 1t gently to the surface.
The resistance to the movement of the finger, the type
of break and the esppearence of the whey in the broken

surface were all considered in determining when to cut,



TABLE V.

Cheese I Manufacturing Record.

Milk,8tarter,Rennet & Salt.

ilt, per cent, 8.0

N
i
i
i = Particulars _ of  Manufact
Biiks efeny a1 e g Teaper-| i At ,Hasulec ure. 3 ;
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3 ; — : 4 A
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Cheese II Manufacturing Record.

i i
Hilk,Starter,Rennet & Salt. | Perticulars  of . Manufacture. i ,
A : ey T 3 " Haker's
Milk: ocdour Good | Operaticn  ITime mture Acidity  Rennet Tesy Time Intervals P Coservations,
? H ' ; : i hrs.ains.« :
flavour Good ;| Vat filled | - | - | 0,185 ; S
! : : : : : ! Aeid development
per cent.fat 3.8 | Starteradded! 8.05! 88 | 0.1756! N,2., 17 secs. Ripening periocd 48 ! slow in whey.
: ' ; 4 1 ! , ! A good curd at
» * gcasein 2.867 : Renneting t 8.835: 88 | 0.185; Danish 89 " | Renneting to cutting 35 ; running; slight
' ) i i ; H H i "anizsl" or “cowy"
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: : : : . : . { € blecks. Slow
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TABLE VII.
_Cheese 111 Manufscturing Record.

i
Milk,Starter,Rennet & Salt | . Particulars __ of _ Menufacture.
¢ H Texper- H H i Meaker’s
silk: odour geod ’! Cperation  iTime |ature Acidity Rennet Test | Time Intervals i _Coservatiocns
4 : S | : : : Bre.ins
flavour Good !} Vat fillesd R R i B $.165 ! ] !
3 . i t i ¥ i 1
per cent.fat 4.0 | Starter sdded; 7.50) &8 0.175!N.2. 17 secd.Ripening pericd 45 ! Dipped at an acid-
! ! § ! ! ; ! ity of 0.80% in
- ® gasein 2.61 ;Rw&etins s 8.15; 88 :0.186 ! Danish 29 * s Renneting tc cutting 38 ! order to encourage
' : ' t § ' ) y the activity of
casein/fat ratic U.6& ;| Cutting i 8.80; -~ {0.as | ; Cutting to heat on 1C | the starter. Good
; : i : : ' - ! firm curd; clean <
amcunt, 1b. 400 {Heat oa t 900! -~ 1 ! ¢ Heat on to heat off 80 : cdour and flavour;
i i § ' H 3 : t ne trace of "aniaal"™
pasteurisation 145°F | Heat off { 8.50] 99 ! - Hot-iron Test ! Renneting to dry 3 18 ! odour shatever.
tezp. {30 mins ) | ! ! : : ! ! Stirred twice ve-
' i i 1 i i i+ fore piling. Cut
terter: per cent. 2.5 | Running 112.80¢ - | 0.80 | = { Dry to milling € 12 | into & blecks.
H H : : - : £ : ! Normal cheddsring.
acid O.78 | Dry 13i.33; 99 | O.286) " } Hilling to salting 1 O ! Very good curd.
: $ : ! : ! : At salting nice
otal =ilk used, lb. 410 ;Ruhut aci 9. ey = e TH : - ; Salting to hooping 30 i silky body.
' ¢ Aty. H i H ' : '
ennet (ozs.standard 4.5 | Hilling ;! 1.46; o3 ] 0.72 | g ! Pry to salting S 18§
strength per : : i ) i ' : ¢
B s bood e [ s
urd, lt. at milling 45.8 | Salting ! .48 %0 io.?o § g ! Dnr;;iai of prese- e t
i [ i i i g t
¥ ; i i i 1 i ¥
llt. Ber cent. 3-0 : Rm‘nl 5 8-15: e ; - : - : . :
i i 3 i i 3 i




TABLE VIII.
Cheese IV Hanufacturing Record.

i
ilk,Starter,Rennet & Salt. i o ., _Particulars  of  Hanufacture.
3 H | Temper; : ¢ § Maker’s
iilk: ocdour Good | ration ! Time !ature sAcidity: Rennet Test i Time Intervals 2 Cuservations
i ¥ ¥ L] it i hrs.=mi -
flavour good f Vat filled ; - 2 - ¢ 08 } ! nq:
i : : ¥ ¥ i H
per cent.fat 3.5 | Starter aided} 9.05! 88 ! 0.1761N§.2. 17 secd.RiDening period 47} Slightly over-
; : H H ' ! ! stirred at remnet-
- " gasein 8.89 i Resneting . ©.58 ] 88 | ©.185; Danish ! Renneting to cutting 33 ing. Stirred curd
i : : i ldeutle E i geatly in the whey.
casein/Tat ratio 0.83 | Cutting P 10.858 ! -~ ! ©.185) stremth 8.5 “; Cutting to hest on 10} Heated slowly to
! i : i i : i 95°F., kept whey
amount, 1lb. 408 1 Heat on 130,88 = § =~ 1 ! Heat on to heat off 351 at this tempera- ®
i ; : : ’ ! i ture for 15 min- -
Pasteurisation 146°F] Heat off ! 11.10! 96 : ~ i Hot-iren Test: Renneting to dry 3 238! utes, then rsn out
teap. (30 mins ) | ! ' ' H H ¢ mest of the water
i ey ' : i : i from the jacket
jtarter: per cemt. 2.5 | Runaing | 1.10f - | O.185) 3/8" i Dry to milling 2 20, of the vat. Fair
1 : H ! ¢ ‘ . ; ! eurd 2t running.
acid 0.6¢ ! Dry ! 1.80F 981 ©.38 . i Milling to salting 1 45! Did not stir be-
i h i : : ! i fore piling. Cut
Potal milk used, 1b. 418 | Milling | 3.40{ 87! O, 70! ig" 1 Salting to hooping 30! inte 2 tlecks.

: $ ! ; ; : { BSlow cheddaring.
tennet (ozs.standard 7.6 | Highest soid- =~ { -1 Q.80 | - ! Dry to salting 4 5 Added hot water to
strength per 1 ity n i H H s : i Jscket of

1000 1us. ) ; ; : 3 ! ! i vat to raise the
: : ! ! ! i , { teamperature.After
jurd, 1lb. at milling 45.86 | Salting s 5-,353 84: 0.7 » i Duration of press- ! @milling the escap-
¢ ; H i i : ing $6 O ing whey appesred to
jalt, per cent. 1.5 1 Hooping i B6.58 Y - P ! t be rich in fat.Curd
: i ! ’ i i { troke down well;
' i i i i H i 8lightly harsh & &
' ' ' ' J ' i little tough. Used



TABLE IX.
Cheese V _Manufscturing Record.

. 3_23&221.3_@ of Hagufacture.
]

Bl e L

iilk,8tarter,Rennet & 8alt. v - : —
1 : i le‘f-t "
idlk: cdour i Operation i Time :ature Acidxtz‘ fennet Test |  Time Intervals. ! Coservations
i § i ' M : hrs.minsl
flavour Goed i Vat £illed | =~ ! - ! 0,188 } ! :
i L) i i i i 1+
per cent. fat 3.75 fstmmed. 7.s5§ &a ;o.m gn.z. 17 see:i Ripening pericd 1 O 3 :ﬂ::g;m;a;:
] y i - *
" * casein 2.861| Renneting i a..st 88 i 0.195 !Danish 279 " i Renneting to cutting 46 i :x;dt::::oué clean;
1 i i i § ] L]
casein/fat ratioc O, %0 i Cutting i a.mi - s 0. 14 i E Cutting to heat on : 10 E ;:in:::é"t:g:‘;r. :;
i i i 1 | $ § ; L -
amount, lb. 411 'ueat on : AR e e R i Heat on to heat off 45 . g&zit&g&:mu.
i ) i 1 ¥ i
pasteurisation 145“1'4 Heat off i m.ﬁsE & 5 - ;nat~1rcn Test 5 Renneting te dry 3 15 z :;nﬂorr:::r{nfr 2
s O e o : : : : : Brrvonin i gh
i i i L] ¥ i * -
jtarter: per cent. 8.5 | Runaing ! 3.1.33: - ; U. 21 ; s/8" : Dry te milling g8 ¢© : ::;1; g:*:a '::;kr
t ¥ i £ i (4 i
acid 0. 73 ;arx ; u.ws o7 ; .38 E " 5 Milling to saltingli © ; bvedy.
total milk used, 1b. 4z | Milling | 1.40{ €3 | 0.84 | 13" | Salting to heoping 35 |
i t f i i i
Iemt {ozs.standard 4.7 | Highest scig- =~ | - | 0.84 ! - | Dry tosalting 3 O i
strength per i ity : : i - : :
1000 1ks. ) - - : ! ; ' b
34 i t i ] ¥ e ¥
Jurd, lb. at milling 456.5 | Salting { 240} 69 ! O.81 } - ! Duration of press- i
1 : : : : : t . S 8
3alt, per ceat. 8.% | Hooping § 3.15% b WP - i i
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When the curd was considered firm enough it was cut into
helf imch cubes by meens of sterile curd knives, The curd
which remeined clinging to the sides and bottom of the vat
was removed by hand. Stirring wee cerried out gently for
10 minutes before the application of hest, Then the temper-
ature was reised in 40 to 50 minutes to the desired "cooking"
or "scelding" tempersture, namely 99°F. to 100°F, Stirring
was continued throughout the cooking period.

_ The time of "running" was determined by thc.rzrnn
ness of the curd and the acidity of the whey. In order to
encourage the development of acidity im the ecurd af'ter dry-
ing the whey was run off at an ecidity 0.01 to 0,02% |
higher than uvsual.

The curd was stirred twice before being piled at
the end of the vat swsy from the tap. The pile was trimmed
twice and the trimmings were placed on top. The curd was
sllowed to "mat" for 20 to 30 minutes and then cut into
i or & pleces depending upon the moisture content. The
blocks were then turned over st intervels of 15 minutes.

In order to sssist the cheddaring process the blocks were
plled two and three deep after the second snd third turn-
ings respectively.

