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CLARIFICATION OF HILK FOR

AMERICAN CHEDDAR CHEXSE

INTRODUCTIONR

The present yearly production of cheddax
cheese in the worid is spproximately 660,000,000 pounds.
On the basis of ten gnd g half pounds of milk for s
pound of cheese, the amount of milk used 1s, therefore,
€,833,000,000 pounds. The yearly production of cheddar
cheese in the United 3States is about 300,000,000
pounds, which is 45 percent of the worldts production,
and 3,150,000,000 pounds of milk are required for this
amount. Assuming the average wholesale price of cheese
as 22 cents a2 pound, the yesrly value of the chedder
cheese made in this country is £66,000,000.

The activity of certain microorganisms is
essential for the ripening of cheddar cheese, and
accordingly conditions of manufacturing and curing
favorable for their introduction and growth must be

provided. These organisms should be present in the milk

at the beginning of the manufacturing process, since

in their sbsence at this stage certain undesirsble types

LR
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of bacteriz, which may already be present, will probably
develop and cause objectionable conditions. Abnormal
odors and flavors are among the common defects in
cheese due to microgrganisms, while e pasty bedy end 2
mealy texture may also be caused by them.

Starters cohtaining bacteria desirable for

the ripening of cheese of the cheddar t e have been
L)

{

v

used for many years in sn sttempt to control the

fermentations occurring. Oftentimes, however, a
starter may not have the desirable effect because of
the sctivity of undesirable organisms that are already
rresent in the milk and which find the conditions
provided favoreble for their growth.

Pasteurization of milk is being used sucecess-
fully in some Toreign countries in the control of the
fermentations brought sbout by bacteriz in cheese. AL
present, pasteurization is being introduced in the
United States, but raw milk is used for wmost of the
cheese that is made.

The blending and processing of cheese has
bzen used with success in this country during recent

vears in the production of a more uniform and more

easily marketable cheese.

VNS S b ekl e € e
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STATEMENT OF THE PROBLEM

The magnitude of the industry warrants the
introduction of improved methods of manufachture, and
it was for The purpose of determining the effect of
clarification on the quality of cheddar cheese that
the work reported herein was undertaken.

| The studies were divided into two parts.

The first deals with the effect of clarification on the
numbers and types of bacteriaz rresent in milk and was
carried out with the idea of determining whether or
not the effect of clarificztion on the bacteria in milk
is such as to suggest an influence on the quality of
cheese obtsined from the milk. The second involves the
ma

milk from the same lot.

The work has been conducted for several years.

Part of the cheese was made in TUtgh and part of it in
Iowa. It has, therefore, been possible to study the

ePfect of clarification under Sifferent conditions.

PART

S

The Effect of Clarification on the
Bacterias in Hilk

3]

he numbers and types of bacieria

(]
ot

"Sinec

present in milk may show considerable variation, an

king and study of cheese from unclarvified and clarified

T N B e Bk Y R e e e




extended study of the effect of clarification on the
flora of milk was undertaiten. The investigation in-
volved determinations of the effect of clarificstion

on the numbers and types of bacteria in milk using a
normal and a tenth-normel rate of inflow:; these were
intended to show whether or not the clarifier had a
selective action on the organisms. A study of the types
of bacteria in clarifier siime and in the sediment
obtained from milk which had been centrifuged in tubes
was also included. Becsuse of their use in cheese
factories in determining the quality of milk, the
methylene blue reduction test and thes fermentatlon test
were compared with the plate count from the standpoint
of showing the changes caused by clarification. A study
was made of the size and specific gravity of the
organisms which seemed to be elimimateé by the clarifier

and an attempt made to ¢lassify them.

Historicsal

Attempts to remove the foreign méterial which
gains entrance to the milk during its production and
nandling are made by mezns of various mechanical devices.
The producer usually employs the more simple of these
such as wire screens or cotton cloths, while in the milk

plants the more efficient forms such as filters znd

5 e g 4 e e e e 1 e
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centrifugal clarifiers are used. CUreem separators with

the outlets so arranged that the creem and skim milk
were mixed were first used for clesning mill, while

later specially consiructed machines. such as clsrifiers,

were developed. The slime which is removed from milk

by means of cemtrifugel Force has been investigated a
great deal with the obJect of determining the effect of
the centrifugal force in a separator or clerifier on
the nmunbers and types of bacteria present in the milk,
Doane {8), in discussing the economical
ﬁethods for improving the keeping gualities of milk,
states that it is doubtful who Tiprst used the separabor
for purifying milk, but that it is natural it should be
used for this purpose since znyone wno hes washed a

iced The layer of matter that gathers

}-h

serarator has not
on the inside of the stesl bowl. He concluded
some of his investigations, "that there is no doubt

tut that the separator removes the greater part of the
dirt ffom,milk, On the other hand celarifying is value-

less as a precaution against disesse, ané evidently has

a tendency to casuse the milk to sour more read

je
[ad
(]
S
Y]
3

-y

when not so treated.” He points out that milk which
has been purified by the centrifuzal methods was

frequently called "elarified."




Grotenfelt (16) in studying the effect of
centrifugal force on the nwsbers of bacteria in milk,
Tound that in seven lots of milk centrifuging always
resulted in dacreases in the bacterial count. The counts
on the ﬁnseparated milk renged from 1,030 to 18,180,
those on the skim niik from 220 to 11,025, and of the
crean {rom 200 to 13,200 per cc. while those of the
separator slime rénged from 150,000 to 4,241,000 per cc.

Hinkelmann (21) reported that from milk which
had been inocculated with bonillon cultures of various
organisms he wss able to remove with a Delaval clarifier
from 57 to 96 percent, with an average of 78 percens.

He believed that small or gram-positive organisms were
of a greater density than the ordinary millk bacteria.

Dunbar and Rister (10), in working with a
Heine clesning centrifuge of the hollow bowl type in
which there was a filter cloth, found that the running
of miik through the machine caused no particular changes
in the milk, a2s shown by the specific gravity and solids
not fat content of the milk before and after 1t had been
cleaned. They Pfound many bhacteria in the slime, but
Pheir conclusions indicate that the chief funciion of

-
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foreign matter.

FPleischmann (15) gquotes Hueppe who asserts
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that "most of the ovrganisms, and among these the most
dangerous ones, vemaln behind in the separstor residue,"
but Fleischmann doubﬁ that centrifuging has this effect.
i Among the first to study the effect of centri-
Tugralization of milk upon the nurber of bacteria present

were Bekles and Rarmes (11). In each of seven experiments

they found that. in running milk through a separator, the
¥ ,

mills contained from 15 to 51 percent fewer organisms
after centrifuging then before. They alsc found thot

when serarating milk an average of "28 percent of the
total number of orgaenisms went intc the skim milk, 24

percent into the cream, and

slime."
Bahlimen (3) in eight tests found that the un~
clarified milk aversged 1,312,000, and the clarified

cent and averaged 27 percent. ¥Te states that the in-
creases were due Lo the breaking epart of bacterial clumps

by the mechanical sction of the clarifier.

Fh

e effect o

ct
b

Yc”lln ek {30} studied

-~ v
k/....&

clarificetion/the number of bacteris in milk in 59 trials
in city pls nts using three different types of clgrifiers.

The unclarifzed milk contained from 54,000 to 2,650,000

R LS ot o £ A S5 e
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becteria por ce. snd the clarified milk from 36,000 to
12,000,000. Sometimes clerification caused an increase
snd sometimes a decrease in the count, but incresses
occurred in only three trials. ¥eGlinteck (31) slso
clerified sterile milk which had been inoculated with
lactic gcid bacteris or with pathogenic organisms.
Clarification resulted in = decrease of from 15.3 to

18.1 percent in the number of a2cid formers and of from
95.8 to 99 percent in the pathogenic organisms.

Hammer (17) in working with a Delaval clarifier
found thaft the plate counts of the clarified milk were
cormonly, although not constantly, higher than those
of the unclarified milk. Since the clarifier slime which
he examined contained large numbers of bacteria, and
contamination of the milk was excluded, he accounts for
the increese in the counts as a result of clarification
by the breeking wip of clumps of organisms due ©o
centrifuging. This investigator is of the opinion that
Uwhether there will be an increase of a2 decrease in the
apparent number of organisms during clarification
probebly depends on the types of organisms and on the
presence of clumps.” Working with & Sharples clarifier,

Hammer {(18) later obtained results which were in the

s 2 o e la Ea 12 2o -
mzin compersble to the earlisr dzta,




MeInerney (32) studied the effect of
clarification on high and low cowmt milk. In 28 lots
of low count milk, the unclarified milk contained an
average of 8,410, and the clarified milk 15,739 bacteria
per cc. the increases in the counts due to clarification
varied from 1.76 to 415.1 percent and averaged 87.15
percent. In 17 lots of high count milk the unclarified
ﬁilk contained an average of 9,778,191, and the clarified
milk 21,000,694 bacteria per cc. while the increases
due to clarification ranged from 5.82 %o 1574.7, and
averaged 114.77 percent.

Then studying the production of sanitary milk,
Sherman {38) in 15 tests found that unclarified milk
contained an everage of 3,640 and éla?ified milk an
average of 7,020 hacteria per ctc.; in four tests the
methylene blue test showed a quicker reduction with the
clarified milk. In continuing his work he (39) lzter
found that in 24 tests the average bacterial count of
unclarified milk was 4,720 snd of clarified milk 7,120
ver cc. In eight tests the wnclarified milk reduced
methylene blue, on an average, in 15.5 hours, while
the clarified milk reduced it in 17.9 hours.

Marshall and Hood {27) found that ¥
milk, the nunber of organisms is usuglly increased

after clarification, as revezled by the plating method.
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This is doubtless due to &isruption of colonies."™ They
alsc observed, that the clarifier was atle to eliminste
bacteria in "no small degree, but ne differentiation
between pathogens and mon-pathogens can be msde.”

In a lster article Yarshall snd Heood (28)
report that the clerifier had effected eliminations of
from 24 to 99 percent of bacterisz frowm milk, the large
organisms and colonies of organisms being removed most
readily. Pure cultures of bascteria were used in this
WOTK.

Dahliberg snd ¥arquardt {(8) in their rerort on
the effect of clarific=tiorn on the bacterizsl content of
milk summafize as Pollows: “With one exception the

» -

official pliate count was dseressed inm milk with a2 couxnt

1L &

elow 100,000 per cc. bub there was a tendency to in-

o

crease the count of milk with more than 100,000 zs a
result of clarification. A decrease in the size of
bacterial clumps in clarified milk of low count was shown

-

oy 51rect microscopic examination.”

Troum snd Eart {(41) found that milk which had
been naturall& infected withbtube?cle beaeilli, after
having been clarified in & large milk plant, caused
tuberculosis in guinea pigs which were inoculated with 1it.

Marpman (26) reports the tubercle organisms

to be of zbout the same specific gravity as normal milk,
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varying from 1.018 bto 1.046.

Moore (33} artificially infected milk with
tutercle bacilli from glycerol bouillon and blood serum
cultures at the rate of seven cc. to 40600 cc. of miik,
and found that after running this through a hand
separator the skim milk =nd cream both caused
tuberculiosis when inoculabted into guinea pigs. He
repeated the experiment with other pathogenic organisms

and found the bacteria in the skimx miik,
Methodlds

IThe milk used for the bacterlological work was

-~

Towa “tate

cr

haot received by the Dailry Depsrtment of the
College. TXo attempu was made to select any of the milk,
but in &1l cases that which was studled represented the
general milk supply. Care was slways taken to sfteam 21l
parts of the egquipment with which the milk was to come
in contact; The milk was well agitated in o 100-gallon
coll wat before clarification asnd was then pumped
through 2 short line of sanitary pipe t~ the clarifier,
4 Delaval Ho. 105 clarifier was used throughout the
experiments. The clarified milk samples were taken
after at Ieast ten gallons of milk had run through the

clarifier with the idea of reducing possible contamina-

tion from the pump ipe, or clarifier, and slso to be
samp , s

et et ks con et e =

et S & b i et

e g n et s 01
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sure that the clarifier was working normally. The

T

samples of milk were transferred to sterile tubes by
means of sterile pipettes. ‘henever the samtles were to
be held for someiimwe, they were placed in ice water as
soon as collected o prevent multiriicotion of the

beecteria. Various clarification btemperatures were used

curing the eariier yarts of the Investigational work in

therefore, decided bto clarify the milk at the temperstures
2t which it was received, which were generally about

O

«}e Ordinsrily, the clariflier was

P[]

-
oo

f=t

N

L ]

Q0
o

Q

s

Paal}

operated 2t g normali capecity, but in a mumber of trials

bre ?éte of inflow was reduced to abouf one~tenth normael,
In the preparaetion of the clarifier siime for

plating, & representative samplie was taken frox the

thoronghly triturated

with sterilie weater until it formed a homogeneous Yisacous

materiel., A small amount of this was then transferred
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to a water blank and plates poured after the proper di-

. lutions had been made.

Beef infusion sgar, contalning 1.5 per cent
shred agar and 0.5 per cent peptone, adjusted to a reac-
tion of plus 1,0 Fullert?s scale, was used for all the
counts. This mediuwm was chosen because it was desired to
use one which would be most favorable for the growth of
the kacteria in the milk, Dmplicate plates were prepared
which were incubated at 37  C. ($8.6° F.} for two days.