The time of "milling" wass determined by exsmine-
tion of the curd texture, by the acidity of the whey and by
the length of "thresds" on the hot iron. The curd was :
weighed in a eterile metsl tray, cut into smaller blocks
and passed through a sterile curd mill which cut the curd
into rectangular pieces approximately 4" » 4" x 4 to 6"
in size. The milled curd wase etirred and spread over
the bottom of the vet in a layer & to 8 inches deep. .
Stirring was repested at 15 minute intervals,

When the curd had "broken down" into a smooth
plastic mass with & charscteristic "silky" or "meaty"

texture snd the mechenical holes hed disappesred, the salt
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was applied. At this stage slso the hot-iron test and
the acidity of the whey were recorded. The amount of salt
to be added was determined by the condition of the curd.
Half the aslt was spread evenly over the cuprd, the other

helf being epplied after turning. A thorough stirring wee
then given snd this wae repeated 15 minutes later, the curd
being piled in one corner of the vat in the meantime.

¥hen the salt had dissolved the curd was die-
tributed into four hoope, which had previously been steril-
ised and lined with sterile cheese cloth. The hoops were
packed firmly, sterile caps and lids were put into place
end & steady pressure was applied. After 30 to 45 minutes
the cheeses were removed from the press and "dressed” i.e.
the reagged edges were removed and the ends of the bandages
adjusted. They were then replaced in the press and s
greater pressure was applied and maintained for §3 to 54
hours, after which time the cheeses were removed, marked,
and rubbed over with unsalted lard to prevent excessive
loss of moisture., The lard, which hed previously been
trested with formelin, wes heated to 100°C. for several
minutes, cooled until nesr the solidification point, and
then applied.

The cheeses were allowed to ripen at €0°F, in a

room maéintained st this temperature by a hester and thermo-

stat, The relative humidity of the room veried from 70
to 908,

. The numbers of bacteris in the milk samples were
estimated by dilution end .plating on casein agsr and yeast
whey agar at 30°C. On every occasion the plates were pre-

pared within two hours of the removel of the sample from
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the vat, The samples were tested for the presence of
B. coli by inoculation of 1 ¢.c. into tubes of MacConkey's
broth, In the case of the samples taken during the manu-
facture of Cheeses III and V, 10 c.c., quentities were
inoculated into MacConkey Tubes, On no occasion wee a
positive result obtained,

The plates were counted after incubation for 48
hours by means of a lens giving a megnification of 10

dismetera. The results are presented in Table X,

Cheese; Hedium H Rew Milk | Pesteurised Milk
i {Plate Count B.coli, | Plate Count{ B.ecoli
: +REr C.C.t L T . :
i i ] 4 ]

I (Casein sgar | 4,380 |Nome in | 92 | None in
: i i1 a0, ¢ I 1 e.c,
;Yoaat whey LU 4,500 ! 29 1
: ! : 2 :

II [Cssein agar | 1,440 |Nome in | | Hone 1n
i i 11 0.8, H 14 0.0,
| Yosst Whey agar, 1,530 | : 5 !
: : : : :
] i t 1 §

IITI [Casein mgar | 1,720 | None in | 458 { None in
1 s 3!9 c.e, ! S i 10 e.e.
' Yeast Yhey ugu-: 1,770 : ! W66 i
| = 3 : :

Iv tcaaoin agar § 17,800 é&aua in ; 243 ; Hone in

1 ' Q e. £ ‘ B.O.

,Ycutw sgar, 20,400 | 5 689 i
) ) i 1 i
i i i

v i Cesein sgar | 3,440 ! None in | 252 5 Hione in
! g ;10 6.8 1 ! 10 e.c0.
o : s

est whey agap 4,150

The counts of the raw milk samples ranged from 1,440 to
4,380 per c¢.c. on casein eger and from 1,530 to 4,500 on
yeast whey ager except in experiment IV where much higher
counts were recorded. This exception is probsbly sccounted
for by the fact that this was the first experiment and that
there were probably errors in the technigue in the milking
shed. The counts of the pesteurised samples ranged from

3 to 438 per c.c. on cesein sgar end from 5 to 466 on yesst
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whey agar. In every cese the yesst whey agar gave @&

slightly higher count than the caseln agar,

At this point it is convenient to make a short
digression to discuss the guestion of becteris in freshly
drewn milk. WNumerous investigetors hsve studied the
bacterial {lora of milk drawn under asseptic conditions and
have determined the number of orgsnisme present. The
following table (Dorner 1930) is & summery of the findingse
of various workers.

TABLE XI.
Author !\ Aversge count Number of
i perc.c. .. Qows,
Schulz (1892) i 2,530 ; u
Russell (1834) i 330 H -
Mershall (1900) : 295 : -
von Freudeureich {(1302) | 295 ' -
Lux (1303) ] 1,391 i 10
Harding & ¥Wileon (12153 : 428 : 78
Burri & Hohl (1917 ! %7 ! 16
Copeland & Olson 21926 i 1,546 ] 50
Alice 7. PBreed 1928 E 6x 5 12

According to Gorini (1902) the number varies
from zero to 300,000 per ¢.c. Sherman (1915) found that
13.4% of the samples he examined contained over 10,000
per ¢.c¢. and 28,3% more than 5,000 per c.c. Dorner {(1930)
examined 59%% samples of milk drawn under sseptic conditione
trom 1352 cowe of & herds in New York State. The examina-
tions were carried out by the standard sger plate method
and the Burri gquantitative smesr technique. From the
resulte, the probable bacterial count of the milk from
each herd was calculated. The lowest herd count ealcul-
ated from the Burri slant results wes 3,965 per c.c., the
higheat was 9,635 per c.c, and the aversge was 7,475
per ¢.¢. The herd counts casleculated from the standard
sgar plate results ranged from 530 per c¢.c. to 4,%90
per c.c,, the average being 2,775 per ¢.c¢. Dorner con-
sidered thet the large difference between the counts
obtained by the two methods was due to the failure of the
most common orgenism (rods related to Bacterium lipolyticus
(Bvane) ) to develop on stsndard sger plates. Later st
Liebel'eld, Switzerlend, Dorner examined 944 semples rom
241 cows of 22 herds by the Burri method and obtained &
calenlated average herd count of 5,093 per c.c¢. Incident-
ally orgenismse of the Bacterium lipolyticues type were
fewest in number .

It is intereating to record that in the present
investigetion rods similar to Bacterium lipolyticus
(Rvene) were found in several esmples of raw and pasteurised
milk.

Taking into sccount the media uacd‘;nd the temper-

ature of incubstion, it will be seen thst the counts

obteined with the rew milk in this investigetion compared



2k,
very favoursbly with those obtained by other investigators

with aseptically drawn milk,

The pletes used or the estimation of {he total
number of bacteris were incubated for & further period of
5 days, Streak cultures of the rew and pssteurised samples
were also made on casein ager and stendard agar plates.
These were incubated for 7 daye st 30°C, The colonies were
examined by the naked eye &nd under the 1/%" objective and
from 20 to %0 colonies were plcked from the pasteurised
milk plates, Smeare were nade on slides end steined by
Gram's method. BExcept in expokiaont V the examination of
the raw milk sauples wee not so thorough.

The organisme found were classified as accurately
a8 possible af'ter consideration of size, shape, opseity,
colour and other colony charscteristice and also morphology
end staining resctions. At the same time the percentage
of' each type present wae estimeted ss sccurstely as
possible, The resulte are given in Table XII. It will
be observed that there ls good sgreement in the types and
to & lesser extent in their relative freguency of occur-

rence in all the raw snd pasteurised milk samples.



Percentage Dis

-

3

25.
tribution of Types of gaateria found in the

:
! f
i 1
Cheese  Raw Milk : Pasteurised Milk.
)
I ! “Yellow" nierococci 75 per cauq "Yellow"” aierococol 8o por cen
i "White" i "White" 20
! "Orange" " 41 " 3 "Opange" “ Absent
i
II | "Yellow" micrococei 80 per centl. "Yellow" -1mmnmxu&e) 23 per cen
{ "White" » 20 " 1 “¥hite"
: i "Yellow" * (" 12 "
; | Bacterium X 25 "
] i
III ! "Yellow" micrococel 50 per cenyl. "Yellow" micrococei 98 per cen
¢ “White" il t "White" » <8 "
| "Orange" " 15 * | “openge" " Absent
{ Bacterium X 7 » i Bacterium X 1 o
H i
IV | "Yellow" micrococel 75 per centl., "Yellow" nierocoool 2% por cen
! "White" . 24 . i "White" Ag
! "Oracge" . 1 » ! "Orange" ¥ unt.
i i
¥ | "Yellow" micrococei 40 per centl. "Yellow" micrococei 70 per cen
i "White" i 35 " ! "¥hite" . 20
z "¥Yhite" "(R) 15 " i "White" " (R) w "
"Orange" " 10 * | "Opange" " Absent.
i Bacterium X <1 * } BacteriumX g

Representatives of each type were subcultured inte

milk and on to

the morphology,

casein eger and stenderd sger slopes so that

cultural chsracterigtics and biochemical

resctions could be studied in grester deteil. The results

sre given in Tables XIII to XVII.

Morphology:

Casein agar:

Steandsrd agar:
Litmus milk:

Gram-positive coccus :fproxiaataly tx in
dismeter. Cells spherical.

Luxurisnt growth; large, lemon-yellow, opague,
8lightly reised colony with entire mergin.
Pisnontatton not develcped until colonies

to & daye old,

Good growth.

Acid developed slowly; clot at 14 days. A
lemon coloured deposit formed st bottom of

‘tube. At 4 weeks the lower half of the litmus

decolorized. No digestioen,
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TABLE XIII (Continued)
Gelatin: Slow liguefaction.
Indole - Negutive
Fermentstion of Sugars:

1day 2 days 3 deys 7 deys 14 days

Duleite - - - - -
Dextrose & kS + + +
Lactose 1 < + + +
S8accherose i 1 L + +

Morphology: Gram-positive coccus 1 x in dismeter, occur-
ring chiefly in psirs; cells aphericel,

Casein ager: Luxuriant growth; colony smsller than that
of the "Yellow" micrococcus, trenslucent
to opaque, whitish, with entire margin.