In the study of the types of bacteria present
in wnclarified and clarified milk and in the slime 50
contiguous colonies from representative areas on the plates
were picked into sterile litmus milk. These culbures
were keopt at room-temperature for ten days, and then
classified into the following groups: acid coagulators,
acié non~coaguiators, inert, alikall producers, and neubrai,
alkali, and scid peptonizers.

The method used for the methylene blue reduc~-
tion test was that recommended in the Standard Mebhods
of Milk Analysis (4th edition) published by the American
Public Health Association. The samples used for the
methylene blue test were also used for the fermentation
test; the tubes were kept for six days at room temperabure

for observations on the character of the fermentations

I

occurring,

e LA A e fedin i e e e
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Results Obtained

1. Influence of clarification orn the number of

bacteria in milk,
In the study of the influence of clarification

on the number of bacteria in milk 43 comparisons of un~
clarified and clarified milk were made using the plate
method. Table 1 gives the bacterial counts obtained and
the perceniage chenge in nmumbers due to clegrifieation.
The counts on the unelarified milk ranged from 15,300 to
1,240,000 per ce. Clarification caused an increase in
the bacterigl count in 20 trials and s decrease in 23.
The increases in the counbs varied from 3.1 to 143.7 per
cent and averaged 54.6 per cert, while the decresses varied
from 0.4 to 5%2.1 per cent and averaged 24.9 per cent.
Considering the 43 compzriscns, there wes gn gverage in-
crease of 12.1 per cent as a result of clarification.

The increases due to clarification as determined
by the plate count are only apperent, since there was
no appreciable contamination, and are accounted for by
the breaking up of bacterial clumps and chains by the
clarifier. 4

An anaiysis of the data given in the table
shows thet 25 of the 45 counts on unclerified milk were

o N
and 20 wmare lower, Hith the

L TR DS,



Influence of Clarificaetion on the
Number of Bacteria in Milk,

e o0

t
E Bagterla per cc. : Porcentage
Date H ' : : :
:Unclarified tClarified. ¢:Increase tDecrease
1926 Nov, 8 19,000 27,000 42,1
12 27,5600 45,000 63.6
15 137,000 136,500 4
19 21,800 45,000 106.3
22 32,5600 22,160 ‘ 31.8
29 29,000 84,000 86,2
Dec. 1l 79,500 82,000 Sl
13 88,000 102,000 16,9
16 138,500 169,000 14.8
14 558,000 632,000 4.6
18 15,300 27,800 81.6
20 66,500 106,000 57.9
1927 Jan. b 199,000 116,000 41,7
7 207,000 260,000 15.8
8 53,000 45,000 156.1
10 134,500 130,800 3.0
12 45,5600 43,000 5.5
14 21,000 39,500 88,1
15 322,000 139,200 58.7
17 185,000 176,500 4,6
19 - 50,500 43,000 14.8
22 17,200 15,800 8.1
24 44,000 18,000 59.1
26 199,000 97,500 51,0
29 146,000 215,000 47,2
reb, 7 63,600 50,000 6.5
1L 147,000 128,000 12.9
14 800,000 400,000 50,0
R T i1 240..000.. ... 970.000 21.8
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23 counts above 200,000 per cc., clarification caused
a Gecrease in 16, or 70 per cent, and an increase in
seven, or 30 per cent, while withk the 20 samples of milk
showing counts lower than 100,000 per cc. clarification
caused a decrease in seven, or 35 per cent, and an in-
crease in 13, or 65 per cent. This shows that with the
milk studied, clarification was more likely to cause 2
decrease in the count when the milk contained over 1CC,000
bzcteria per cc. than wvhen it gonbtsined & smaller number.
ther investigstors report similar results, although the

avallable daba show considersble variations.

2. Infinense of clerification with normel and with

reduced rate of inflow on the number of bacteria

in milk.

A comparison was made of the influence of clari-
ficetion on the number of bacteria in milk using a normel
and a tenth-normal rate of inflow, The plate counts ob~-
tained and the percentage change in numbers with 19 lots

of milk are shown in Table 2. »

The counts on the unclarified milk ranged from
27,000 o 5,310,000 per cc., VWhen the rate of Inflow was
normal, clerification caused an Increase in the count

in six triasls and a decrease in 13, while when the rate
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TABIE 2

Influence of Clarification with 3
with Reduced Rates of Inflow on
of Bacteris in ¥ilk,

: Unclarified s Normal Inflowl

Date : (Bacteria per cc.) : s Perc
* : Bacteria per cc.: Decr

1927 Mar. 26 1,730,000 1,620,000

Apr. 5 2,100,000 1,930,000 |
Apr, 6 1,520,000 1.C80,000 !
Apr. 7 59,000 57,000 ]
Apr. 8 64,000 52,000 5
Apr. § 46,500 41,500 §
ipr. 11 170,000 180,000 -
Apr. 12 230,500 343,000 ~
Apr. 13 1,850,000 1,07C,000 {
Apr. 14 27,000 44 _5C0 -
Apr., 15 80,000 79,000 |
Apr. 16 1,220,000 1,600,000 -
Apr. 28 770,000 960,000 -
Apr. 29 3,710,000 2,920,000 i
May 2 5,310,000 2,110,000 !
¥ay 3 2,230,000 2,010,000 ;
May 4 1,220,000 855,000 i
Mey 5 83,500 113,000 <
May ¥ 600,000 485,000 !
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IPABIE 2

irification with Normal and
ies of Inflow on the Number
S 1k,

E Normal Inflow

4o &»

Reduced Inflow

{ : Fercentage
L per cc.: Decresse

Bacterizs per cc.

: Percentage,
: Decrease

]

), 000 6.3
},000 8.1
+,000 28.3
{,000 3.4
;,000 18.7
L, 500 10.8
), 000 - 5.9
- 5,000 -48.8
},000 42,1
1,500 -64.8
3,000 2.2
1,000 -31.1
’,000 -24.7
3,000 21.2
3,000 8G.2
3,000 9.9
5,000 29.¢9
£,000 35,3
19.1

5,000

1,060,000

580,000
360,000
20,500
16,000
16,500
82,000
128,000
417,000
17,000
47,000
710,000
570,000

1,670,000
2,040,000

455,000
595,000

52,000
320,000

38.7
T2.4
76.3
65.2
75.0
64.5
51.7
44 .4
T7 &
37.0
47.3
41.8
25.9
55.0
61.5
80.5
51,1
37.7
46,7
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of inflow was reduced, clariflcation always caused a de-
crecase. with the normal rate ¢of inflow there was g mini-
mem Iinerease in the counts of 5.9 per cent, a maximum of
64.5, and an average of 35.1, while the minimum decrease
was S.4 per cent, fhe maximum 60.2, and the average

20.8; considering the 19 comparisons there was an average
decrease of 3.1 per cent. When the rate of inflow was re=-
duced there was & minimum decrease of 25.9 per cent, a
meximam of 80.5, and an average of 55,3, These data show
that by decreasing the rabe of inflow it was possible o
remove, On an aversage, more than half of the becteria
p:esent in mili,

Thirteen of the 19 samples of milk contained
more Tthan 100,000 bacteria per cc. wWhile six had less.
With the 13 counts avove 100,000 per c¢c. clasrificztion
with the normal rate of inflow caused z degrease in nine,
or 70 per cent, arnd an increazse in four, or 30 per cent,
while with the six counts below 100,000 per cc. there wmes
a decrease ir four or 67 per cent, and san inecrease in two,
or 33 per cent., The milk used for these trisls contained
on an average more bacteria than did the milk used for
the trials repoﬁted in Table 1. However, the results

obtained in both series of determinations with the milk




containing more than 100,000 bacteria per cc. check very

eclosely,

3. The effect of clarification on the bLypes

of becteria present in milk,

The results of z study of the types of bacteria
present in 21 lots of milk before and after clarification
are reported on a percentage basis in Teble 3. The data
snow that the acid forming groups predominated in both
the unclarified and clarified milk, while the neubral and
acld peptonizers were the least numerous. Somebimes the
acid eoagulators were present in larger numbers than the
asld ron-coagulators; and sometimes the reverse was true.
Separation of the acid formers into two grours on the
basis of whether or mot coagulation occurs is of question-
able imporvance since with certain of the S. lactis orgen-
isms (19) the rate of coagulation of litmus milk is a
character which may underge definite fluctuations, In a
few comparisons the alkalil formers were preseant in large
numpers in the unclarified milk, but they were also present
in considerable numbers in the milk after clarification.
Vhenever a certain group of organisms was present in the
unclarified milk it was nearly always also present in the

clarified milk, albthough there was usually a change in



Types of Bacteria Present in Unclari-
fied and Clarified Milk,

: ¢ Percontage
Date : : ! : :
: : Acid _ ¢ Inert : Alkeall : Peptonizers
: H Coagw ¢ Non-coag. @ H H : :
: ¢ ulators : ulators 3 ¢ s:Neutral :Acid :Alkalil
1926 MNov. 8 Uncl. 49,1 16.3 16,3 14,3 2.0 2.0 0
Cl, 83.4 9.3 - Be4 1.9 0 0 0
12 Uncl, 10.9 60,9 16.2 2.8 4.3 6.5 o}
Cl. 10,6 61.7 19.1 4,3 0 4,3 0
15 Uncl, 29.6 37,0 12.9 13,0 0 5.6 l.9
Cl. 40.4 2.4 1.9 11.5 0 1.9 1,9
19 Unecl. 43,7 : 23,0 16.6 14.6 0 0 2.1
Cl. 20,0 44,0 28.0 8.0 0 0 0
22 , Uncl, 10,0 52.0 10.0 24.0 0 0 4,0
Ccl, 10,0 50,0 18.0 20,0 0 0 2.0
Dec. 6 Uncl, 53.8 25.1 0 18.4 0 7.7 0
Ccl. 59.6 30,1 7.7 11,3 1,9 9.4 0
Nov, 29 Unclo 50.0 1800 10 .O 4000 0] 200 0
Cl. 24,0 22.0 10.0 38,0 0 6.0 0
Dec.1ll Uncl., 42,0 14,0 14.0 22,0 0 8,0 0
Ccl. 44,0 38.0 0 14,0 0 4,0 0
13 Uncl. 14.56 12,3 10,2 59,0 2.0 2,0 0
Cl. ' 12.0 22,0 4,0 60.0 0 0 2.0
3 Uncl, 86.0 10.0 0 4,0 0 0 0
cL. 85.7 8.2 2.1 2.0 0 2.0 0
4 Uncl, 86.0 10,0 0 4.0 0 0 0
Ccl, 96,0 0 0 4.0 0 0 0
18 Uncl., 10.2 40,8 22,56 26,5 0 0 0
Cl. 10.0 40,0 20.0 30,0 0 0 0
20 Uncl. 22,0 24.0 8.0 40,0 0 8.0 0
cx, - 62,0 22.0 4.0 18,0 0 4,0 0
1927 Jan. B Unel. 24,0 16.0 8.0 32,0 0 20,0 0
. cl. 20,0 34,0 2.0 36,0 0 8.0 0
7 Unecl, . .8 - 7.8 2.0 39,2 0 43,2 0
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the percentage. The results show that clarification
caused inereases and decreases in the percenteges of
the varilous groups, dut did not cause & consistent elim-
ination of any single group.

An analysis of the changes in the percentage
of the various groups caused by clarificztlion and a sumn-
ary of these changes are given in Teble 4., The figures
show that clarificstion had an irreguler effect on the
baeterial florz., Sometimes It caused an increzse and
sometimes a decrease in each of the groups of organisms
vresent in the mil%k, The increases In the acid coagnletors
as a resulb of elarification veried from 0.3 to 34.3 per
cent and the decreases from 0.2 to 23.7 per cent, with
an average incresse when alil comparisons are considered
of 3.4 ver cent. The acid non-coagulators showed in-

creases varying from 0.8 to 24.0 per cent, decreases from

0.8 to 16.0 per cent, and an average increase in all com-

parisons of 3.% per cent. The alkeli formers were increased

from 0.1 Yo 16.0 per cent and decressed from l.2 to 22.0
per cent with an sverage decreasse for gll comparisons of
1.8 per cent., The other groups show similsr increases and
decreases as a fesult of clarificaetion. The summary shows

that clarification caused increases in the groups approx-

I el Wik BTN & R T o T 25 i £,
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Differences 1n the |

L\ X

: Changes in the Percenta
B H 2 : !
i Deate : Acid Coag. : Acid None-coag.: Inert :j
H - . - - - . o |
: Incr. : Decr. : Incr. : Decr. : Incr., : Decr. = |
1
1926 Nov. 8 34.3 7.0 10.9 t
"1 0.3 0.8 3.9 !
" 15 10.8 5.4 11.0 |
"3 23.7 21.0 11.4 !
*oo22 0 C 2.0 8.0 ;
Dec. 6 14,2 7.0 7.7 §
Rov, 29 6.0 4.0 e 0 |
Dec. 11 2.0 24.0 14.0 §
T3 2.5 9.7 6.2 |
" 3 0.3 1.8 2.1 |
* 4 10,0 10.0 ]
T 18 0.2 ) C.8 2.5 i
: 20 30.0 2.0 4.0 ;
;1827 Jam. S 4.0 18.0 6.0 i
" 7 2.2 14.2 2.0
" 8 0.3 8.6 1.6
10 4.0 6.0 2.0
=12 2.0 0 0 2.0
"4 8.0 4.0 0 c :
S 4 6.0 2.0 8.0 :
14 20.0 16.0 6.0 :
Average Change 3.4 3.9 1.2
v = 12.8 J = 9.6 0 =17.05 7~ = 8.4
De.€e = 8,34 P.€e = 6.25 P.C. = 4,72 P.S. = 5.63 |
PeCap= 1.82 PeCep= 1.36 Pe€oepy= 1.03 PeBap= 1.23
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. PARLE 4

gin the Types of Bacteria Present in Unelarified and Clarified Milk.

R 7 A R Mk et T L

!
i

}

‘Percentage of the Various Groups due. to Clarification

i : Alkeld : HNeunt, Pept. : Lcid Pept. ¢ Alk, Pept|
! : : : : R : : , :
ecr. : Inecr. : Decr. : Iner. : Decr. : Iner. : Decr. : Iner. : Ded
|

0.8 12.4 2.0 2.0

i 2.1 4.3 2.2

1.0 1.8 3.7 0

g 6.6 2
' 4.C 2
; 4.1 1.9 1.7

0 2.0 4.0

2.0 8.0 4.0

6.2 1.0 2.0 2.0 2.0

§ 2,0 2.0 A
0 o s
2.5 3.5 : g
4.0 22.0 2.0 i
6.0 4,0 12.90 :
2.0 1.2 13.2 3
1.6 c.1 2.0 9.4 i
2.0 C 0 2.0 2.0 ;
: 18.0 2.C 22.0 !
0 8.0 2.0 2.0 ;
8.0 1C.0 8.0 ;
! 6.0 4.0 8.0 g
1.2 1.8 0.2 5.0 0
4 7 = 2.62 ¢ =1l.2 ¢ =1.98 *
63 P.€. = 1.7 p.e. = 7.50 P.€. = 1.27

23 DeCopy= 0.565 Pe€oepp= 1.82 Pe€.y = 0.645






] .;-Summary of the Changes in the Different Groups due to Clerification
Eegt. ? ; Increase ; Decresase ; No Change

: (%)

Alk. "

0.5

; Decr. i' Times : (%) Times : (%) Times

'f ;Acia Cosag. 11 52.4 g 42.8 1 4.8

f 0 Acid Neonecoaog. 12 57.1 8 38.1 1 4.8
f‘ 5.0 Tnert 7 35.0 11 55.0 2 10,0
g Alkall 8 38.1 11 52.4 2 8.5
; Neut. Pept. 153 55.6 4 44,4 0 o
; seid i 3 17.6 14 82.4 0 0

2 1 25.0 2 3C.0 1 25.C |
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imately as cften as decreases, with the exception of the
acid peptonizers which were decreased In 82.4 per cent

cf the comparisons in which they were present in the orig-
inel milk, but since these organisms were present in the
milk in comparaztively small numbers the significance of
this is not grest. On the average the acld coagulators
were increased, end the 2lkall formers decreased by clari-
ficstion, This is of particular interest becsuse of later
studies on the types of bacteriz present in clerifier
slime.

At the foot of each colurm is shown the standard
deviztion (0}, the probable error {p.e.) of the individual
determinations, and the probable error of the mean (D.S.y)
of all determinations. The probasble error of the mean
in most cases is in the same order of mggritude gs the aver-
age changes, Very few of the average changes exceed two
or tThree tTimes the probabdble error of the mesn and cannot
therefore have much significance.

When one comsiders that milk comsists of wvarious
complex éubstances snd that the bacberia present mey show
daily variations both in numbers and in types, it weould be
expected tThat Ehe effect of clarification wonld be variable.
The changes caused by clarifilcation were not significant

. Nam o B o - S B 2 - £ 2
rrant any conclusions regewrding 2 selective
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action by the clarifier on the types of organisms which

were present in the milk studled.

4, The types of bacteriz present in unclasrified

milk and in the slime obtained from it.

Although the results obtained in Section 3 did
not indicate any selective action by the ciagrifier on the
bacterisa present in milk, it was decided to study this

further uvnder comditiong favorable for determining such

an effect, A study of the types of bacteria present in
unclarified milk and in the slime obtained from it was
therefore made, because if the clarifier has any select-
ive infiuence on the bacteria in the miik this should dbe
guite evident from the types of bacteria present in the
slime, The resulis of 33 comparisons are reported on a
percentage basis in Teble 5, The deba show thai the
types of bacteria present in the millk, In general, were
the same as those present in the slime. ZThe types of
bacteria present in the milk were similar to those present
in the unclarified milk studied in Section 3. The acid
coagulators usually predominated, but sometimes the zeid
non~coagulztors were the most numerous; ¢the neubral and

alkali peptonizers were the least prominent. In the siime

the acid formers usually predominated, although occasion-
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TABL
The TPypes of Bacter
! Milk and in the S1i
: : : Percentage
. # Date : : Acld : tAl- Peptonizers i
. : ;:Ccag- :Hon-Coeg=Inmert:kali:Neutral:hcid:alikal
‘ : :ulators:ulstors: 2 : : :
11926 Dec. 11 TY 42,0 14,0 14.0 22.0 O 8.0 O
; S1TF  41.4 12,0 C 46.86 0 0 0
| i3 T. 10.2 40.8 22.5 £6.5 0 0 0
' s1. 3.9 11,7 21.6 62.8 0 0 0
1927 Jan. 5 U, 24,0 16.0 8.0 32.0 0 20.0 O
sl. 22,7 0 75.0 0 0 2.3
: 7 U, 7.8 7.8 2.0 3S9.2 0 43.2 0
si. 20.0 14.0 ¢ 64.0 0 2.0 0
8 U. 13.7 31.4 19.6 5.9 0 20.4 0 |
Si. 3.9 23.5 31.4 19.8 0 21.6 ©
i 12 v, i6.0 20.0 2.0 24.0 2.0 36.0 O
Si. 4.0 14.0 0 68.0 2.0 12.0 O
14 T©. 8.0 36,0 12.0 32.0 2.0 10.0 O |
| Sl. 28.0 16.0 10.0 32.0 0 14.0 0 |
15 U. 68.6 15.7 3.9 5.9 0 5.9 0
si. 20.0 2.0 0 74.0 0 4,00 0 !
17 O, 24.0 24.0 16.0 18.0 0 18.0 0 |
Si. 58.3 0.0 2.0 35.4 o) 4.3 0 |
19 U. 4.0 6.0 22.0 3¢.0 2.0 36,0 O |
' S1. 8.0 2.0 2.0 82.0 0 6.0 0 |
. 22 T©. 34.0 26.0 4.0 26.0 0 10.0 0O |
Si. 12.0 58.0 2.0 22.0 0 6.0 0 |
24 U, 14.0 14.0 4.0 54.0 0 4.0 0 |
; Si. 45.0 14.0 0 40,0 0 0 0 i
| 26 TU. 42.0 2.0 0 54.0 0 2.0 0 |
; Si. 25.0 72.0 0 0 0 0 2.0
; 29 T. 52,0 20.0 5.0 13.0 0 10.0 0 |
: si. 57.4 0 12.8 0 29.8 0 |
z Feb. 7 T. 53,0 13,7 11.8 17.8 0 3.9 0 |
i ©S1.  26.0 6.0 2.0 64.0 O 2.0 0 !
| 11 U. 90.0 2.0 0 8.0 0 o] o
g Shil 76.0 8.0 2.0 14.0 0 0 o |
i !
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ally the alkall formers were the wost pronminent while
the mentral and alkall peptonizers were present In the
smallest percentagese Wide varistions were noted in the
pergentages of acid cosgulebtors and glkali formers
presepk; but ne regelar elimination of either of these
two groups from the milk seems to have taken place.

A comperison of the differences in the types
of bacteria present in the mil% and in the slime iz shown
ﬁz Teble § together with s summary of these differences.
The only groups which showed a fairly consistent change
gs a result of clerification were the seid coagulators
and the 2lkalil formers. The average changes were an 8,7
per cent decresse in the agceld Tormers and g I6.8 per cent
increase in the s8lkall formers Iin the slime as compered
with those present in the milk, Vhebther these chenges
were actuzlly droughkt about Ty the clarifier is difficult

-

to saFe As has already been pointed oub, the datz pre-
sented in Tadie 4 Indicalbed thal clarification slightly
increased the percentage of acid coagulators inm the milk
and decreased the percentage of alkall Tormers. This
would suggest thet There should be a corresponding decrease
and inerease in the same groups in the sliime end the
figures shown in Table & irndicabe that such 2 change 4id

take ploce. The summary of the changes show thet an ine
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Chaenges in the Types of Organisms in the Slime sas

: Aclia : Acid ¥one :
cte : Cosgulators : coaguletors : Inert
s INCYrease s DEeCTrease : INCresse tDecreasSe s iNcrease : LesIrens
18 6.3 29.1 c.2
1927 Jan. B 1.3 16,0 8.C
7 12.2 5.2 2,C
& G5 7.9 11.8
l2 i2.0C 6.0 2.0
14 20.C 20.0 2.0
15 48,8 13.7 S8
17 34,3 24.0 4.0
18 4,0 4,0 2C.0
22 22.0 32.0 2.0
24 32,0 ] 0 4.0
26 . 15,0 70.0
29 d 5.4 20.0 5.0
Feb, 7 27.0 77 9.8
11 14,0 8.0 2.0
L ¢ O 2.0
14 10.0 1C.0 2.0
15 £0.0 4.0 6,0
i8 42.0 G 0 4.0
19 16.0 8.0
22 C c 4.0 ,
23 8.0 4.0
25 4] 0 2.0
26 536.0 i2,0 1.0 i
28 42.0 c 0 8.0
ﬁa& - 2 22'0. 62.0 4.0
4 12.0 18.0 6.0
S 18.0 3 G 2.0
7 8.0 18.0 2.0
11 14, c 0 2.0
i2 20.0 2.0 4.0
14 32.0 42,0 4.0
£vg. Chenge 8.7 2.2 1.4
(= 26.9 7 = 22.6 (/~ = 7.55 C = 7.1
Te€o = 17,8 Pe€e = 135.0 De€e = 4.95 TeCu = &,8
De€y = 3.186 P.€. = £.69 D.e. = 0.o47 D.€s = 0’8;
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THBIE 6

Differences in the Tvpes of Bzcteria Present in
Unclarified ¥ilk and in the Slime Chtained From It.

i
fomnared with the

Trpes Present in Unclarified Milk

pe 46 _pe oo

e Alksli : Neut. Pept. : icid Pept. :  4lk. Pept.
* lsTcrecse il BeTease: INCTeASe : LECTEasSe :INcrense cDeCcTease [lnerease :Uecrease:
i 24,6 8.0
P 38,3
43,0 20.0 2.3
24.8 41.2
13.7 78
44,0 O 24,0
G C 2.0 4,0
. 88,1 1.9
i7.4 13,
52.0 2.0 30.0
¢ 4:0 4.0
§ 14,0 14,0
g 54,0 20 2.0
§ 0.2 19.8
. 46,4 1.8
i 8.0
2.0
i 28.0 6.0
§ 24,0 14,0
. 42,0 4,0
4,0 4.0
L 2.0 6.0
L 8,0 2.0
2.0
8.0 €.0
[ 2C.0 14,0
i 30,0 5.0
2.0 2.0
| 10.0 2.0
§ 18] 6.0 2.0
% 3—8.0 ’ 5»0 0 O
! 46,0 ¢ 18.0
ﬁ 6.0 8.0
'2 16.8 2.3 5.1 C.7
U/~ =s.85 7 = 18,21 7 = 1.58
p.e. = 3078 pse. = 12.2 p.e. o= 1;51
el - = - 1 A — -
o Te s = LeGa p.e:an = 2.56 p.eﬁ; = 0.786







ient in
d From It.
- . Summary of the Changes in the Various &

T : increase : becrease
{ &1k, Pept., $ : : :
}_:Increase:Decrease: : Times : (%) : Pimes : (%
~ Acid Coagulsators 8 24.2 22 66.
| 2.3 Acid Non-coag. 8 25.8 18 58,
! Inert 11 37.9 18 62,
; Alkali 25 75,7 18,
5 Neut. Pept. 1 14.3 4 57,
f scid Pept. 9 52,1 18 64.
2.0 Alkali Pept. 2 66.7 1 33,
;
‘ 2.0
X f
.9 7 5
.76
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~§ Summary of the Changes in the Various Groups

1
%
i
i
[
!
i
1
|

i

| : increase : Decresase : No Change
% : Times § (%) ; Times (%) i Times.z (2
) 'TéAcid Coagulators 8 24,2 22 66.7 3 9,1
%cid Kon-coage. 8 25,8 18 58.1 5 is.1
%Inert 11 37.9 18 62,1 o] 0
Alkelt 25 75.7 6 18.2 2 6.1
»;zeeut. Pept. 1 14,53 4 57.1 2 28.6
A%cid Fept. 9 32.1 18 64,3 1 3.8
glkali Pept. 2 66.7 1 33.3 0 0
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erease and & decrease occufred in the various groups of
organisms, the most cdﬁsistent decrease occurring in the
acid forming aﬁd the‘most consistent increase in the
alkall forming groups.