Standard ager: Good growth.

Litmus milk: Acid developed slowly; clot at & deys;
at 8 days decolorization commenced from
bottom., At 4 weeks lower half decolorized.
Ho digestion.

Gelatin: Slow liquefection.

Indole: Negative

Permentation of Sugars:

t day 2 days 5 days 7 Qays 1) days

Dulcite - - - - -
Dextrose + + +* + +
Lactose + + & + +
Saccharose + + + 0 +
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TABLE _XIV,

Cheracters of Orgenisme isolsted from

Pesteurised Milk II.

Yellow Micrococeus (8).

Morphology:

Casein agar:

Litmus milk:

Gelatin:

Gram-positive coccus sbout t» 1in diemeter,

Luxuriant growth; colony large, yellow,
opaque, with entire meargin,

At & days slightly acid with yellow deposit
at bottom. Acid sand clot in 9 days. At 12
days litmus decolorized leaving only & red
ring at top. Wo digestion in 21 days.

S8low liguefsction,

Fermentation of Sugars:

Dulecite

1 day 2 days 3 desys 7 deys 14 days

Dextrose + + +* + +
Lectose L] L L 4 +
Saccharose - - 1 L +

Yellow Microcoeeus (P).

Morphology:

Caseln agar:

Litmus milk:

Gelatin:

Grem-positive coccus 1 to 1.5 in diemeter,
occurring chiefly ss tetrads.

Luxuriant growth; colony large, yellow,
opaque, with entire margin,

" Good growth but no visible action in 21 days,

Comparatively ragtd liqueraction. Very good
liquefaction in I days.

Fermentation of Bugars:

Horphologys

Casein agar:

Litmus milk:

Gelatia:

Good growth in dulcite, dextrose, lactoee
and sacchercse, but no fermentation in
21 days.

¥hite Micrococcus.

Gram-positive coccus 0.5« in diameter.

Good growth; colony smaller then either
8 or P, whitish, opeque, with entire margin.

Acid developed very slowly; no clot in
21 deys. No digestion.

S8low liquefaction.
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TABLE XIV, (Continued)

Fermentation of Bugars:

t day 2 dsye 3 daye 7 dayse

Duleite
Dextrose
Lactose
S8accharcse

ft 1 =1
W B
- Sl A
+*+ % + |

14 days.

* * % 3

Morphology:

Casein agar?

Litmus milk:

Gelatin:

Bagillus X.

Short, thin Gram-positive rod; non-motile;
non-sporing. VFrom casein agsr spproximstely
G5 to 0.7 w by 1 to 2 » . In milk ususlly
0.5 to .7 » By 2 %o 4 » . Rode stralght,

s few slightly curved. Ho chains,
Characteristic arrangement as shown by
*diphtheroid organisma" is common; rods often
lying parallel to one snother in groups of

2 or 3; often in peirs forming verious angles;
sometimes rods crossed et ends, $
ocecasionally branching forms found,
Metachromatic steining common; Dbipoler
staining occasionally present.

Good growth in % to § deys. Colony very asmell,
transparent to trsanslucent, slightly glisten-~
ing surface, sphericel with entire margin.
Microscopic examination (1/3" objective)
reveals & characteristic, very small, dense
portion in centre of colony.

Optimum temperature 30°C, At 37°C,
growth is almoat as rapid,

Poor growth; often difficult to obtain
mualtiplication. No wisible effect other than
ocecasional slight acid formation.

Poor growth; colonies very smell; no
liguef'action.

Peptone Solution: Blow growth; no indole formed,

Acidity in milk (21 daye): 0.0k per cent.
Volatile Acidity(21 days): 0.007 per cent.,
Permentation of Sugers (casein digest medium):

g i | !
§ | ” & i &
G y Y i © o & t

o .

L it eR0 s 2t 2 bttt

L 9 108« d«ulghaﬂigasﬂ)dkgo
ag:amaggggzz:gz:g“zgzgg“z

P ~ X Py

4 igh3dcaBtisdfsadyaaiss

: ! | :

7 ’mu-‘n—"’L*L"ILLL"I-"’
LU ST S S (S S T T S PGS
21 " ! » e e a g =l e e Ll s e =l sy ¢
28 » oo i t t
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TABLE XV.
Charscters of Orgenisms isolated from
Pegteurised Milk III.

Ko study was made of the "Yellow” and the "White"
mierococel found in this sample. A thorough investigation,
however, was carried out on the Bacillus X type isolated.
It was 'ound to be identical with the Baecillus X type of
pasteurised milk II.

TADLE XVI,

Characters of Orgenisms isolasted from

Yellow Higrococeus.
#orphology: Graw-positive cocous 1 u in dismeter.
Casein ager: Luxurisnt growth; large, yellow, slightly
raised, opegue, glistening colony;
spherical with entire mergin.
Standard asger: Good swoi%h.
Litmus milk: Acid developed slowly; clot at 14 days.
At 3 days & yellow deposit formed at
bottom of tube. Decolorigzation from bottom,
Ho digestion.
Gelatin: - 8low ligquefaction.
Indole: Negative,
Fermentation of Bugers:
t day 2 days 5 deys 7 days 14 days
Duleite

Dextrose - * + - -

Lactose - + + + *

Saccharose o [l & + »>
¥hite Microcogous.

Morphology: Gram-positive coccus 1 in dlameter,
occurring chiefly in pairs.

Casein sgar: Good growth. Colony white, opaque, raised,
somewhet tough.

Litmus milk: Acid developed slowly; elot at 14 days.
Decolorization from bottom, ®Wo digestion.

Gelatin: 8low liguefaction.
Indole: Hegative.
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TABLE XVI. (Continued’

Fermentation of Sugsrs:

1 dey 2 days % days 7 daya 14 days

mlei t‘ - - bl - -~

Dextrose - 4 - - +

Lactose - + + * +

S8accharose - + + - +
TABLE XVII.

Characters of Organisme isolated from

¥hite Micrococcus (R)

¥orphology:

Caselin sgar:

Litmus milk:

Gelatin:
Indole:

Fermentation of

Dulecite
Dextrose
Lectose
Saccharose

Gram-negative coccus 1.5~ in diameter,
oceurring chiefly in paire; cells slightly

Good growth; colony white, translucent,
glistening, with entire margin.

At 10 days slightly slkaline; well-defined
at 21 Gsys; deeply alkaline st 28 days.

Ho liquefsction in 28 daye.
Negative.
Bugars:
1 day 2 days % days 14 days 20 Qaysa.

I e O
¥ T 31
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It is evident that two distinct types of
bacteria were found in the raw and pesteurised milk semples,
nsmely, micrococel end rods similer to Bacterium lipolyticus
(Bvene). (For want of & better neme these rods have been
designated Bacterium X),

Although 8 thorough seerch was mede in the
plates Irom the pasteuriced milk semples for streptococcl
and lsctobaecilli, none were found, It was concluded thet
these organisms were not present in the milk to the extent
of one per cubic centimetre., One spparent streptococecal
colony wae found on one of the raw milk plates in Expt.III.
The orgsniem, however, I'siled to grow when plcked into
milk and the poseibility of confirmation was lost,

Vith the object of* encouraging the multiplication
of any lactobacilli which may have been present in the milks
in very small numbers, sll the milk samples were incubsted
at 30°C. for several weeke, Unfortunately there was no
opportunity later for the examinstion of the samples,

It will be convenient here to review briefly
Iteest Jeeitia 3 PEtotor Tib TRt Sditite.
-Owing to the conditions preveiling in the normal udder,
the number of types of bacteria found there is strictly
limited. Three main types have been recognised, namely,
micrococcli, streptococeil and rod forms related to Brucells

asbortus (Meyer & Shaw) snd to Bscterium lipolyticus
(Evans ).

Kicrococed .

The group uauelly constitutes the greatest
proportion of the udder orgesnisms., GCorini found a pre-~
ponderance of these orgenisme in sseptically drswn milk.

Dorner (13350 summasrized the results of other workers as
follows:~

TABLE XVIII.
Author. i?crccntacc of micrococei
- LAamong culiures 180i8TeC
 von Freudenreich (1902 ; nearl ‘

Lux -,.1seg i 90 - 4%

Esten & Mason 2130 : 9%

Hepding & Wilson 1913 ! 7

Bvens (1916 i g A"
(1917) ; 2.5 *

Burri & Hohl

# These numbers are percentages of micrococci in the
totel number of samples examined,
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Dorner (1330) in a study of 993 samples of aseptic-
ally drawn milk from 132 cows in New York State, found the
micrococci to be the most common type on standard sgsr
plates but the leset common type on Burri slants. Later,

in Switzerland, a study of %44 semples by the Burri method
showed the micrococel to be the most sbundant type.

Table XII of the present investigetion showe that
the micrococei undoubtedly predominated in both raw and
pasteurised milk samples. They edapr&sad from 9% to 100
per cent. of the flors of the rew milk samples and from 7%
to 100 per cent. of the flore of the pasteurised milk
samples. Three types of micrococel were observed, "White,"
"Yellow"” and "Orange."™ In almost every instance the
"Yellow" micrococel were present in greater numbers than
the "¥hite". The "Orange" micrococeil were present iu
numbers verying from 1 to 10 per cent in 60% of the raw milk
samples, but were sbsent in the pasteurised milk samples,
It sppesreé therefore that the "Orange" orgsnisms were
unable to withstand pasteurisation although their absence
in the pesteurised milk mey have been only sappsrent and
have been due not to their destruction but to an alteration
in their pigment-producing properties. The "Yellow"
micrococel sppeared to have grester powers of heat resist-
ance then the "White,” HNo more detailed examinstion of
these orgenisme wes made mainly on account of the fact
that there is no seatisfactory clsesification at present.
Streptogocel.

Sherman & Hastings (1915) found streptococei in
38,6% of the ssmples from &5 cows of 4 herds. Evans (1916)
found strestococei in 15.1% of 192 samples from 161 cows,
Dorner (1930) examined 993 samples from 132 cows of & herds
end obtsined for streptococci an everasge frequency of 15.8%
on Burri slants snd 12,1% on standard sger plates.