The average change of the acid coagunlators is
about three times and that of the alkall formers about
twenty times as‘great as the probasble error of the meszn,
while the average changes of the other groups sre in the
same order of megritude as the probable error of the mean.
This would indicate that the change in the alkali-forming
group had considerable significance and the change in
the acid coagulating group some significance. From the
theory of probgsbility the chances are very éiight that
the changes in these two groups were due to experimental
€TTror, | ‘

Microscopic examinations of the slime showed
the presence of many gram-positive clumps and chains of
bacteria of varying size as well as mmerous gram-positive
and grémynegative organisms, isolated and in pairs. Large,
gram=negative rods were very abuﬁdant; they were usually
present in pairs, and corresponded in morphology and
stalning reaction to those of the alkali formers which

had been isolated from pliates.



The changes in the percentage of acid and alkali
formers may have been due to a selective action of the
elarifier, They may alsc have been due to a2 breaking-up
of bacterial clumps and chains by the clarifier, while the
increase In the percentage of alkall formers may be account-~
ed for by assuming that bthese organisms were assocciated
wiﬁh the cells and dirt particles in the milk, and since
these were, for the most part, removed in the slime, the
organi_sms would be removed with them., This latter explana-
tion is not very logical, however, because if tThe alkall
formers were held by the ceils and dirt they shouwld prac-
tiecally all have been removed, while the data show that
on an average the slime contained only 18.8 per cent more of

these organisms than the unclarified milk,

The resulis obtained in this study seem bo Justify

the conclusion, that if the clarifier had a selective ac-
tion on the bacteria present in the milk wmsed, the allkali

formers were the onses responding to this influence.

5., The effect of clarification with normsl and

roduced rate of inflow on the types of bacteria

present in milk,

In order toe study the effect of prolonged ex-

posure of milk to centrifugal foree in a clarifier on the




types of bacteria present, a series of 18 comparisons

was made in which & normal. and & one-tenth normal rate

of inflow were used. The primary object was to see if it
was possible, by means of a greater clarifying efficiency,
to cause = significant change in the flore of the milk,

The data obtained are presented on a percentage basis in
Teble 7. The aeid formers predominated inm both the un-
clarified milk and in the milk clarified with either method
of clarificstion while the neutral and alkaii peptonizers
were the least numerous.

The results obbained agree with those cobbained
in Section 3. The types of bacteria present in the clarified
milk were very similar to those In the unclarified milik,
Although there were slight variations in the types present,
no great elimination of any of the groups took place,. ‘

An gnalysis and summary of the changes which
occurred in the typeséf orgenisms with the two methods of

e¢larification are shown in TPebleg 8 and @, It wonld geem,
¥

. thet clarification with either method caused little change

in the types of baecteriz in the milk, The variations are
not consistert or large encugh to permit of the drawing of
any'conciusions other than that the clarifier apparently
had 1ittle or no selective action on the types of bacteria

present in the milk under either method of eliarification.

gy ¢ m
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Types of Baocterla Present in Unclarified
M1lk and in Milk Clarified with a Normal
and with a Reduced Rate of Inflow.

$ !
: : : Percentage
Date : H Acld - s : Peptonizers
: xCoagula-'Non~Coag-'Inert Alkali Neu
: ttors ~tulators $ ttral:Acid :Alkali
1927 Mar, 26 U. 74.0 14,0 4,0 0 0 8.0 0

c1, 78.0 16,0 2,0 0 0 4,0 0
Cl., red.* 84,0 12.0 2.0 0 0 2.0 0

Apr. b U. 78,0 6,0 0 6.0 6  10.9 0
cl. 74.0 16.0 2.0 2.0 0 ' 6.0 0
cl. red, 86.0 4,0 0 2,0 0 8.0 0

Apr. 6 U. 68.0 28,0 2.0 6.0 0 8.0 0
Cl. 64.0 12.0 0 6.0 0 18.0 0 \
¢l, red. 74.0 14.0 0 0 2,0 10.0 0 o

Apr., 7 U. 25.6 41,8 57 5.5 1.8 23.6 0 '
cl. - 22,0 26,0 6,0 30.0 0 16,0 0
Cl. red. 24.0 40.0 2.0 12,0 2.0 20,0 0

Apr. 8 u. 12.0 30.0 2.0 18.0 0 38.0 0
cl. 16.0 48,0 0 14.0 2.0 20.0 0
Cl. red. 0 63,6 0 0 36.4 0

Apr. 9 u. 18.0 42,0 10.0 8.0 2.0 20,0 0

. Cl. 18,0 44,0 ' 0 16.0 0 22.0 0

cl. I‘ed. 803 87.8 5.5 1906 0 5808 O

Apr. 11 u. 48,0 20,0 0 12.0 0 20.0 0
Cl, red. 52.0 12,0 0 18,0 0 18.0 0

Apr. 12 u. 689.3 16.3 2.1 10.2 0 0 2.1
Cl. ' 86.0 8.0 0 8.0 0 0 o
Clc I‘edo 6400 20.0 600 1000 0 0 0

Apr. 14 U. 7. 36,6 5.8 40.3 0 0.6 0
Ccl. 6.0 38,0 2,0 52,0 0 2.0 0
Cl., red. Be2 45,1 6.5 32,3 0} 12.9 0

Apr. 16 v. 8.0 44,0 0 34,0 2.0 12,0 0
cl. 10.0 26.0 12.0 30.0 4,0 18.0 0

ey S 5 R E T WSS ~ 1o W - VU - 1- 3 + 0 Q.8 . HA.A .3 _...2.1
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|
Changes in the Percentage Types of the Vi

Acid Coeg.

® 89 o
e o0

Acid Fon-coag. Inert

Date .

Increase:Decrease:Increase:Decrease:Increase:Decre

1927 Mar, 26 4.0 . 4.0 2.0
Apr. S 4.0 10.0 2.0 !

g1 7 1.6 15.8 2.3

i 9 0 o

i 11 11.5

1 i2  18.7

o 0@ 0o 4§

-

B W e« B S R (VK¢ ¢
[ ]

i OO

2.0
1C.0

»

8.3 2.1}
3.8/
18.0 1z2.C :

2.0!

13 2.0

N
w
o)
o0
L]
3
)
L]
O
o
]
o]

40,0
53.2 1.9

2O 1=
[lsX¢]

L] [ )
OCwo ~NoO

Moy 2

Y R

22.0 38,0

ot
h-IN
*

10.0 !
11.0 15.6:
22.0 0 0

=3 Ui A

~1

vg. Change Se

42

4.0 1.4
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11.7 / =e2.2 7T =8,
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TABLE 8

. ﬁifferences in the Types of Bacteria Present in Unclarified
"l@ilk and in Clarified Milk with Normal Rate of Inflow.

Croups after Clgrificefion
( Alkeli :+ ©Pept. Neut. : Pept. Acid : Pept. 21kali |
! : : : : B H :De- 4
‘rease:Decrease:Increase:Decrease:Increase:Decrease:Incresse:crease
: ‘ 4,0 }
: 4.0 4.0 E
e 0 10.0 5
5 1.8 7.6
; 4,0 2.0 18,0
.O 2.0 2.0
9.7 3.2
i 4.2 2.1
7 7.8
i 4‘.00 2.0 600
i 6.5 6.0
1.0 4.0
Ted 15.2 «
| 12.0 4.0 ]
: 6.0 :
1.1 2.1 i
t.0 4.0 ;
%
.8 0.05 0.2 2.1 g
T = 10.2 U = 1.94 v~ =7.92 G~ =0 |
P.e. = 6.83 p.e. = 1.27 p.e. = 5.31 D.€. = 0 |
p.ey = 1.65 p.e, = 0.572 P.e, = 1.37 p.€, = 0 |
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.- melarified
.flow.

¢

Pept. £1kali

*

s De-

le:Increase:crease

4

e 03 08

Summary of the Changes in the Different Gf

. o

(TN T YY)

Incregse

Times

(%)

-
-
-
®
-
.
»

i
Decreas

Times

-
-
.

i

!

£1kall
Reut. Pept.
Acid Pept.

Alk. Pept.

11
10

O <8 v O o

61.1
55.6
35.7
35.3
50.0
46.7
0

6
8
8
10
2

{
3
¢
i
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%mmary of the Changes in the Different Groups Due 3o Clerificetion
{ . Increase : Decrease ; ¥o Chenge

ﬂ; : Times : (%) : Times : (%) : Times : (%)
éoag. 11 61.1 8 33.3 1 5.6

-ﬁon-coag. 10
!

,..
a

Hy
®
4]
ey
.
4Y]

o
o
g
ct
.
9 BN

55.6
35.7
35.3
5C.0C
45,7
G

jt
» nvw O ™
9]
(o9
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Changes in the Percentage Types of the Vari

. : Acid Coag. :Acid Non-cosg.: Inert s |
| Date :in- :De- sin- sDe- :In- :De- : g
:crease:crease:crease:crease: crease: crease:Increa
11927 Mar. 26 1C.0 2.0 2.0
ipr. 5 8.0 2.0
6 18.0 14,0 2.0
7 0.4 1.8 1.7 6.5
8 12.0 33.6 2.0
9 9.7 14,2 4.5 11.6
11 4.0 8.0 6.0i
12 5.3 3.7 3.9 ;
14 4.5 8.5 0.7
15  12.8 21.1 5.6
16 16.0 10.0 2.0 0
28 24,7 43.2 ;
29 8.0 18.0
¥ay £ 5.4 42,6 19.3!
3 6] 0 4,0 0
4 4.0 6.0 2.0
5 5.8 3.0 13.6 20.9]
7 0.9 8.9 2.5 8.9
' livg. Chenge 0.0¢ 0.1 1.7 c.2
7 =10.11 7 =1s.64 = 5.59
p.eo = 6.7‘7 poe' - 1211 poec - 5065
Deey = 1.59 PeCy = 2.86 P.ey = 1.09
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Differences in the Types of Bacteris Present i
¥ilk and in Clarified Milk with Reduced Rate of

TABLE S

after Clarification

”3fthe Various Groups

: : : 2 |
L3 Alkalil H Pept. Heut. H Pept., Acid s Pepi
boe : : : H : : ;
ie :Increase :Decrease:Increase:Decrease :Increase :Decrease :Increag
: 6.0
: 4,0 2.0
’ 6.0 2.0 2.0

6.5 0.2 3.6
= 18.0 i.6
| 11,6 2.0 18.8
6.0 2.0 ;
| 0.2
: 8.0 5'3 %
{ 5.6 4,3 3.7 !
: 0 0 2.0 2.1}
: 18.5 g
8.0 2.0 i
i 19.3 ‘ 13.9 :
0 0 4,0 j
i2.0 ' ]
20.9 10.1 :
8.9 4,0 §
| 0.2 1.1 C.6 o |
I
5.59 = 11,2 G =2.31 (= 7.7
5.65 poe- peet 7.5 p.e- = 1051 poeo = 4.80
1009 poem = 10,76 p.em = 0‘749 p.eﬁ -— 1024-‘

e






$ R i

|

| |
{ :
|
8 j
| i
Qcteria Present in Unclarified §
bh Reduced Rate of Inflow. |
) i: 3
| . Sumzary of the Changes in th
icid ; Pept. Alkali : . Increase !
i : : : : : i
pecrease :Increase :Decresse @ :Times : (%)
] . N %
;1 8.0 Acid Cosg. 9 50%

Acid Non-coag. \ 583
1

w3

Inert 563

2. Alxalt 7 41,
i |
| 2.1 Neut. Pept. 3 75.
3.7 : |
: 2.1 Acid Pept. 6 40.
2.0 Alk. Pept. 1 50,
| |
i0.1 i
4,0
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‘Eibary of the Changes in the Different Groups Due to Clarification

§ : Increase : Decrease : No Change
g zTimes i (%) : Times ; (£) i Times ; (%)
%. g 50.0 8 44 .4 1 5.6
l-cosg. 7 38.9 11 61.1 0 o

g 4 36.4 7 63.6 Q ¢
g 7 4l.2 8 47,9 2 11.8
ot 3 75.0 1 25,0 0 o
;t & 40.0 9 60.0 0 0
't 1 50.0 1 5.6 O 0

|
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Contrary to expectations, the data indicate that when

the milk was retzined in the clarifier for an unusunally
long period of time, clarification caused less change in
the percentages of the;VQridus types of baeteria present

in the milk than with s normsli rate of infiow.

The sumpary of the changes whick Bock place show

that clarification caused irregular increases and decreases

in the prominent groups under both the normal and the
prolonged exposure,

The average changes in the various groups sre
2ll of gbout the same magnibtude as the probable error of
the mean of all determinations, This wonld indicate that

the changes were of doubtful significance.

6. Thne effect of filtration snd separaltion of milk

or the numbers and types of bzeteria present.