Streptococcus lectis has been found only in & few
exceptional cases. Hvans concluded that "Streptococcus
lactis does not localize and multiply in the udder." 1In

many ceses it is doubtful whether steptococci isolated from
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apparently normel udders were pasrasitic or potentislly
pathogenice. When found they were ususlly present in large
nunbers.

A8 hes been stated before, no streptococci were
isolated from the samples examined in the present work., This
is not surprising for it muet be remembered that all the
cows in the herd had been under constant veterinary observa-
tion for seversl years and that direct microscopic examinae-
tion of the herd milk wes made dnily. There was no dirficulty,
therefore, in excluding from the group of cows used for
this work, sny enimals which on any occasion had shown
symptoms of udder disesse or abnormal secretion.

Rod Forms.

Evens (1918a) described s number of Gram-positive
abortus-~like orgenisms to which she gave the name Bascterium
lipolyticus. They were present in 23.4% of alﬁploo from
161 cowa. The presence of eimilar bacteria in milk wae
later reported by Steck (1921)., Derner (1230) found that
his ssmples contained rode of this type in 34,84 of cases
when examined by the Burri slent method and in 8.8% of
cesens by the stendard agar plate method. In his later
work in Switzerland he found the rode in 15.4% of the
pamples examined by the Burri method. In ihe present work
rods of this type were found in numbers varying from 1 to
25% in 40% of the raw and pesteurised milk samples. It is
spperent that the rods were able to withastend pssteurise-
tion at 145°F. for 30 mins. Detelled charscterietics of

the organisms are given in Table XIV,

A peir of forceps, a scalpel esnd a cheese “trier"

were sterilised in boiling water for five minutes. The

lard was removed from & smell ares on the side of the cheese
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and the rind treated with e strong solution of hypochlorite.
By means of the scalpel and forceps a portion of the rind
sbout 1/8" in thickness was raised and the cooled trier
inserted. A plﬁg wes drawn, the outer halfl inch wes dis-
carded and the remeinder was placed in s sterile sample
bott e, the plug hole wes filled with melted paraffin wax
and the rind was replaced. BSubsequent plugs were taken
at intervals round the circmmference of' the cheese about
one third of the distance from either end. In order to
preveat contamination, the plugs taken for bacteriologicsl
exsmination were speced ss widely spart as possible and
alwaye drawn bef'ore those used for chemical analysis. For
the ssme reason, not more than two bacteriologicel examina-~
tions were performed on any one cheese; other cheeses in
the seme series were used for further examinations. For
most of the bacteriological exsminations two plugs represent-
ing & total of 20 - 25 grms. were taken for easch examina-
tion. In the later examinations only one plug was used.
The “"trier" used reached to the centre of tho cheese.
Bacteriologicel examinetion.

The cheeses were examined at 2 daye, ¢ days,
16 days, 1 month and 2 monthe., The sample plugs in each
case were thoroughly ground in a sterile mortar with 100
c.¢. of sterile water et approximately 30°0., csre being
taken to avoid contamination. The emulsion so obtained
was transferred to a sterile rubber stoppered boitle.
Tdtal and volatile acid production of the mixture of orgean-
isms present in the cheese were determined by inoculation
of 1 ¢.¢. of the emuleion into 200 ec.c. sterile milk,
incubation at 22°C, end subsequent exemination of the milk
as previocusly described, "Sugar" tubes were also
inoculated from the cheese emulsion. The results of both

these exsminations sre given in Tables XIX to XXII.
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A large loopful of the cheese emulsion was
stresked on both casein agar and stendard sger plates.
The plstes were incubated for & deys st 30°C. and the
types of organiems present were then determined by the
same methods ss were used in the examination of the milk

plates. The numbers of each type were alsc estimated
as before. The percentages of the vaerious types present

are given in Teble XXIII,

TABLE XXIII.
Percentage Distribution of Types of Bacteris present in

Cheese| | ’
Group | Age Distribution
per cent.

I 1-15-11 2 deys! Streptococei 100
. Micrococei {("White") < 1
9 days! Streptococei 85
Lectobaeilli 15
Micrococel (“"White") <
. 2-15-11] 16 daysi Streptococei 30
Lactobaecilli 4+
Kicrococei ("wWhite") <1
- 11 month{ Lactobacilli 100
II | 1-29-11] 2 days| Streptococei 9;

| { Micrococei ("White")
€ deys; Streptococel 80
! Lactobseilld a0
2-23-11 16 days{ Streptococei 10
| Lsctobeeilli 20
14 mthei Lactobsecilli 100
3-£9-11 2 mths.| Btreptococei 15
Lectobacilli 85
2§ mths{ Lsctobacilli 100
ITII § 1-10-1 { 2 deys B8treptococel 100
Lactobaecilli <1

L] ,

%6 days | Streptococet 90
Lactobacilli 0
2-10-1 % month | Streptococei 8o
& Lactobeeilld 20




A\

K<,
| H
Cheese
Gpoup i Cheese  Axe . Pistribution
per cent.
v 1-1-114 2 days! Streptococei 60
, Micrococei [ "White") 38
Micrococei ("Yellow") 2
& daysi Streptococei 98
Micrococci ("White") 2
{ Micrococei (“"Yellow") <
{2-1-11 | 16 days! Streptococei 35
: Mierococel {("¥hite") 3%
Lactobseilll 30
1 monthi Streptococed 10
Mierococel ("¥Wnite") 24
Lactobacilli 90
3-1-11 1 2% -thq% Lactobacilli 100
!7
v =514 2 days Streptococel 100
& days Streptococei 100

As before, representatives of sach type were picked
off end sown into milk end on to cesein ager end standard
agar slopes, 8o that morphology, cultural charactaristics
and blochemical resctions could be studied in detasil.

The results are summerized in Tables XXIV to XXVIII.

TABLE XXIV.
Characters of Orgenisms isolated from
; Cheese 1.

Orgenism A.
Cheese: 2-~15-11 Age: 14 days.

Morphology: (e) Casein sgar.

Rods spproximstely 2 to 5 » by 0.8 to 1.
streight end slightly curved. Majority
in medium, long snd very long chains;
chains well twisted.

(b) Milk,
Rods 2 to 6 « by 0.8 to ' » ; straight
and slightly twisted; many in chaine
of 2, 5 and 4.

Casein ager: Good growth in 2 days. At 5 days whitieh,

e

opague, spherical colony with entire mergin.
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TABLE XXIV (Continued’

Milk: Smooth clot in 3 days.
Acid produced: o.60 per cent.
Volatile acid produced: 0,139 " v
Percentage vol,A/A: 23.1 " .

Fermentation of Sugars:

§ : L :
il E R M
& i 1O o§= oggt o ]
Y2t o 882285 388108 38iats S
2, 18 & = ww«#g o:gssws«r«?u
‘i g ¢ & § B £ oib » 8 @i o det ® L e
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.. 2 “ & ég P g i a ™M o 33 -
i : : !
54081 ~ = « = = » = 4 * + L i ¥ % L =je = -
I " e m ek e s e s s Sl s s e - e
81 ¥ = = « w & s =0d A R i Dl
aa”:“‘“"’“"“;“**:**"|-““*
! ' i i
Opganiswe B,

Cheese: 2-15-11, Age: 1 month,

Morphology: (a) Casein ager.

Rods 1.5 to 2.5 » by 1 1 ; straight.
A large number of chains of % and 4;
chains slightly twisted.

() Milk,

Rods 2 to 2.5 » by 1. ; straight end
8lightly curved; . occasional rode 4

in length. Majority oceur singly;

& number of chaims of 2 and 3%,

Casein ager: Good growth in 2 days. Colony translucent
to opague, spherical with entire msrgin.

Milk: ' Clot in 6 days,

Acid produced: ©.47 per cent.

Volatile acid produced: 0,035 * "
Percentage vol.A/A: 2T S "
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TABLE XXV,

Charscters of Organisms isolated from
Cheese II

Orgenism C,

Cheese: 2-29-tir Age: 1} months.

Morphology: (a) Casein sgar.
Rods 2.5 to 3.5 » by 1 « Majority
in ltdiaa snd long cha{;s; chelne

elightly twisted, Cultures sometimes
show short stout rods with well rounded

ends.
‘D) Milk.

Rods 4 to € by 0.8 to 14 . A smell
number ol twisted chsins of 2 snd 3,

Casein sger:  Good growth in 2 daye. At 5 days colony
opague, mphorieal.'vith entire margin.

Milk: Clot in 3 days.

Acid produced: ; S.75 per cent,
Volatile scid produced: 0,123 " *
Percentage vol.A/A: 8 * ¥

Vermentation of sugars:

Arabinose

Xylose

T l‘t . =4
R 1’“1‘13

: i 4
43‘ - - e 7 1 ~f + + L%' * F * A w = - @
8 L O S B e R G T L R O B G SR B
14 0! A R S T R S R N R S N TR L R R
g 0 R R e S
28 -~ = =+ -} + & 24} + 2 # 4 - « - 4
4 k t |
Opgeanism D.
Cheese: 5-29-11. Age: 2 months,

Morphology: (a) Cesein ager.

Rods 2.5 to 3.5~ by 0.8 to 1w 3 meny

twisted. Long twisted chains.,
(b) Milk.

Rods 3 w by 0.5 to ©.7 . . Humerous long

cheine.
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TABLE XXV (Continued)

Casein agasr: Comparatively poor growth; not visible in
two days. Characteristic colony; at 6
days amall, trenslucent, with undulate to
ragged mergin; never opague even on
prolonged incubstion,

Milk: Clot in 2 days.

Aeid produced: 0.9€ per cent.

Volatile meid produced: ¢.,016 " .