The effect of passing milk through & fiiter or
separator on the numbers and iypes of bacteria p?esent'
was studied in e few comperiscns because of the relztion-
ship of these processes to clarification. The results
obbained are presenmted in Table 1C.

In the four runs, filtration caused an inerease

in the bacterial counts three times and a2 decrease once,

The increases varied from 12,2 to 38.9 per cent, with an
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Effect of Filtration arx
and Types of Bacteria Pi
]
Pat e : :« Number Bacteria per cc. :
8926 Nov. 27 TFot filtered 20,500
Dec. 1 " n 47,000
8 " " 27,000
15 " ® 58,000
: Jan. 28  Not separated 365,000
: 31 " o 1,250,000
; . 7y
: : Percentage ~ :
g : : feid . : T POpPLODLZErsS  :|
ate : : <Non- :Inert:Alkali:Neu-: Cy Uy
: :Cosg.:c08g.: : rtral:Acid:kali:]
t : : : : H : : o4
926 TNov. 27 Not
’ filtered 22.0 42.0 8,0 26.0 O 2.0 ©
. Piltered 26.0 45.0 4,0 22.0 O 2.0 ©
Dec. 1 ©HNot ‘
filtered 30.0 .24.0 2.0 40,0 2.0 2.0 0
FPiitered 39.5 22,9 8,4 25.0 © 4,2 ©
Dec. 8 TNot
filtered 78,8 13.5 1.9 3.9 0O 1.9 ©
Filtered 94.C 2.0 2.0 2.0 O 0 0
Deec. 15 Yot '
' fiitered 15.7 28.4 0 55.0 O 0 o |
Filtered 22.0 26.0 2.0 5C.8 © o s
Averagei
27 Jan., 28 Hot
separated 30.0 40.0 14,0 0 110.0 6,0 ©
‘ Separated 43.0 20.0 1C.0 0 20,0 7.0 O |
Janr, 31 Not ' ’ !
separated 25.4 5.6 9.0 0 c 60.0 O
Sepegrated 52.0 14.0 12.0 0 0 20.0 2.C
Average |
!
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:

1 Separation on the Numbers
.resent in Milk,

. H Percentage )
. :Number Bacteria per cc.: Increase : _Decrease
- " |Piltered 23,000 12.2
: " 56,000 19.1
ﬂ 37,500 38.9
T 53,000 8.6
Separated 445,000 21.9
" 970,000 22.4
4+ Changes in the Percentage Iypes of the various Groups
r "eTa . : : Peptonizers
z Goag., T Non-cosg. : Inert : Alkali :Neutral:Acid -A_kali
10~ 8- :In~ 8- lnie D6~ in- De- : g: : : @
ZTeaSe:CreASeCreaSe Crease YSISeIresSecreasemroase: i S 18 % iR iR g
% . . . . . . .ce.oé.:gc Gg.mg
i : : : : : : : =i el R Q H8:G
i .
- 4,0 4,0 4.0 4.0 0 O
| S o
- 9.5 1.1 6.4 15.0 2.0 2.2
115.4 11.5 0.1 1.9 19
| 8.3 3.4 2.0 5.0
e 8.8 3.0 1,1 8.7 2.0 0.1
113.0 20.0 4.0 10.0 1.0
| 26.6 " 8.4 3.0 40.0 20
- 19.8 5.8 0.5 10.0 195 20
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average of 23.4 whlle the one decrease was 8,6 per cent.
The results of the four runs show an average increase
of 15.4 per cent in the counts.

In the two‘comparisons separation caused an in-
crease of 21,9 per cent in the one instance and 2 decresse
of 22,4 per cent im the other, with an average percentage
decrease of 0,5.

The analysis of the data obtained from the study
of the typés of bacteria present shows that £filtration
causeC a fairly significant increase in the acid coagula-
tors and a correspornding decrease in the alkali formers,
whereas the other groups were not materially changed. The
effect of passing the milk through = separator caussd
noticesble chenges in the acid and peptonizing groups
bubt since only two comparisons were made, the significance
of these is limited.

In summarizing the deba, it seems apparent that
when miik was pumped through a filter only slight changes
In the purbers and types of the bacteria took place. The
changeé were probgbly chiefly caused by the mechanical
effect of the pump and by the milk going through the fine
meshes in the cloth, botk of which would have a tendency
to brecgk up bacterial clumps and chains. Sepsaration like-
wise caused some changes, but no great elimination of any

types took place.
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For the reason that the clarifier.is much more
efficient in removing heavy particles from milk, further

studies with the separator were not made.

Ye Tue effect of clarification with normel snd reduced

rate of inflow on the bvacberias in milk, as deber-~

mined by the plate count, the methylene biue test

ahd the fermentation test.

A series of determinations of the effect of clarie-
fication on the bacteria in milk with a normel and with
a reduced rate of inflow was made, using the plate count,
the methylene blue test, and the fermentation test. The
dats obtained in nine ccomparisons are shown in Table 1l.

The bacterial counts were quite high, on sn
average, Clerification always resulbed in a decrease in
the counbs., There was an average decrease of 24.2 per
cent when 2 normal rabte of infliow was used, and an average
decresse of 57.2 per cent when a one~tenth ncermsl rate
of inflow was used. The reduction time of the unclarified
milk ranged from 60 to 240 éinufes and averaged 163 minutes,
that of the normally clarified milk ranged from 80 to 255
minutes and averaged 184 minutes, while that of milk
clayified with a reduced rate of infliow ranged from 120

-re

to 285 minutes and averaged 210 minutes., Wibth the normal
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"TABLE 11

. The Effect of Clarification with Normal and Reduced

Rate of Inflow on the Bacteria in Milk, as Determined
by the Plate Count, the Methylene Blue Test, and the
Fermentatlion Test.

Plate Count

e oo

¢ Unclarified Clarified
Date . : (Bacteria tNormal Inflow: Vercentage :Reduced Inflow: Pércentage
¢ per cc.) 1 (Bacteria : Decrenae : (Bacteria : Decrease
: : per c¢c.) : ! per cc.) : -
19287 May 25 700,000 470,000 32.9 140,000 80,0
" 26 1,035,000 745,000 28,0 560,000 45,9
June 20 3,310,000 1,980,000 40.2 560,000 83.4
" 21 7,530,000 6,600,000 12,3 700,000 12,3
" 22 2,780,000 1,890,000 32,0 1,090,000 60,.8
July 6 615,000 475,000 22,8 350,000 43.1
" 7 2,820,000 2,580,000 8.5 1,060,000 62.4
n 8 760,000 680,000 22,6 530,000 66,0
" ¢ 920,000 760,000 18.56 270,000 0.7
Avg . m Avg ’ 57 ° §
Methylene Blue Test
¢+ Unclarified : Clarified
Date ¢+ (Minates to :Wormal Inflow:Increase in :hReduced inflw:lncrease in
! reduce) :(Minutes to Reduction :(Minutes to :Reduction
: 1 reduce) :Time due to :; reduce) :Time due to
: - tClarifioca~ :Clarifica-

ition (min.) stion (min.)
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“Clarified

H
Date t  (Minutes to :Normal Inflow:increase in :leduced Inilow:lincroase in
: reduce) :(Minutes to iNeduction :(Minutes to :Reduction
: : ¢ reduce) tTime due to : reduce) :Time due to
: : 1Clarifica~ :Clarifica~
: : ition (min.) : ttion (min.,)
1927 May 26 135 180 . 45 210 78
" 26 - 236 266 20 2856 60
June 20 80 106 15 1356 45
n 21 60 90 30 120 60
" 22 165 210 45 240 75
July 6 240 240 0 270 30
" 7 120 140 20 180 80
"8 210 210 0 210 0
" 9 210 228 16 240 ‘ 30
Avg., 21 Avg., 47
Fermentatlion Test
s H
Date : : Clarified (Character of Curd)
4 Unclarified : t
: ¢ Normal Inflow ¢ Reduced Inflow
Sl. 1i4. near ' 31. 1ig. near
1927 May 256 surface of ourd So01id curd surface of curd
" 26 80114 ourd So0lid curd S0131d ocurd
June 20 51. gassy 31. gassy 31, gassy
" 21 S011d curd 50114 curd 80134 curd
A 3~ Gassy Gassy Gassy
July 6 Badly gassy Badly gassy Badly gassy
" 7 Gassy 31, gassy Gessy
" 8 Gasay Gassy Gassy
" 9 S1l. gassy ‘31, gessy 81, geasy







rate of inflow, clarificatior caused an increase in the
reduction time in seven trials and no change in two and
with the reduced rate of inflow it cgused an inecreass in
eight trials and no change in one. The grestest increase
in the time with the normal inflow was 45 minutes and
with the reduced inflow 75 minutes, The average incresses
when 211 comparisons are considered were 21 minutes with
normal clerification and 47 minutes with clarification
invelving a reduced rate of inflow,

The deta would indicate that clarification with
both rabtes of Inflow resulted ir most cases in 2 quite
‘noticeable increase in the reduction time. There seems
to be no definite correlstion, however, betwesn the counts
of the uneclarified or clarified milk snd the reduction
time when the counts for the different rums are considered.

Since clarification zlways resulbted in a decrease in

B

-

2
counts in this particunlar series, these datz are therefore
not applicsble to runs where clarification resulis in an
increase.

The results obtained by the methylene blue test

agreed, in general,.wiﬁh,those obtained by the plate method.

It would scom, however, that the plate method was the more

-

refined In showing the differences in the numbers of

baecteria of milk caused by clarification.
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The reason why the methylene blue test does
not show relatively small differences in the numbers of
hacteria in milk may be accounted for by the differences
in the gbility of various types of bacteria to decclorize
methylene blue and to the varistions in their development.
The observabtlons of the fermentstiom btest
would indicate thaet clerification had no influence oz the
Type of fermentatlon taking place whether a normal or a
reduced rete of inflow was used. The character of the

-

curd wnieh formed from the clarified milk was, in ail

cases, similer Lo that which formed from the unclarified

milk,

8, Compariscn of the effeck:

O

? centrifugzl force on

the numbers and types of organisms present in up=

cenbrifuged milk, and in the sefimernt obisained in

cenSrifuge tubes.

In order To obtain some additionel data on the

gffect of cenbrifugel force on milk tests were made in

whick 15 cc. samples of uncentrifuged milk were placed

-

he speed was 1900 revolutions

per minube and the circle through which the outer edge

of the tubes rassed was 15 inches, The sediment was then
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diluted to 15 cc. with sterile water and the numbers and

types of organisms determined.

The data presented in Table 12 show that in 2
series of four comparisoné, after five minutes centrifuging
a ominimm of 5.8, a maximum of 20.2, and an average of
12,8 per cent of the to;al numoers of bacteria present in
the milk were in the sediment, while after the milk had
been exposed to the centrifugal force for 20 minutes 2
minimom of 9.5, a maximum of 25,9, and an average of 16.7
per cent were in the slime,

The resul®s of a2 study of the types of bacteria
present in uncentrifuged milk and in the sediment obtained
from it after centrifuging samples of milk of the same
lot for five, 20 and 30 minutes, respectively, in four com-
parisons, and for five and 20 minutes in four other com=-
paerisons are shown in Teble 13. The acid formers were
usually the wmost numerous types in both the milk and in the

sediment, but sometimes the alkall formers or acid pepton-

izers were the most prominent, , Centrifuging caused some

-slight variations in the types, but whenever a certain type

was present In the milk it was usually also found in the

N Nl i B« R R B R o ek

sediment. Even prolonged exposure of the milk to centrifugal ?

force did not consistently czuse a complete elimination of

any of the types present in the milk,
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Comparisdn of the Number of Bacteria Present in Uncentrifuged
Milk and in Sedlment Obtained from it by Centrifuging in Tubes.

* : tTime of : iPercentage
Dato :Centrifuging:Bacteria tBactoria Remov-
tMinutes, tper cc. ted from Milk
1927 Apr. 29 Uncentrifuged milk 3,710,000
Sediment b 750,000 20,2
Sediment 20 1,110,000 29.9
May 3 Uncentrifuged milk 2,230,000
Sediment 5 130,000 5.8
Sediment 20 315,000 14,1 \
>
May 5  Uncentrifuged milk 83,000 v
Sediment 5 15,600 18.7
Sediment 20 11,000 13,2
May 7 Uncentrifured milk 600,000
Sediment 6] 34,500 6.8
Sediment 20 67,000 9.6
AVerage of percentage removed ' 5 min, 12,6
20 min, 16.7




TABLE 1

The Types of Bacteria Present in
from it by Centrifuging in Tubes

: :Time of
: scentri- :
Date : :Tuging :
: :+ ¥in, T
171927 Jan. 8 TUncentrifuged milk
Sediment 5
Sediment 20
Sediment 30
Jan. 8 Uncentrifuged milk ¢
Sediment S ¢
Sediment 20 <
Sediment 30 K
Jarn, 15 TUncentrifuged mllk . €
Sediment S 4
Sediment : 20 €
Sediment 30 €
Jan. 21 TUncentrifuged milk
Sediment S
Sediment 20
Sediment ) 30 1
ipr. 20 Tncentrifuged milk » 1
Sediment 5 1
Sediment 20 :
May 3 Tncentrifuged milk - 5
Sediment 5 6
Sediment 20 5
sy 5 Uncentrifusged milk ,
Sediment ‘ S 1
Sediment 20
May 7 Uncentrifuged milk 14
Sediment 5 y

Sediment 20 24
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| TABLE 13
i

ri-

1

‘ssent in Raw ¥ilk and In Sediment Obtained

Percentage
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It would seem that the exposure of milk to
centrifugal force in tubes, even for a considerable time,
did not materially affect the flora of the miik,

Although cenbrifuging of the naturélly infected
milk did not csuse much change in the types of organisms
present, it was decided to study the effect of centrifugel
force on samples of low count milk hesvily inocculated with
large alkali forming bacteries or with yeasts obtained from
agar slope culbtures. Raw mlilk was used in preference %o
sterile milk because in the latber some of the constituemts
are changed physically and chemically by the heating process.
The data obtained are reported in Teble I4. In all cases,
both with the alkall formers and with the yessts, centri-
fuging for one-half hour caused e decrease in the numbers
present. The number of organisms present in the milk arnd
crean layer after these had been mixed, when azdded te the
numbers in the sediment, should egual the total number of
organisms present in the milk before centrifuging, This, as
a rule, did not occecur, due probably to a elumping of the
orgaﬁisms in the sediment, since microscopic examination of
the sediment showed the presence of large numbers of clumps

of the inoculated organisms.

RS



The of'fect of centrifuging mllk
. containing yeasts and alkall forming
bacteria on the numbor of orgenlams present,

TABLE 14

TY66HES por CG. iYOASLHE Por 00. Yoasts por 66, In Sedls

Dato :in Milk Before :1n Mllk Apter :ment, Diluted to 1B cc.
) A tContrifuging  sCentrifuging :with water.
1927 Mar. 7 Raw Whole Mllk 1,645,000 300,000 775,000
9 v " " 1,470,000 1,960 820,000
12 " " 1,200,000 14,000 448,000
tRaw Milk and sBactoria pery Batleoria per ca. 1n
:Added lLargo tee, in M1lk  :Sediment Diluted to
1Alkall Forming :aftor Contyri« :16 cc, with Water,
1Bacterla. Bace :fuging '
1Badteria por : ¢
1CC, : H
1927 Mar, 12 Raw Whole Milk 740,000 640,000 250,000
Apr, 4 Raw Skim Milk 46,200,000 6,680,000 3,900,000
4 " " " 58,000,000 15,000,000 3,050,000
4 " " " 68,300,000 20,240,000 4,240,000
Apr, B % " 46,000,000 30,000,000 17,300,000
5 " " " 60,000,000 37,600,000
5 " " 72,000,000 18,000,000 11,200,000
Apr. 14 Raw Whole Milk 670,000 261,000 112,000
14 Raw Skim Milk 600,000 140,000 121,000
16 Raw Vhole Milk 6,800,000 3,280,000 366,000

{Inoculated

about 4 hours)
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8, The specific gravitly of yeasts and

alkaeli forming bacteria,

An gbtempt was made to determine the specific
gravity of some of the alkali producing orgenisms isolated

because of thelr relstive abundance ir the silime. The

specific gravity of a still larger organism, Torula cremoris

was also determined,

The alkali formers were grown in Petri dishes
on beefl infusion agar; while beef exbract zgar contalin-
ing lactose was used for the yeast., Usually the growth
obtained from eight or ten dishes was employed in esch
determination. A4s soon as g good growth kad occurred
this wes carefuily scraped off with o sherp steel blade
and transferred quickly tb a tared, dry, 25 cc. pycnometer.
Whenever the growth was sufficient, duplicate determina-
tions were made. The specific gravify was Jdetermined o:;f
compering the weight of a cerisin volume of the organisms
witk the weight ¢f an eguzl volume of Gistillied waber ot
the same btemperature. In making the determinations four
different weighings were made, as follows: the dry
pycnoneter, the pyenometer plus the bacterial growth, the
oycuonieter filled with distilled water, and the pycnometer

£illed with the bacbteriasl growth and distilled water. The
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specific gravity of the bacterial growth was obtained
bj dividing the weight of this as determined by subtrace
tion by the weight of the volume of water which it dis=-
rlaced; the latber represented the difference between
the weight of the water containing organisms and the
welght of distilied water necessary te fill s pycnometer.
In two determinstions plain bouillon was used ss g medium
for the alikali formérs. Five hundred cc. lots of this
were inoculated, and when a good growth nad occurred they
were centrifuged in 50 cc., tubes; the sediment obtained
was then placed in pycnometers and thé specific gravity
determineds

The results of the speeifis gravity determina-

tions are shown in Table 15. With Toruls cremoris the

values ranged from 1,037 to 1.102, with an average of
1.079. With the slkali formers, when agsr was the mediwm,

the values ranged from 1.029 to 1.123, with an average of

1.0497. while when boulllon was used the spscific gravities

were 1.025 and 1.032 with an average of 1.0285.
The duplicate determinations sbmetimes showed
some variation. The smallest difference between checks

was 0,003, the largest 0,019, ang the average of the seven

runs where checks were made was 0.008. The growth obtained

from ten plates usually weighed about one gram, bubt even

i S e e > et AR o
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TABLE 15

. Determination of the specific gravity
of Torula cremoris and alkall forming
bacteria,

thengun ol sToamperature : A
tIncubationsof Incubation:Dets A. : Det. B, : Average

¢ (days) s (deg., C.) : 5 | $

Growth on Agar

Toruls cromorls \ 3 37 1,037 1,037
o " 6 37 1.102 l.102
" N 2 37 1,097 1.0987
" o 2 37 1.079 1.079 A%
Averege of 4 determinations v L 0 OTG. ®
Alkalil Bacteria No., 2 2 37 1,123 1,123 '
n " o2 2 3% 1,045 1,045
" n T2 2 37 1,036 1.036
" " "ol ¢ 37 1,049 1.042 1.04556
" " "i2 2 &7 1,058 1,056 11,0566
" " 31 eultures 7 21 l 042 1,042
" " No ,27 2 37 1,063 1,063
M " "oev 1 37 1,046 1.029 1,03%
" " " 20 2 3% 1,054 1,049 1.0516
i 1 "o 4 21 1,083 1.034 1.04356
" " "o29 4 2l 1,043 1,036 1,0395
" " "g 7 21 1,036 . 1,036
" " "8 7 21 1,041 1,034 1.0376
“Average of 13 determlinations L L0497
Growth in Boulllon
Alkall Bacterla No.27 2 woeks 21 1,025 1.026
" " "oes " 21 1,032 1.032

Avorage of 2 determinations O A




with heavy growth the amount obtained was too small for
very accurate determinations.

The resuibts gannmot, of course, be directly
applied %o milk because of the variations in the composi~
tion and size of bacteria grown in different kinds of |
mediaes If the specific gravities of the =lkeli formers,
az they occur in milk, are similar to those obtained when
they are grown on agar and in bouillon, it would seem
that it would be difficuls, considering the short exposure

to the centrifugal force, for the zlerifier to remove a

large percentage of them,

10. GComparison of morphological, cultural and

biochemical cherascteristies of alkeli

forming bacteria,

The relatlve sbundance of the alkall forming
bacterias in the clarifier slime suggested the isclation
and study of orgenisms of this type. The arbitraery group—-
ing of these orgenisms on the basis of their ability to
produce alkall in milk does not iﬁdicate that they possess
other characteristics in common, and for this reason a
more deballed study of these bacteria would be expected

to lead to a division of them into groups or types. From

several hundred litmus mllik cultures of alkali forming




=50

bacteria obtained in the investigation of the types of

bacterie present in milk end in clarifier slime, 31 were

N atht S S i s ks 85

selected, After having been purified by plating and pick-

ing colonies the orgsnisms were sbtudied on the basis of
morphologyy stairing reaction, motility, growihk in or on

. 32 : : o e =
verious media, gelztiz liguefaction, resciion changss inm

The microscopic examination of the 31 culbures
showed that when the orgenisms were grown in litmus milk
st either room temperature or 37° C. (98,8° F.) they were
medium to large, plump, rod shaped, non-spore forming,

gram negative organisms, having rounded ends and arranged

in peirs, while when they were grown on infusion agar at ,

both the zbove temperatures the cells were much smaller and

almost spherical. MNotility was regularly noted. Crowth

slways occurred near the surface vhen milk or bouillon were

A i i et

used as a medium and only on the surface with ager stabs.

At room temperature and st 37° ¢. (908.6° F.) the growth on

1 T R 1 R e

ST

24-hour ager slopes was mederaie, white, £iliform, glisten-

R

ST TE)

-

ing, and slightly raised, whi

]

e after two weeks the growth
was abundant, grey-white, filiform, and in most cases raised.
& yellowishe~brown growbth occurred on potabto siants. Nons of

the organisms ligquefied gelatin, Vhen grown in plain bouillon§

i
!
i

fud

or bouillon containing glycercl, dextrose, galactose, levu-

1




lose, lactose, sucrose, maltose, mennitol, or rafiinose,
{reaction plus 0.05 Puller's scale) an alkaline reaction
was always produced after ore week, as shown by the change
in color vwhich appeared on the addition of a few drops
of brom-thymol blue indicator to each tube. Indol was
not produced in any of the cultures, Two culbures showed
nitrite production.

It would seem from the study of these cultures
of alkgll formers, thait, In gerersl, their main charagter-
istics were very similar; they were probably varisties
of one species of orgenisms. A separation of them into

groups was therefore not made,

PART IX
The Infivence of {isrificeiion on the

The study of the effect of clarification on the
quality of cheese involved the use of 23,000 pounds of
nmilk representing both unclarified and clarified miik from
67 different lots. Additional trials were carried out
in which cheese made from unclarified milk was compared
with that obtained from clarified milk to which clarifier

slime or pure culfures of alkall forming bacteria had been

e e e e
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added. A botzl of 145 batches of cheese were made, of
which 48 were made in Utah and 97 in Iowsa,

In g few compari§ons the bacterial flora of the
ripened cheese was studied for the purpose of debermining

if 1% had been modified by clarification.

Historicel

Up to the present bime clarification of milk
Tor gheddar cheese has not been generally empleyed by
cheese factoriss in the United States. The process is being
ussd, however, Lo some extent in the menufacture of Swiss
cheese.

XMatheson {2%) found thet eentrifuging the miik
resulbted in am increase in the higher grsdes of Swiss
choese. The cheese nade from cenbrifuged milk did nod
have 2 fiavor differeni than that mede Prom untrested milk b
in most cases the body was firmer, a2nd there were larger
ond fewer 2yes. Xe stzites, thet this Improvement seems bo

be due to the removal of dirt and cellulsr elements from

Hardell (20} reports that in Ohioc every factory
Gsing pure culbures was clarifying miik for Swiss cheese

during the winter of 19286-27., He states that clarificstion

v
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of milk has been an important factor in the improvement

of Ohio Swiss cheess, It has resulted in a decrease In
the number of eyes, and at the same time it has inereased
the sigze of the eyes. The body and texbure of the cheese
likewise seemed to have been improved. This investigator
thinks that the results obtalned by the factories sub-
stantiate the work of the Bureau of Dasirying, U. S. Depart-
ment of Agriculture, which consistently demonstrated the
value of clarifying milk for Swiss cheese manufacture.