Percentage vol.A/A: 1.6 = "

Fermentation of Sugers:

o 3 @ 39 u!% o':
¢ in © © i i
EEIFREEEE SRR IENE IPEPE
2 186 3 e 816 & 818 & vl G20 § -
1F iax ¢t} MR ERERRHEIER
ln§ :O -~ 8 :*48 6: -1 ! 8am
| i \ H
JANR {~ - =~ = = = wik e aLle 1 1 <l e s -
F' W CH el e e e e e e .6 » .9 AT S T R S
5 " - w m ow owm § i b b S ¢ L =ge =~ = 1
gy @ - m e = = =l e ok z+ + 4 =l - =
28 * T B }0 2 2l 8 4 19 wiw 3§
i _ i
Orgenism E.
Cheese: 3-20-11- : Age: 2 months,

Morphology: (&) Casein agar.

Rods 2.5 to 3.5« by 0.8 to t”’ :
streight., No ains,

(b) Milk.
straight. MNajority occur singly;
8 small number of straight chains of
2 and 3.

Casein agsr: Good growth in 2 days. At § days smsll,
translucent spherical colony with entire
mergin; older colonies translucent to
opague.,

Milks Clot in & days.

Acid produced: 0.33 per cent.

Volatile acid produced: O0,0%§ * »

Percentage vol.A/A: 10.5 " "
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Fermentation of Sugsers:

2¢ months,

B/w.

;3 straight

Age:
by 0.8
ed. Majority present
by 6.5 to O,
ine.
L4

"

colony opaque at centre
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Q.71 per cent.
g.022 "

in long twisted cheins,
5.0

and slightly
(b) Milk,

Humerous long

Reods 2.% to 3

Rods 2.5 to 3
but always translucent to trensparent at

Poor growth in two deys; at 5 deys colony
margin.,

translucent to opeque, spherical with

entire marging
Clot in % days.

{a) Casein agar.

Morphology:

Casein syer:

Acid produced:
Volatile acid produced:
Percentage vol. A A:
Fermentation of Sugers:
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TABLE XXVI. :
Characters of Organisms isolated from

Opganism G.
Cheeset: 1-10-~% Age: 2 days.

Morphology: (a) Casein sger.
Rods 1 to 20 by 1 ; @ number sppesr-
ing like oval cocel., Numerous twisted
chains,

{ b) Milk,

Rods 2 to €, by ;/v ; straight and
twisted. A number of chains of 2 and 3;
meny twisted,

Casein sgar: CGood growth in 5 days. At 5 days opaque,
spherical colony with entire margin,

Milk:s Clot in 4 days.

Permentation of Sugars,
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orgenisn .
Cheease: 1~10-1 Age: 16 days.

Morphology: (a) Casein sger.
Rods 2 to 3. by ¢.8 to 1 3
i .

ocourring efly singly; & few short
and long cheine; chains streight and
twisted,

(b) Milk,

Rode 2 to 6 » by 0.8 to 1.0 ; numerous
twisted chaine of 2, 3 and 4.

Casein agar: Good growth in 2 dsys. At % daye whitish,
opaque, spherical colony with entire
margin,

Milk: Clot in 4 days.
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JABLE XXVII.

Cheracters of Organisms §solated from

2

Orgsplem M.
Cheese 1~1-11- Age: 2§ months.

Morphologys (a) Caesein agar.

' Rods 1.5 to 2,5 by 1 to 1.5 1 3
straight, Rumerous twisted chains
of 5 and 4; & small number of long
twisted cheins.

(b) Milk,
Rode 2 to 6/& by 1/p ; straight and
slightly curved. A smell number of
cheine of 2 and 3.

Casein agar: Good growth in 2 days. At 5 days opaque,
spherical colony with entire margian.

Milk: clot in 3 days.

Acid produced: ©.53 per cent.
Volatile acid produced: ©O,044 " .
Percentege vol.A/At 8.2 * y

Fermentation of Bugers:

: ¥hite Micrococcus.
Morphology: Gram-positive coccus 1m in dismeter.

Casein agar: ILuxurisnt growth; colony large, white,
opague, glistening with entire margin.

Litmus milk: Slow growth; no change in 14 deys.
Gelatins 8low ligquefsction.
Indole: Fositive,
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TABLE XXVII (Continued)
FPermentation of Sugers:

Duleite, dextrin, lactose snd saccharoge

were not attacked slthough rapid growth
ocourred,

Yellow Micrococcus.

The Yewllow Micrococcus exhibited similar

characters to the White, the only difference being the
size of the cells (0.6 » ).

MASSEY AGRICULTURAL COLI

ELEGE

Y PALMERSTCN NORTH, N.Z
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Characters of Orgenisms isolated from

Streptococed.

A number of streptococei were isolated and
studied fully. All were found to be identical with the
starter organism in morphologicel, cultural and biochemicel
characters. The suger fermentation and acid and volstile

acid results of one of the cultures are given below,

Acid produced: 0.64 per cent.
Volatile acid produced: o.017 " "
Percentage vol, A/A: By . %

Fermentation of Sugsrs:
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At firet it was intended to differentiate the
lectobacilli found in the cheese into various species :
according to morphology and colony charactepristics. This
however, was found to be impossible for there was a decided
incenstancy in the morphologicsl charscters of the bacilli,
Further, in the sbsence of important data such as the type
of lactic acid produced and the smount of' soluble and
smino nitrogen formed in milk it was not possible to seper-
ate the orgenisms into species depending on their blo-
chemical cherscteristics., All that can be seid of the
cheese lactobecilli, therefore, is that they sll belonged
to the genus Streptobacterium [Orla-Jensen 1919). Thie
¢clessification was mede on the basie of the optimum growth
temperature which was lower than that of the Thermobscterias
and on the fermentetion of salicin and sbsence of ges
production which differentiasted them from the Retabacteria.
The results for each cheese will now be reviewed in detail.
Cheese I.

The pasteurised milk used in the manufacture of
this group of cheeses gave & count of 29 to 92 bacteria
per cubic centimetre, approximetely 20% of which were
"Yellow" and 20% were "White” micrococei, After two days
the flora of the cheese was composed of streptococei
together with leas than 1% of "White"” micrococei  Af'ter
nine days lsctobscilli were present to the extent of 15%,
This obuervation waa confirmed by the inecreese in the total
and volatile ecid figures in the milk culture of the cheese
emuleion made at this time, for it was afterwards found
that most of the lactobacilli present in the cheeses gave
high volatile acid figures, thth?iio streptococel gave low
figures, fhe streptococei still predomineted in the
cheese ond only one colony of micrococel wes found., After
16 days "White" micrococei still persisted in very smell
nusbers while lactobscilli constituted 70% of the flora,
an apparently very rapid increase.
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It should, however, be borne in mind that the
streptococel at this period were dying and that the total
number of colonies wes diminishing. This factor accounted
partly for the incresse in percentage of lectobacilli.

In 811 the experiments it was found thet the numbers of
colonies on the plates decreased progressively during the
first two or three weeks safter the msnufscture of the cheese.
Therealter the numbers incressed steadily throughout the
period of examination (2} months). The method of enumerat-
ing colonies by smearing loopfuls on plates is of course
somewhat rough, but it is an sdaptation of the Burri methed
which seems to have proved sastisfactory in some investiga-
tions.

Af'ter one month the flors consisted entirely of
lactobacilli. This group of cheeees thus showed the most
ropid dissppearance of the streptococel which wss observed
during the work. The incresse in the proportion of lacto-
bacilli was corroborated st each stage by an increase in
total acid snd volatile scid figures in milk cultures made
from the cheese emulsion.

After two months the flora still consisted entirely
of lectobacilli and the total snd volatile escid production

in the milk culture showed & {urther increase,
The sugar Termentastions given by the cheese onu1~'

gione are given in Table XIX, Sugers were not sown from
the earlier emulsions, but it will be noticed thst the
organiems in the 1% dsy emulsion fermented saccharose and

salicin resdily and sorbite and mannite more slowly. Later
emulsions from this group of cheeses gave a more rapid

fermentation of sorbite and mannite. It will be resmembered
thet the original starter orgaenism wss unsble to asttack
sorbite, mannite, saccharose snd saliein. If therefore the
presence of micrococei is neglected (only one colony wes
found on the plates) the sugsar fermentations mey be taken
as indicating the presence and gradual multiplication of
lactobacilli, It was found, in fect, that the sugsr re-
actions of the lactobeeilll isolated {rom this cheese in
pure culture accounted for the fermentation of all the
sugars excent sorbite,

Two verieties of lactobmeilli (A end B) were
iscolated and their charscteristics studied in detail. The
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results are given in Table XXIV. Both the organisms were
classifled as Streptobacteria.

Orgenism A fermented saccharose, meltose, lnetboo.
mennite and salicin as well os all the hexoses, Of the
four hexoses, gelactose wes the lesst readily fermented.
This letter fact applies to all the lactic acld bacteris
tested snd is in agreement with Orla-Jensen's observation
(1949) thet of the four hexosees, galsctose is, ss a rule,
the least fermented by the lactic scid bacteriasa. Organism
A was the highest volatile acid producer isolated. Its
total acid production in milk wes slso rapid and compara-
tively high. Organiem A 1s probably identical with orgenism
H isolated Irom Cheese III,

Orgeniss B fermented dextrin and starch only
slowly and almost feiled to atteck ssccharose. Il was not
80 aétlvo en scid producer in milk .éd took six days at
30°9C. to form & clot., Its volatile acid production was
comparetively low.

The only discrepancy to be observed when the
fermentation resctions of organisms A and B are compared
with the reactions of the cheese emulsion is in the matter
of sorbite. This may be due to failure to isolste some
"sorbite fermenting organiesm or to 8 symblotic fermentation
of sorbite by the mixture of orgaﬁiuua in the cheese emulsion,
The ormer explanation would seem the more probsble since
in all the other groups of cheese sorbite-fermenting
lectobaeilli were found. |
Cheese 11.

. The pasteurised milk used in the manufscture of
this group of cheeses contained from 3 to 5§ organisms per
cubie centimetre consisting of spproximately 37% of
"Yellow" micrococei, 384 of “"White" micrococci, snd 25%
of Bacterium X,

After two dmys the Clors of the cheese was composed
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of streptococei 35X end "¥hite” micrococei 5%, After six
days lasctobacilli were present to the extent of 20%. The
micrococei haed diseppeared, the remaining 804 being strepto-
cocei. The total and volatile acid figures of the milk
culture showed an increase. After 1€ days lactobaeilldl
constituted 90% of the flore and there was & coincident
increase in the volatile acid figure of the milk culture.
After 14 monthe the flors consisted solely of lactobacilli
end the voldtilu acid production in the milk culture reached
C.115%.

Another cheese of the same group examined when
2 months old gave 15 of streptococel but at 2§ months no
streptococel were found in the seme cheese.

Although Bscterium X was present in the pasteurised
milk it was never isolated from any of the cheeses of this
group or indeed from any cheese whatever made during the
course of the work. This is not altogether surprising when
the cheracteristics of the organism are considered (Table
XIV)., It grew very poorly in milk and sometimes failed
to grow altogether. Even at 22°C. its growth was very slow
7(1ts'optinnn tempersture was 30 - 37°C.). so that st 15.5°O..
the ripening temperature of the cheese, growth in the not
very {avourable uéaiun would probably feil very soon.

The sugar fermentations of the cheese emulsions
snd the totsl end volatile acid production in milk cultures
of the cheese emulsions, sgain fitted in with the gradusl
rise in numbers of lactobscilli.

Four strains of lactobseilli O, D, E and F were
isolated snd studied in detail. Orgenism C was character-
ized by ite fermentation of sorbite smd by high seid' and
volatile mcid production in milk. It was probably identi-
cal with orgenism G isolated from Cheese III.

Orgenism D differed marked!y from all the other
lactobacilli which were isolated. It was cherscterized
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by the nature of its colony on casein sger, its morphology
in milk cultures, ite fermentstion of inmulin end its low
volatile acid production. It was the most sctive total
acid producer of ell the lsctobacilli, It preferred

maltose and lectose and attmcked saccharose only slowly.

Orgenism B clotted milk only after 8 days at
3090, or 21 days at 2290, Ite volatile scid production
was relatively high. The organism showed = preference
for saccharose and maltose and fermented lactose only
slowly. It d4id not attack sorbite.

Orgeanism F was characterized by repid fermente-
tion of lactose, slow fermentation of mnltose and refusal
to atteck seccharose. It was & high acid producer but
formed only small amounte of voletile scid.

It will be observed that the earlier checse
emuleions fermented ral’f'inose, dextrin snd starch, wheress
no orgenisme capable of fermenting these sugers were ever
isolated. No bacteris, however, were lsoclated until the
cheese wae 1§ months old., It appesrs probable therefore
that the organisms ¢apable of fermenting these three
sugars Gied out in the cheese or became 6o few in number
that they escuped observation.

Cheese 11I.

The pasteurised milk contsined epproximetely
458 orgsnisms per cubic centimetre consisting of 38%
“Yellow" micrococel, less than 1% "White" micrococei and
less than 1% Bacterium X.

Af'ter two days the cheese {lors consisted slmost
entirely of streptococei with lees than 1% of lactobseilldi.
The presence of the lesctobeeilli presumably aceounted for
the fermentation of mannite end saccheroee by the cheese
emulsion and the production of = large proportion of vole-
tile escid in the milk culture,

After 1i days the lsctobscilli had increased to
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10% of the total {lora and the total end volatile acid
production showed an increase. After one month the
flora consisted of 208 lactobacilli end 20% atrcptodocct.
#ierococci and Bacterium X were not found in any examina-
tion éf thie group of cheeass. The streptococel persisted
in grester numbers and presumably for a longer period than
in any of the other groups of cheeses. It i interesting
to note that in all the agrcups of cheese there is correla-
tion between the rate of disappearance of the streptococci
and the activity of the starter in the vat and also between
the rate of diseppearance and the moisture content of the
cheese.

The total end volatile seid figures and the
sugar fermentations corresponded with the presence and
gradual incremse of lactobacilli in the cheese. After
two days mannite and sacchsrose were fermented slowly
while the fermentetion of salicin was indicated. After
& daye the rate of fermentation of mannite and ssccharose
had incresased snd sorbite snd salicin were definitely
fermented.

| Two strains of lsctobacilli (G and H) were
isolated and studied in deteil. Roth of these straine
appear to be identicel with straine isolated f'rom Cheese
II -~ erganism O was identical with organiem C end orgenism
H with E.

The sugar {ermentations of the cheese emulsions
were completely eccounted for by the fermentations produced
by the organisme isolated,

The pasteurised milk contained spproximately
690 orgsnisms per cubic centimetre, consisting or 95%
"Yellow" micrococei snd 5% éwhitn" micrococel.

After two days the 'lora of the cheese consisted
of &0% streptococel, 2% "Ye!low" micrococei™ and 38% "White®
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micrococel meny of which developed a Isint tinge of
yellow. After six days 97% of stre;tococei, 27 of “"White"
end less than 1% of "Yellow" micrococel were found.

Aftor 16 deys lasctobacilli were present to the
extent of %0%. There was a coincident incresee in the
volatile acid figure in the milk culture,

Af'ter 1 month the lacpobaoilli constituted 90%
of the flora while efter 2} months lactobacilli were
present in pure culture.

This group of cheeses was the first made and
unfortunately the sugsr reactions were not carried out
until the cheese wae 24 months old., Only one culture, M,
was isolated. The organism was cheracterized by very slow
fermentation ér ralfinose.

Cheeee V.

This cheese wszs the lest made. It was not com~
pletely exesined because of lack of time and the results
are too meagre to be included in the Tables,

The pasteurised milk conteined 252 organisme
per cublic ceantimetre consisting of 70% "Yellow" and 304

“White" micrococel.
After 2 deye and after € days the flora of the

cheese consisted entirely of streptococcei.

Two pluge reaching to the centre of the cheese
were drswn at pointe on the circumference one-third the
height from either end and were placed in an air-tight
sample bottle., The plugs were rapidly ground to s paste
in a dry mortar, cut into small pleces by mesns of a
palette knife and trensferred immedistely to the sample
bottle. Analysis w‘c carried out immedistely. All

determinstions were done in duplicste. When unsatisfactory
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duplicates were obteined, the determinations were repested.
Moisture.

For the determination of moisture the vacuum
method of the New Zeslend Dairy Sclence Association was
employed.

The semple (3 or 5 grems) was sccurately weighed
into & lat-bottomed 50 ml. flask,. The upper portion of
the neck of the flask was csrefully wiped bhefore the
second weighing. The flask wee placed in @ steam oven
for 2 hours, & current of sir being blown through several
times during this period. It was then attached to &
vacuum pump and hested for « further 5 hours. The flask
was allowed to cool in e desiccator and welghed. The
percentsge moisture content wes calculeted from the loss
of welght and the weight of cheese taken.

Pat.

The semple (sbout 1.5 grems) wes accurately
weighed into an extrsction tube, Five c.ec. ol distilled
water, 10 ¢.¢. of concentrated hydrochloric acid and a
smell plece of tile were sdded. The tube was heated
gently over s sand-bath until all the cheese had dissolved,
producing a clear pink or liszht brown agueous layer. The
mixture was cooled and the f'at was extracted according
to the Verner-Bchmid procedure,

Total Nitrogen.

The percentage of totsl nitrogen wss determined
by the Kjeldshl method on & portion (ebout { grem) of the
prepared sample, mercurous iodide being used ss the csta-
lyst. The perceantage of protein was cslculated from the
total nitrogen content, using the fsctor 6,38,

From a weighing bottle the prepered sample
(about % grams) was weighed accurately into s clean dry

mortar. The mortar wes placed in & water-bath mesinteined
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at 60° C. By means of a pipette 25 c.c. of distilled
water at 60°C. were added and the cheese was ground very
thoroughly until complete mixing was obtsined, Another
25 c.c. of distilled water were added and the grinding
repeated, 50 e.¢. of water were added with further
grinding. The resultent mixture was filtered twice
through dry filter-paper and 20 c¢.¢. of the filtrate were
used ror sach Kjeldahl determination. The percentage
of total nitrogen present as soluble nitrogen was
¢calculated from the totsl nitrogen and soluble nitrogen
figures.
8alt.

The e2alt content was determined by the method
described by MoDowsll and Whelan (19%1).

An attempt wes made to follow by chemical
eannlysis the progress of ripening of the cheeses. Although
e more detalled analysis of the protein changes would
heve been desireble, an opportunity of doing this d4id not
present itself. The cheeses, when five days old, were
analysed Tor content of moiature, fat, salt, total
nitrogen snd soluble nitrogen. The percentage of protein,
the soluble nitrogen expressed =8 a percentage of the
total nitrogen, and the percentage of fat in the water-
free solids were c¢alculated from these figures.

Further estimatione of the soluble nitrogen and
total nitrogen contente of the cheese were carried out,
at periods of 19 days, %3 days, and 2 months after menu-
factare. Moisture, soluble nitrogen, and total nitrogen
determinations were agsin meds when the cheeses were £ or
& months old,

The results of the chemicel examinations are
presented in Tables XXIX to XXXIII. The soluble nitrogen/



*

60.

total nitrogen figures may be compared with figures for a
normal Chedder cheese (see end of Table XXIX).

The chemical composition of all groupe of cheeses
except Cheese IV is normsl in comparison with the aversge
composition of New Zeelsnd Cheddsr cheese. Cheese Iv,
however, wae not only prepsred from & milk with a high
casein/fat ratio (0.33) but wes also slightly overstirred
st renneting. If the figures for this cheese are neglected,
it will be séen thet the fat in the water-free solids
varied from 52.3 to 54.0 per cent. The percentage of
protein renged from 25.% to 26.4, while the percentage of
salt varied from 1.45 to 1,82,

Soluble Nitrogen.
| The relative sctivity of the starter in the
vats is evident from the manufscturing records cited in
Tables V to IX. It is obvious that the highest acidity
reached in the vat constitutes 2 relisble index of the
rate of acid development. For convenience the highest
vat acidities, snd the guentities of rennet used have
been included in the Tables of results of chemical anslysis.

The scluble nitrogen results show that the rote
of casein breakdown of all the groups of cheeses except
Cheese IV is normal, Cheese IV, however, displayed the
most rapid rete of increase in soluble nitrogen, due no
doubt to the large quantity of rennet used. It is also
evident that the rate of ceeein breskdown 1s determined
by the combined influence of the mctivity of the starter
in the vat and the guentity of rennet used.