As early as 1891, Babecock (2) started experiments
tp study the Influence of cleaning milk with a centrifugal
cream separztor on the quality of cheese. He reasoned
that, beceuse of the offensive characber of the mabterisl
which accumlated on the inside of the separator bowl,
the removal of this from the milk would result in an im=-
provement in the flavor and keeping quality of any milk,
Nearly 1C0 cheese were made by students attending the
Wisconsin Dairy School from milk cleaned by a separstor,
the skim milk and cream being mixed as it came from the
machine, and "without exception the flavor and keeping
quality of the cheese has been Improved”. It was also
neticed -that cleaning the milk in this way either over=~

came gassy or "pinholey" curds, or greatly minimized the

gefect. Babeock thought that cleaning milk with a separator
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would greatly improve the quality of cheese made from
tainted milk, He was uncertalp whether the improvement
was caused by the zeration to which the milk was subject-
ed when it was passing through the separator, or whether
it was due to the removal of the slime, In studying this
vroblem he found that untreated milk caused gassy cheese;

while milk which had been cleaned by running it threugh

a separator, and milk which had been cleaned but to which
separator slims hed been added, did not result in gassy
cheess, This work was done during the winbter season, and
-when it was repeated during the following summer it was
Pound that "there were jixsﬁ as meny pinholes in the curds
from the cleaned milk as from that not trested”, Babcock
sumnarizes by stating that "although cleaning milk with

& separator® has not 'accompli»sheﬁ all that we hoped in the

treatument of milk for cheese, we feel that it has been of
great Denefit, as it has, in nearly ;evez’y ease, improved
the quality of the cheese, and the improvement has been
more marked with tainted milk than with those in good con=
dition.l Especlally has it been of benefit for long keeping

cheese as such have retained their flavor much betber when

made Prom separator cleaned milk”,

Fisk and Price (14) report the resulis of com~

; parisons of cheddar cheese made from unelarified and clarified.
11

i




rmilk, The work was carried out during 1919 and 1920 under
various conditions in different locealities. A btobal of

82 cheese was made, There was a dilfference in the average

scors in favor of the clarified milk cheese of 1,282 for
flavor, 0.673 for body and texbture, and 1,865 in the total
score, “the clarified milk cheese had a firmer, more
springy feeling, and showed less of a tendeney to puff up
than the cheese made from unclarified milk™, There
appeared to be an improvement in the cheese made when
gither good or poor quality milk was used, and both with
and without starter. The authors state that "the clarifier
will sometimes overcome the gas in the milk and curdy at
other times it will not overcome this gas, bub will chasnge
it",

In studies on the effect of clarification on
the quallty of cheese obbained where low and where high
quality milk was used, Combs, Martin, and Hu;gglar {(5)
Tfound that the average total seore of cheese made from
poor guality milk handlied under ordinary conditions was
0.79 points lower for tkhe clarified milk cheese then for
the unclarifled, whereas when poor gqualibty milk was
hendled -under very sanitary conditions, the average tobtal

score of the clarified milik ckeese was 1.59 points higher
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than that for the uwnclarified, ¥When high grade milk
handled under ordinary conditions was used for cheese,
there was a difference of 2.53 pelnts In the sverage tebal
score in favor of the clarified milk cheese, and when very
sanitary econditions were used a2 diffsrence in favoz*,cf

the clarified milk cheese of 2.83 points in the aversge
total score. When cheese was made under practical condi-
tlions, the average score for flaver was 1.0 points higher
for the clarified milk cheese than for the unclarified,
and the average score for body and texture 1,16 points
higher for the clarified milk cheese than for the uncleri-
fied, W%When the cheese was made under extreme senitary
conditions the average score for flavor was 0,58 points
higher for the clarified milk cheese than for the unclari-
fied, and the average score for bedy and texture 1.66
higher for the clarified milk cheese than the unclarified.
The authors conclude that although there was a difference
of 1.03 in the sverage tobal score in the 41 compsarisons
in favor of clarification, the clarified milk cheese,
under present market conditions, would not sell for o
higher price; it would therefore be doubtful whether

the process of clarification would be justified in the
éverage cheese factory,

The results obtained by the majority of the many
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research workers who have studied cheese ripening since
Duclaux {9) in 1878 first began this type of investiga-
tion, seem to point to four outstanding facts: (1) Aecid
is necessary for the breaking dovn of the insoluble calcium
paracaseinate to mono-calcium paracaseiﬁate, wnich in
turn changes to other forms, (2) bacteris are essential
in the production of flavor and aroma ard in the develop-
ment of the desirable body and texture of cheese, {3) an
enzyme present in remmet effects an inerease in the sol-
uble nitrogen compounds in cheese during ripening, thus
aiding in producing az more plastic body, and (4) galactase
breaks down the calcium paracaseinabe to more soluble
productss A large amount of resesrch WOTK has been done
in various parts of the world on the subject of chedder
cheese ripening, and many theories kave been put forth re-
garding the changes which take place during the curing
Process.

Evans, Hastings, and Hart {13} in 1914 reported
the :esﬁlts of a study of the bscteria goncsrned in the
preduction of the charaeteristic flevor of cheese of the
cheddar type. They summarize their findings by stating
that thére are four groups of Dbacteria present in cheddar

cheecse iIn such numbers as to Indicate that they must funebion

in the ripening process. 7Tney are: (1) Bacterium lactis
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acidi, (2) the B, casel, (3) Streptococcus, and {4)

NMicrococcus. On the basis of the fermentation powers,

each of the four groups may be divided inbto a number of
varietles, The flora of raw milk cheese is varied and in-
cludes 21l the wvarieties inte which the four groups may
pe divided.

The literature on the subject of cheese ripening
consists of several hundred references. Hucker (23) has
recently (1922) made = review of the bacteriologicsl
aspects of cheese ripening and summarizes this by the
following statement: ¥is it sbtands today the investiga-

tions have clsarly demonstrated that the breaking dowzn

of the insoluble caseln compounds is due to enzymes, either

ratural or baclterial; while characteristic fiavors are
produced by the sction of’certain groups of bacberia

{Bact, casel or eoccus group), which depend upom the pro-

ducts of B. lactis zcidi present in large numbers during

the memufecture and carly ripening stages®.,

Later investigational work by Hucker {24) has
been done on the tyves of bacteria present in American
cheddar cheese. He studied 265 cultures of bacberia obe
tained from 37 samples of varicus grades of commercial
cheese, He divides these culbures inbto sevezn groups es

follows: (1) Spore formers, (2) gram-negative rods,

b 8 A & end B £ Y A
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(3) lactobacilli, (4) Strevtococcus laetis, {5) cocei,

(6) streptococci other than S, ltactis, and (7} yeasts.
He concliudes from his study that in the higher grades of
gheese, the S, lactis and lacbobacilli were the predominst-
ing types, while in the lower grades the spore~forming
and gram-negative rods were most gbundanb, There seemed
to be 1ittlie verliation in the frequency of the cocci, and
streptococei {other than S. lactis) in the different
gualities of cheese,

In a2 study of the relation of the number of bac-
teriz In milk to the quslity of cheddar cheese, Hueker (22)
found thet the total »umier of bacteria present In milk
used in the =zking of sizty lobs of chesse hed no influsnee
upon the guzality, The milk which was used varied in
baeterial content from 220,000 to 41,400,000 per cc. when
it wes received at the cheese factory. Under the condiitlons
of the experiment, the milk that econtained from 12 to 42

million bagteriz psr cc. produced 2 cheese ¢of 2 more gon~

¥

stant quelity than 4id the milk conbaining e smeller number

of bacteris. Ke concludes that the specifie types of bac-

dJudging from the above brief discussion of the

nacteriology of cheddar cheese it would scem that in order

ES P S
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to be effective in the production of a higher quality of
cheese clarification must modify the flore of the milk

in such = way that the groups of orgenisms which sre respbns—
iblie for the production of the desirable gqualities in

cheese predominate during the ripening period.
Methods

The milk used in the mamfacture of the experi-
mental cheese represents the general milX supply of the
Dairy Departments of the Utah end Iowa Agricultural Colileges.
In general; the milk was of 2 good quality, but off-Tisvored
milk, and milk having & high bacterial coniernt wes occasion-
ally used. Since the cheesse was made over a period of
several years in the two states, it has been possible te¢
use milk varying as widely in guality ss that employed in
the various factories.

Approximabely btwenty gallons of miik were used
for esch vet, and two cheese were obtaired from this amount,
Tmmediately before using, 211 equipment employed was care-
fully steamed or rinsed with boiling water. Ten-gallon
cans were used for transporting the milik from the miik vat
and clarifier to the cheese vabs.

In obtainirng the clarified milk for the cheess,

at least ten gallions of milk were run through the clarifier

e s s
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before the milk for the experimental work was caught.
It was the purpose throughout the trials to
employ the usual commsrcial method of mamufacture with
very little wvariatlion. In brief, the method generally
used was as follows: One to two per cent of starter was

added to the milk as soon as it had been placed in the

vats., The milk in sach vat was then heated simultaneously

to 30° C. (86° P.) and one ounce of color snd four ounces
of rennet added. Cutting wes done with one=-guartsr inch
wire kmives. A cooking temperature of 27.8° to 38.9° C.
(100° to 102° F.) was used snd the scidity at the bime
of dreining was 0.14 to 0.16 per cent, The matting pro-
eess required two or three hours, and the aeidity of the
whey at the time of salting was usually about 0.8 per
cent or higher, Salt was added at the rate of 2.5 per
cent to the curd, The curd was placed in the hodps and
pressed at a temperature of 26.7° to 29.2° ¢. (80° to
85° F.). Usually pressing occupied 18 to 20 hours. An
average curing room temperabure of 12,.8° to 15.5° ¢.

(55° to 60° F,) was maintsined. The cheese were scored
when they had Dbeen cured zbout one month and again after
about three months. It was ti&e aim to make a firm-bodied
cheese having 2 molisture content of about 36 per cent,

When secoring, the cheese were numbered, s8¢ as
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to give no information to the judges on the kind of milk
used for each cheese. TFor the purpose of making careful
comparisons, the meke of each day was judged separately.
Represenbtative lots of cheese were examined for
numbers and types of bacterlz present. In obtaining the
sample, the surface of the cheese was cub with a2 sterile
knife, and a sterile trier was then used for'sectring a
plug of cheese. Thir slices were cut from this and weigh-
ed on psper. About one gram of cheese was used for sn
snalysis and this was thoroughly growund in a sterile
nmortar with sterile sea sand. The grinding process
occupied at lesst twenty minutes; when completed, the
material was transferred to 2 water blank and plated on
beef infusion agar. The plabes were incubsted at‘r0dm
temperzture for five tec six days witk the exception of
those from the one month 0ld cheese which were incubshed
at 37° G. (98.6° P,) for 16 hours and then at room temper-

gture for four cays.

Results Obtained

A; Scores on Cheese from Tnelarified and

Clsrified HMilik,

Pive different series of cheese were made,

Series one to four inclusive comprise cheese made under

e i A
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normzl conditions, while milk containing added slime or
alkall forming bacteria was used for the cheese made in
series five.

Series 1, This series involved the mamufsacture
of 48 batehes of cheese from 24 different lots of miik

during the period from April 7, 1923 to March 7, 1925 at

the Utan Agricultural College. The cheese in 20 of the

24 ecomparisons were scored at the end of sbout one month
end in 22 comparisons at the end of sbout three months,
T=é scoring was supervised by ¥r. H, R. Lochry of the
Western Office of the TU. S. Buresu of Dairying {Salt Lake
City), and the results are presented in Table 18,

The dste show that when the cheese Wwere one
month old clarification caused an increase in thé scores
for flavor and aroma in ten comparisonrs, a decreoase in
eight and nc change in two. ¥hen ths SGOFGS were higher
with elarification the average ineresse was 1,15, afd
wher they were lower the gversge deerease was 1.00.
Conéidering'the 20 somparisons, there was an average ine
erease in the seores for flavor and aroma of 0,17, The
scores for the three months old cheese show th#t clarifi-
cation ceused an inerease in the scores for flavor and

aroma in 14 comparisons, a decrease in five, and no change
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Flevor gnd Aroms

-

e oy

- TUnclarified Clarified . Unclarified

; 1 Month ; 1 Month ; 3 Months

H : 2 : : : |
: Score : Comment : Score : Comment : Score : Comment
36.0 High geid 38,0 Good 38.5 Foreign
38.C v " 39.0 " 39.0 High acid
37.0 B.ooom 38.0 High acid 35.0 Bitter
36.5 Moldy 37.0 Musty 37.0 Unclesn
37.5 Starter 375 Starter

39.0 Good 38.0 Good 35.5 Onion
39.0 w 39.0 "

33.0 Strong on
38,0 Sweet
37.0 Agid

39.5 Good 39.0 Sl. unclean 37,0
37.5 Flat 39.0 Good 375 S1i. uncle
38.5 3%.5 37D
40,0 39,0 36.5 Unclean
38.0 37.0 Flat 37.0 "
34,0 V.unclean 36.5 Unclean 34,0 V. unclesg
38.5 38.0 37.0 S1l. uneclel
3865 Bigh aeid 37.0 Undeveloped  34.5 Sour bitt
34.5 Sl. bitter 32.5 Very bitter 35.5 Ritter |
36.0 Plat 35,5 S81. bitker 34.0 Frulity
35.5 Sl. unclean 36.0 Feed 35.0 Si. bitte
S53.5 Bitter 32.0 Foreign 36.0 Leid

- : 5500 " .
37.5 High scid 38.5 34.5 Sl. fruit;

i

37.125 37.300 36,090







Scores and Criticisms of Cheese Made in Series

TABLE 16

L 1

i e ..

i Body;
led : Clarified t TUnclarified : Clarif
IS : 3 Months : 1 Month : 1 Mon
jorment : Score : Comment t Score : Comment : Score : Con
? » o
eign 39.0 Fruity 290.5 Open 29.5 O%en
th acid 40.0 29,5 e 29.5

ster 34.0 Putrid 30.0 29.5 Sl. ¢
slean 38.0 S1. musty- 29.0 Open 29.0 Ogen
A 29.C Crumbly 28.5 '
lon 38.0 High acid 29.5 Sl. mealy 28.0 Open
: 29.5 Sl. open 29.5 Sl. ¢
rong onion  40.0 Good

cet 38.5 Acid

id 3.0 Good

: 39.5 " 29,5 Sl. open 29.5 Sl. ¢
» unclesn 38.0 26.0 Corky 28,0 Sticl
; 573 20.0 Corky 29,5 Corin
clean 33.0 High acid fruity 29.0 Mealy' 29.0 ®