It has been shown thet the atarter orgsnism was
nen-proteclytic. In spite of thies, comparstively mormal
rates of casein breskdown were obtalned. Furthermore,

with egual gquantities of rennet the rate of breskdown wes

Figures kindly suppiied by Dr. F.H WeDowsT
Institute (N.Z.) - - 1. Dairy Research
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greatly influenced by the activity of the sterter. There
ie, therefore, an indication that the more rapid rate of
cﬁoxn breekdown ususlly obtained with starters containing
a mixed flore is due to the high acidity produced rsther
then to the presence of proteoclytie tyﬁon.



per cent. per cent. mean,
Moisture 3454 34.95 34.8
Fat 34 .62 - 4.6
Fat w.~f, ab 53.1
Total nitrogen 3.96 4.0 3.99
Soluble nitrogen T3 O.h3 O3
Percentage Sol.N./total W. 10.8
Protein - 25.5
8alt 1.80 1.84 1,82

Anslysis st § months.
Molsture 29.99 30.08 30,0
Loss of moisture .8
Boluble Hitrogen Regults.
Cheese ! Age | Totel Ritrogen 3 Soluble Nitrogen cPorccntazc
L S ik Do e e G

1-15-111 5 days | 3.96 &.0% 3.99 g 043 Q.43 0.43 § 10.8
2-15-11119 i 3.35 3.95 3.9 3 o.7t ©.62 0,67 § 17.0
2-19-11133 * '§ 3.95 4.02 3,99 g 0:84 0,81 0.83 g 2.8
2-15-1112 mthe. | 5,01 5.01 4,01 § 1.11 1,12 1.12 | 27.9
5~15~11§8 . § .80 4.89 .05 ; 1.62 1.6% 1.63 % 33.6

Highest Vat Acidity: ©.62%.

Age
daye
”
“
“

non

5
19
33
Bl
& months

Rennet (f1.o0ze.per 1000 1bs. )i4.8

Percentage
80l.N, /total W.
G5 - 10,0
16,0 - 17.0
20,0 - 21.5
22 0 - 26,0
W.Q - 29.&

¢ Percentage of fst in the water-free solids.



per cent. per cent., mean,

Moisture 33.36 33.59 5%.5
Fat 35.1% 35.59 554
Fat w.~f, 8.° 53.2
Total nitrogen h.17 hott h.ih
Soluble nitrogen o.27 .52 0.50
Percentage sol.N./total N, 73
Protein 26,4
Salt | 1.58 1,60 1.59
Anslysis et 7§ months.
Moisture 28,86 28,83 26,8

Loss of molsture 4.7

Cheese | Age ! Totel Nitrogen | Soluble Nitrogen|Percentage

i

H .

L 1 _Pe
¥ 1]

-

,.,",!. '
1294111 5 days{ A7 ) At} 0.27 ) 030 | 7.3
g P11 ) ! 0.32) i
L]
a~29~:st19 a.yoi b.16 ; 4.2t ! 0.50 ; .50 | 11.9
' | %25 | { 0.50 i
¥
2-29-11145 amiu.m )  #.200 0.8% ) 0.8% | 20.0
i § :
3-29-11174 uthl.:smkﬂ ; boh3 5 1.5 ; 1.38 g 31,2

Highest Vat Acidity: 0.57%. Rennet (fl.ozs.per 1000 1lbs. ):h.5

®  Peprcentage of fat in the water~f'ree solids,



per cent. per cent., mean,

Moisture 35.30 35.33 35.3
Fat 35.04 77 4.2
Fat w.~f. 8.° ‘ 55,0
Total nitrogen 3.95 5.98 3.97
Soluble nitrogen .39 0.38 0.59
Percentage sol N/total N, 2.6
Protein 25.3%
Salt ¥ 147 143 1.45
Anelyeis st ¢ months.
Moisture 30,98 51:03 31.0
Loss of moisture ' 4.3

Cheese | Age itbﬁ:l Nitrogen y Soluble Nitrogen Percentege
4 b ’ ) Ais U bEL £ 8 ¢ l PO & G : 455 CX3 ETRL o i 3
1-10-1 | 5 days | 398 g 3,97 #f 0.3 ; 0.39 | 9.6
| o e 3
2-10-1 145 days | 3.98 g 3.98 i ©.98 ; 0.98 3 24,6
" j o5 ) |
3-10-1 16 mthe. | 4.21 ) 4218 1.33 ; 1.36 | 32.3
i i b2 ) g_ 1.39 i

Highest Vat Acidity: 0.75%. Rennet (fl.ozs.per 1000 1bs.): k.5

*Percentage of fat in the water-free solids.



per cent. per cent,
Holature 37 .80 37.69
Fat 20, 44 28,30
Fat w.~t, 8.°
Totel anitrogen .45 heb)
8oluble nitrogen 0.5% 0.56
Percentage sol N/total N,
Protein
Salt 1.5 1.30
Moisture 3.4 51,19

Loss of molsture

Ghooaos Age ; To
: e

1~1~1e; 5 days ; Y ; hobh §
: i b4 5

2~1-11§ 19 days ? 45 ) A5 4
| e

2-1-111 33 doys | 4.8 g b9 8
| L. P :

g-1-11] 2} mthe | 4.5k ; beBk i
| i he5h §

5+1-11) 8§ mths|{ 4.95 ) 596 §
x L e

Sttt gt s R S Smt? Sl v

1.08

1.2%
1.58

2.07

mean,
37.7
28,4
h5.9
b bk
0.56
12,4
26,3
1.34

'51.3
6.’

Percentage
801N totel |

s 12.4

23.6

27.8

34.8

1.7

Highest Vat Acidity: ©,80%,

* Percentage of fat in the water-free solids.

Rennet (fl.ozs.

per 1000 1be,)s: 7.6



per cent, per cent, nesn.
Hoisture 36,3, 36,39 36 .4
Fat . ’5&&9 g )}‘}
F‘t 't“tc ‘t. 5”'5
Total nitrogen .04 h.0% . 0%
Soluble nitrogen .53 0.53 0.53
Percentage sol.N/totsl N. 13,1
Protein 25.8
8alt 1.69 1.69 1,69
Anslysis et 5§ months.
Moisture 33.43 53.533 23eb
Loss of moisture 5.0
Cheese ! Age ! Total Hitrogen g_&olublo ﬂitrogon{?ureqntuso
i 3 e EILA B g AL SAE WAL G 1k . iRl 4 o 88/ LOLEL §
T ¥ 2 I i '
4-31-1 1 9 daye | 4.0 ] o8 i 0.5 ) ©.53 P13
! ; §.0% 8 ©.53 :
1-31-1 | 24 deys | 3.98 ; 3,01 B ©.73 3 0.83 | 20.7
Ieit-1 ) 54 nthn.i .20 ; .18 8ov.a7 ; .27 & 30.4

Highest Vat Acidity: 0.84%. Rennet (fl.ozs.per 1000 1lbs,.): k.7.

sPepcentage of fat in the water-free solids.



The cheeses were examined by two experienced
graders sfter 16 days, 1 month, 2 months, 3 menths, 5 to
¢ months and in some cases & months, Perticular attention
wes peid to flavour, body and texture. The results are
summerized in Table XXXIV. As soon ss the final examina-
tions hed been mede esch cheese was cut in two and the
cut surface photogiqynaa in order to obtain a permsnent
record of the texture. The cut cheeses were sllowed to
gtand at room tempereture for two deye efter which time
the cut surfeces were again photographed. The most
gigniricant feature to be observed wos the comparatively
slose texture of all the cheeses. The malin points of
ench group of cheeses as disclosed by the grading examine-
tions are considered below.

Cheese 1.

Two distinet rluvcurs'wora noticed in cheeses of
this group. PFiretly, there was a "caramel™ or "cooked"
flavour which was detected at seversl of the grading
examinations. This {lavour may have been due to the
rather high temperature of pasteurisation (1%50°F (65.5°0.)
for 30 minutes.) Secondly, = pocﬁltar "cowy" or "animal-
like" odour was evident on seversl occesions. Thie flevour
had been noticed in the vat during ithe manulfscturing
procese and it persisted in the cheese even after 8 months
although it was not detected st every examination, None
of the cheeses in the group ever developed the charscter-
istic Cheddsr flavour.

The rate of ripening ss determined by the "body"
of the cheese was slow during the first fortnight after
msnui'acture but therealfter was considered normal. The
cheese was slightly “sweet"® 68 was 1o be expected from
the lack of asctivity o: the starter during the process
of menufacture. |
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The texture of the cheese as disclosed by the
plugs drawn at various times wes very "cloee." When
cheese No. 5 of the group was cut in two st en sge of B
months three “"sweet-holes" were observed. A bacteriolog-
icel exsemination wes made but no organisme except lscto-
baeilll could be detected. No yessts had ever been found
in the cheeses. The cause of the holes is therefore
obscure.

Cheese I1I.

' Only on one occesion during exeminations of this
~ group of cheeses wes & “cearamel” flavour detected, The
pesteurisation temperature had been noniwhut lower in this
experiment (147°F. (63.9°C. ) for 30 minutes). Although
the “wowy" flevour had been observed during menufacture
it was evidently not so merked in the cheese ag it wae in
the previous experiment, for it was only noticed by the
greders on two occesions. On one occasion only, when the
cheese was % monthe o0ld & slight Cheddar {lavour was
detected.

The rate of ripening ass determined by “body" was
more reapid than Cheeese I during the {irst fortnight and
therealter rather slower. The chemical results, however,
showed that Cheese II was slower in ripening then Cheese
I throughout the whole period.

The cheese was somewhat “sweet" but very close
in texture.

Cheese IIX.

The milk used in this experiment had been
pasteuriced at 145°F, (62.8°9C.) for 30 mins. A slight
"gooked"” or "carsmel' flavour was detected in the cheese
gt 16 days but it eubsequently disappearsd. During a
lster pcrtbﬂ in the ripening process a bitter flavour
developed but this also tended to disappear as the cheese

became older. On one or two occesions the graders



69.
detected & lavour which they describved se "phenol”
fiavour in the cheese. No disinfectant except a hypo~
¢hlorite solution hed been used during the proceas of }
manufacture so that there was no poesibility that phenol
or any phenol derivative had been incorporated in the
curd. It 48 well known that some spore-forming organisms
are capabli of producing p-cresol or phenol in milk, but
no azallnr'orgunisna had been isolated in the present case,
It ie most probable therefore that the lavour was not
actually due to phenol but merely bore some resemblance
to it.

The most signilicent feature in these cheese
was the development of a Cheddar flavour which was quite
distinet af'ter & months.

The rate of ripening as judged by the "body"
was normal.

The texture wes very close on the whole but one
or two "eweet™ holes were revealed when the cheese was cut
in two. Agsin 1t wes difficult to account for these
apparent gas holes for no orgenisms capnbio of Corming
gas in these gquantities hed been found in the cheese.
Chegse IV,

The wilk used in this experiment had been past-
eurised at 145°F. (£2.8%C.) for %0 minutes. A “cooked"
or "scorched" flavour was noticed in the cheese practically
throughout the whole period dt grading, A bitter {lavour
was also present at one stsge of the ripening period but
it tended to disappear.

No development of Cheddsr flavour was noticed
until the cheese wes 5} months old.

The rete of ripening as jJudged by the "body"
was anormal,

The cheese wes inclined to be sweet snd its

texture was very close,
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Cheese V.

The wilk used in this experiment had been
pasteurised at 145%7, (62.8°C.) for 30 minutes. No trace
of "cooked" or "caramel" Ilsvour was detected in the
cheese, Again, & bitter flevour was present during one
stage of the ripening process but.aaanppcarea a8 the
cheese grew older.

A slight Chedder flavour developed in the cheese.

The rete of ripening wes normal ss judged by the
body.

The texture was close at first but & few "slit"

openings developed lster.



M&l 1“"!&"“&

Flavouyr

Body

Texture

Colour

#lavour

Body

Texture

Colour

Cheese: 2-15-11.

Flavour

Body
Texture

: ke e .

¥lavour
Body
Texture

Colour

Tender;

Cheege I.

¢lean; cheracteristic flavour as
noted in curd during msnuf'scture.
No Cheddar flasvour.

Cupdy; very little breskdown;
slightly "fatty."”

A few s8lit openings; no mechanical

openness,

High colour; perhaps indicating
insufficient scid.

Age: 1 month.
Btroag "ceramel” {lavour.

Breaking down well; a little crumbly;
not "fatty."

Very close; elightly merbled.

Somewhat ember in colour; sappears
to be slightly "sweet.”
Age: 2 months,

Clesn; very feint “cooked" flavour.
Ho Cheddar flavour.

Very good body;

Very close.

ripening well.

Age: 3_months.
Poor flavour; rather “strong.”
& little "doughy."
Close.

Highly coloured.

Age: 5& months.
"Unclean," %o Cheddar flsvour.
Bmooth.,

tinmerous "aweet-holes,"
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TABLE XXXIV (Continued)

Cheese: 5-15-11. Age: © months.

Flavour "Cearamel" combined with distinct
"animal” flavour. No Cheddar Ilavour,

Body A little pasty.

Texture Cut surface showing three "sweet-holes.
Close.

Colour Too yellow; "sweet-like."

CHEESE II.

Cheese: 1-23-11. 1 gdrie.

Plavour Clesn curdy flavour. HNHo Cheddar
flavour.

Body Apparently & little "dry." Breaskdown
fair; much better then Cheese I st
same age,

Texture Very close; slightly marbled,

Colour A little too highly coloured.

Cheese: 2-23-11. Age: 1 month.

Flavour Curdy; not cheesy.

Body Gritty and tough.

Texture Very close.

3 3-29- Age: 2% months.

Plavour 8light "enimal" flevour. No Cheddar
flavour,

Body Curdy, short; Ilacking sufficient acid.

Texture: Close; a number of “"sweet-holes."

Colour "Sweet" amber colour,

Flavour Trace of Cheddsr [lavour.

Body Harsh,

Texture Close,
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TABLE XXXIV_~ (Continued)

Cheese: 5-29-~11.

Plavour

Body

Texture

Cheese: 1-:10-1.

Flavour

Body
Texture

Colour

fheese: 2-10-1.
Flsvour
Body

Texture

Chesse: 2-10-1.
Flavour

Body

Texture

m’!g! }?19‘1 »

Flavour

Body

Texture

Colour

Age: 74 months.

"Animal," with slight "cearamel"
flavour.
Normal; @ little “"sandy."

Cut surfsce showing two swmall
mechenical holes; otherwise very

close,
Cheese I111.
Age: 16 days.
Cardy. Ho Cheddar flavour. Semblance

of “cooked” flavour;
of "phenol®™ flavour.

slso semblance

Very good, Bresking down normally.
Close. One slit opening.

Hormal.

Age: 1 wmonth,
Bitter. Also Cheddar flavour.
Very "nice" body.

Very close.

Very bitter.
Sticky.

Two very smell slit openings.

Age: & wonths.

Pistincet Cheddar flasvour, Also
slightly bitter; slight “phenol”
flavour.
8lightly sticky. Well broken down.
Cut surface showing & number of slit
openings. "3lits" with characteristic

direction of this type of openness.
Aleo two smell “sweet-holes." .

Normel.
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TABLE XXXIV (Continued)
Cheese IV.
Cheese: 1-1-11. Age: 16 dage.
Flavour Clean; insipid. No Cheddar flavour.
Body "Leanish,” probably due to low fat-
content. Bresking down normally.
Texture Very close; slightly marbdbled.
¥lavour Slight "cooked" odour; Dbitter flavour,
perhaps due to tempersture of
pesteurisation.
Body Good; = little sandy.
Texture Close,
Cheese: 2-1-11, Age: 23 months.
Flavour "Cooked" flavour end odour; very
bitter.
Body Pesty and sandy. Well broken down.
Texture Very close,
=it Age: 3§ months.
Flavour Very bitter.
Body Pasty and weak,
Texture Very close. B8lightly "sweet,"
=1-11. Age: & months.
#lavour 8corched. Ho Cheddar {lavour.
Body Pesty and sandy,
Texture Close; one small slit opening.
$ 3~i=11. Age: 8} months,
Flavour The Cheddar flavour now developing.
8light “ceramel" {lavour. BRitterness
disappearing rapidly.
Body Pasty and sandy.
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TABLE XXXIV. (Continued)

Texture Cut surface close; sppearance sandy.
The "break" is Cheshire rsther then
Cheddar.

Colour Too yellow; “sweet-like."
Cheese V.

Cheege: 1-31-1. Age: 16 deys.

Flavour Normel Cheddar flavour. Also trace of

: “"phenol" flavour.

Body A little tender. Breaking down
normally,

Texture Very close.

Colour Normal.

Chesse: 2-31-1. Age: 3 months.

Flavour Very bitter.

Body Very nice body.

Texture Close.

Cheese: 3-51-1. Age: %% months.

¥lavour Clean seid flavour with semblance of

Cheddar flevour, Chedder "bouguet"
lecking. 8light bitterness.

Body Very good body. Normal breskdown.
Texture Cut surfaece showing four slit openings.

Colour Normal,



With the object of elsborating a technique
whereby the effect of any given orgenism sdded ss » sterter
could be determined, an attempt wae made to manufacture
Cheddar cheese under conditions in which extraneous
organisms could be excluded as fer us possible, The
bacteriological flora of the milk was reduced to s minimum
and there was good reason for supposing that the greater
portion of the small number of bacteris present ceme from
the udder, A starter consiating of a single strain of
lactic streptococei was used, The organisms found in the
cheese immediately after manufacture were exclusively
those udder types present originslly in the milk,together
with the sterter strain. As the ripening progressed,
these organisme disappesred and there wae & comparatively
repid development of lactobacilli. The preasence of the
latter can be accounted for only in two ways:

{a) Contamination during msnufacture.
(b) The presence of lactobscilli in the original
milk in euch small numbers that they remained
' undetected,
It is considered thet the lstter explanation is the more
likely.

The milk used in the manufacture of the cheese
waes ase tically drawn and was pasteurised by the holding
method. Only two groupe of bacteria were found in both
the raw and psgteurised milk seamples, nsmely, micrococel
and rods relsted to Bacterium lipolyticus (Bvene!, The
micrococel were undoubtedly predominent, They comprised
from 95 to 100 per cent. of the flors of the raw milk
samples and f'rom 7% to 100 per cent. of the {lora of the
pesteurised milk samples, They were found in smell numbers

during the early stages of ripening of some of the cheeses,
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the "White" type grestly outnumbering the "Yellow, ™
Apperently they were unable to multiply in the cheese for
they repidly died out.

The rods releted to Bascterium lipolyticus
(Evans) were sble to withstend the pssteurisation temper-
' atures used. They were, however, never iecolated from any
of the cheeses. It was concluded that they had little or
no influence on the ripening process.

No streptococei were found in the raw and the
pasteurised milk samples. The sterter orgenism (Sc.cremoris)
wae present in lerge numbers immedistely after manufacture
but it repidly died out. The rate of disappesrence was
correlated with the activity of the sterter in the vat
and the moisture content of the cheese.

The most significant baecteriological festure was
the sppearance and repid development of lactobacilli in
all of the cheeses, No lectobacilli were found in one
¢.¢, of the raw and pasteurised milk samples. There was
little likelihood of contamination during manufacture,

It wes therefore concluded that lactobacilli were present
in the milk to the extent of losa'thun one per ¢.¢, and
that they were asble to multiply rapidly in the cheese.
411 the lsctobacilli were members of the genus Strepto-
bacterium (Orla~Jensen).

The chenicsl composition of the cheeses wae
normel in comparison with the average composition of New
Zealand Cheddar cheese. Although the starter orgenism
was non-proteolytic, the rate of casein breaskdown as
judged by the soluble nitrogen content was normel,

The charscteristic Cheddsr flavour failed to

develop to any extent in any of the cheeses.
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