5 36.5 Flat undeveloped 29.0 Corky 28.5 Very
. uncleean 36.5 Unclean 29.0 Corky 28.5 V. ¢
. unclesn 35.5 u 29.0 " 28.0 Cork:
ur bitter 37.0 Coarse 29.0 Mealy open 29.5 Cork;
tter 32.5 Bitter 28.8 Xealy 28.6 Gas ]
nity 34.5 Bitter 25.5 S1l. pasty 22.5 Past:
» Ditter 35.5 - Flat 20.5 Corky 20.5 Cork
id 36.0 Acid 29.5 Pasty 29.5 Past
P 35.0 # ’ ‘ ‘
l» fruity 36,5  Salsy 29.5 Open 29.0 Opew

. - !
36.818 29.300 £29.225
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!
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”.Bbdy

Texture“

T i N S e T il v T

TRy
\Y]
(9]

i . —— -
E and :
i Clarified : Unclarified : Clerified :U
i 1 Month 3 Months : 3 Months sc|
P N : : : 3y
e : Comment : Score : Commen} : Score : Comment :T
P - Sl. open i
; Open 29,5 S1. pasty 29.5 Sl. open g
g ‘ 29.5 Open 29.5 S1l. open 9
1 Sl. open 28.5 Sl.open mealy 28.5 Crumbly 9
f Ogen 29.0 Open 29.0 Open g
:  Open si. mealy 28.5 ¥ealy open 28.0 Swiss holes g
| Sl. open g
; 29.0 Open 29.0 Open
E 29.0 " 29.5 S1l. open
? 26.0 Yeast holes 29.5 Open I
Sl. open 29.5 Open 29.5 " <
Sticky 29.0 " 29.5 " ¢
Corky 30.0 30.0 ¢
i 29.0 Healy corky 25.0 ¥ealy ¢
Very corky 28.0 Very corky 27.5 Very c¢corky §
V. corky 29.0 Sl. open 29.0 Si. open {
Corky 29.5 Cpen 29.5 Mealy {
Corky open 29.0 Pasty - 29,5 " {
Gas holes 29,0 ¥eely pasty 28,0 Cpsz
Pasty 28.C Yealy week 29,0 = Open pasty
Corky 29.5 S1l. pasty 22,8 81, gassy soft |
Pasty 29.5 Open 29.5 Open .
25.0 Mealy dry body 25.0 ¥ealy dry body
: Open sl. pasty 29.0 Pasty mealy 28.0 Pasty sl. mealy
B 29.0090 29,023

%

+

= Incresse in score

= Decregase 1n score

Includes color and finish
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| : Total Seores™ : Changes in Scores due
; : For Flavor and Aroms, : Flavor : Rody
i : Body and Texture : and : and
:Un=- : :Un- B : Aroma : Textwy
:r¢clari- :Clari- :clari- :Clari- : : : :
i :fied :fled :fied : :fied :1 Month:3 Months:l ¥Month:3
nt :T ¥onth: I HontR:5 KODLAS :3 months: : : - s |
E 90.5  92.5 93.0 = 93.5 + 2.0 40,5 0
92.5 93.5 93.5 S4.5 + 1.0 + 1.0 0
; 92.0 82.5 88.5 87.5 + 1.0 - 1.0 - 0.5 -
f 90.5 91.0 $1.0 92.0 + 2.5 + 1.0 0 :
g 81l.5 82.0 0 + 0.5 i
" es 93.5 82.0 $0.0 g2.0 - 1.0 + 2.5 - 0.5 -i
; 893.5 93.5 0 0 g
f 87.0 54.0 + 7.0 |
E 92.0 93.0 + 0.5 +
§ 91,0 93.5 + 2.0 +
% 84.0 83.5 91.5 94.0 ‘- 0.5 + 2.5 0 ]
; 91,5 83.0C 1.5 92.5 + 1.5 + 0.5 0 o+
3 82.5 5£.0 2.5 = . %2.5 + 1.0 o + 0.5 :
1 54.C §3.C 8C.5 87.5 - 1,0 - 3.5 o0 +
Y 92,0 90.5 80.0 89.0 -~ 1.0 - 0.5 - 0.5 -
% 88.0 80.¢C 88.0 90.5 + 2.8 + 2.5 - 0.5 i
: 82.5 92.0 91.5 90.0 - 0.5 <« 1,5 0 ‘
E 80.5 1.5 88.5 51.5 + 0.8 + 2.5 + 0.5 +
i 88.0 86.5 89.5 ° 86.5 - 2.0 - 3.0 - 0,5
A 80.8 80.0 88.0 88,5 - 0.8 + 0.5 0
: soft 90.0 90.5 88.5 . 90.0 + 0.5 + 0.5 0
P. 88.0C 86.5 90.5 90,5 - 1.5 0 0
! bedy 85.0 85.0 ' C ‘
{ mealy 92.0 92.5 88,5 90.5 + 1.0 + 2.0 - 0.5
91,435 91.525 90.09. 90.84 + 0,175 + C.727 - D.075 =+
|
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Changes in Scores due to Clarification
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in three. When the scores were higher with clarificstion
the average increase was 1,82 and when they were lower
the average decrease was 1,88, Considering the 22 compari-
sons, there was an average increase of 0.73 in the scores
for fiavor and aroma.
The scores obtained for body and texbure show
tﬁat in the one month old cheese clarification resulted ;
in an increase in the scores in three comparisons, & de-
crease in six and no change In 11, When the scores were
higher with clarification there was an average inerease
of 0.50, and when they were lower there was an average
decrease»of 0.50. Considering the 20 comparisons there
was an gverage decrease in the scores for body and texturs
of 0.07. The scores for body and texture of the three
months ¢ld cheese were higher with clarificatior in five
comparisons, loWer in three aﬁd alike in 14, Vhen %the
scores wore raised by clarification the aversge increase
was 0.50, and when they were lowered the average decrease
was 0,67, Considering the 22 compérisons, clarification
caﬁsed an average increése of 0.02 in scores for body and
texture, !
Clarification resulted in an increase of 0,10
in the total scores with the one month old cheese and of

0,75 with the three months old cheess, AL times claprifi-
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cation caused an increase and st times 2 decrease in the
scores of the cheese, while in 2 number of comparisons the
gquality of the cheese was not influwenced. In general,
when there was e variastion irn the scores of the unclari-
fied and clarifled milk cheese, it was not very large;
in a few instances there was s marked difference in the
s¢ore for flavor and aroma, but the differences were not
always in favor of the clarified milk cheese. The judges!
comments show variations, as 4id the scores. Sonmekimes
the criticisms were alike for both types of cheese,
sometimes the comments were in faver of the unclarified
wmlilk cheese, while at other times they wers in favor of
the clarified wiXK cheesse, Clarification, gpparentiy did
not eliminzte consistentiiy any of the defects in the cheese.
From this parbicular study it wonld seem that
since there were no rezular incresses or decresses in the
seores of the cheese, and since the averages of the total
s cores wors so nearly alike, clarification 4did net ine-
fluence the quelity of the cheese-to any marked extent.
Series 2. Ten compariscons of cheese, represent-
ing unclarified and clarified milk, were made during
Noverber and December, 1926, at the Iowa State College.
The seoring was supervised by Professor E. F, Goss., The

seores and criticisms of the cheese wher zboubt one month

T o e e A M I LA € w0
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and when sbout three months o0ld are shown in Teble 1%,

In the one month o0ld cheese the scores for
flavor and sroma of the clarified milk.cheese were higher
thaniﬁhose of the unclarified mil¥ cheese in seven com-
parisons, end lower in three. Vhen the scores were higher
with e¢lerification the average increase was 0.78, and when
they were lower the average Gecrease was 0,67. Vhen the
sgores in g1 the comparisons are considered there was
an average increase in the scores for flavor and z2roms of

-

+00e In the three months old cheese the scorss for

Q

-~

Tavor and arome oFf the cheese msde Prom ¢larified milk

i

were higher than those of the cheese made from unciarified
rmlilk in four compsriscns, snd lower im Tive, while in coms
instance there was no chasnge. Whern the scores were higher
with clarification the average iIncreass was 1.10, and when
they were lower the averege deereass wes 0,82, Oconsidering
21l the comparisons, there was an everage increase in the
szores for flavor and aroms of 0.05.

The datza obtained for body and texbure show that
in the one month o0ld cheese there was an irncrease in the
scores with clarification in seven compsrisons, a decrease
ir twe, and in one ingbtance nc difference. Waen the scores
of the clarified milk cheese were higher fthe average in-

crease was 0.70, and when they were lower, the aversge de-
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Flavor and Aroma

Clarified

8 S0 ta 5 se o

Unclerified : Clarified Unclarified :
Yo. 1 ¥onth 1 Month 3 -Nonths : 3 ¥onths
:Score ;Comment Score Corment :Score Comment ; ; Comme
1 4C.C Acid 39.5 Acid 37.5 Bitter Bitte
S1.
2 40.0 Acid 40 .5 Acid 39.0 Unclean
Acid Si.
3 36.5 Bitter 38.5 Immefbure 35.0 Fruity Fruit
Aecid S1.
4 38.5 Acid 39.0 38.0 Bitter
Si.Ac
5 36.5 Sour 37.0 Bitter 38.0 Sour T OBit
6 39.0 38.0 Bitter  39.0 s1.4c
Si.
7 38,0 Ritter 38.5 Bitter 37.5 Bitter
S1. Si.
8 37.0 Sour 37.5 Sour 38.0 Sharp Sour
g 35.0 Fruity 36.0 TFermented 38.0 Sharp Sharp
Acid Sl.
iC 38.C Acid 38.5 Bitter. 39.C Sharp Termer;
Avg. 37.95 38,30 37.90

GEEETRS

*  Ireludes color and finish

+ JIncreasse in score

- Decrease in score







ABLE 17

Scores and Criticisms of Cheese Made in Seriss 2.

Body and Texture

2; Clarified ; TUnclarified : Clarified ; Unclarified ;
T 3 Months : 1 Month : 1 Month 2 3 Honths :
ggScore ; Comment ;Score ; Comment ;Score ; Comment ;Score ;Comment 24
§ ' Open OCpen
i 37.0 Bitter 27.5 Corky 27.0 Corky 27.0 Yeak
; Open Open S1.
40.0 27.0 Corky 27.5  Corky 28.0 Crumbly &
g S1. ,
| 37.0 Fruity 27.5 Weak 28.0 Open 26.0 Veak £
i Open
. 39.0 26.5 Weak 27.5 Open 27.5 Pasty Z
i S1.Acid - S1.
! 38.5 " Bitter 27.5 Open 28.0 Open 27.0 Healy £
i
. 38.0 Si.Aeié 27.5 fealy 27.5 Xesaly 28.0 <
: Mesaly Si.
37.0 27.0 Cpen 28.0 Healy 27,5 OS8l.Pasty <
; Mealy , :
t 37.0 Sour 26.5 Weak 27.0 JMealy 28.0 2
: Swiss Swiss Pasty ;
38.0 Sherp 25.0 oles Opsn 26,0  Holes Open 26.0 TLumpy 2
; S1. S1. 5
. 38.0 Termented 27.0  Mealy 26,5 MNealy 28.0 Pasty 2
— |
. 37.95 26.90 27.30 27.30 g
, i
4
|

finish

§ mreremray i o






.§Series 2,

' T . Total Scores”
. mrified : Clarified = For Flavor and Aroma, Body and Texture
- Months : S HMonths = : : :
Pos : wide .. .. % Unclarified:Clarified :Unclarified:Clarif:
. :Comment :Score :Comment :; 1 Month : 2 Month : 3 Months : 3 MNont
/ Weak
| Weak 26.5 Sl.Pasty 92.5 91.5 89.5 88.¢
. s1. |
t Crumbly 28.5 92,0 93.0 92,0 93.t
| Weak 27.5 Sl.Weak 89.0 91,5 86.0 89.¢
g
| HMealy  28.0 Sl.Healy 89.0 0.0 80.0 01.
; ’ i
27.5 HMealy 91.5 90.5 92,0 90,¢
i S1.Pasty 25.5 Sl.Bsty o0, 91.5 80.0 89;2!
} 28,0 MNealy 88.5 89.5 91.0 90.{
. Pasty é
) g,zlmpy 27.5 Pasty 85.0 87.0 89.0 90.!
Pasty 27.5 Sl.Pasty 91.0 90.0 g2.0 90.!
i
; 27.70 89.85 90.60 90.20 90.
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l Chenges In Scores Due to CIarification
* " ind Texture Flavor and ' Body end
: : Aroma : Texture : Total Score
tied:Clarified: : : : : :
'S : 3 Mconths:; 1 Month : & Months: 1 Monbh : 3 Monmths: Month:3 HMon
E
§ 88.5 - 0.5 - 0.5 - 0.5 - 0.5 1.0 - 1.
| 93.5  + 0.5  + 1.0 $0.5  +0.5  +1.0 4 L.
g 89.5 + 2.0 + 2.0 + 0.5  + 1.5 2.5 4+ 5.
: 92.5 + 0.5 + 1.0 + 1.0 + 1.0 1.5 + 2.
; 91.5 + 0.5 + 0.5 + 0.5 4+ 1.0 1.0+ 1.1
§ 90.5 - 1.0 - 1.0 c - 0.5 1.0 - 1.
% 89.5 + 0.5 - 0.5 + 1.0 0 i.5 - o.%
| 90.0 + 0.5 - 1.0 + 0.5 0 1.0 - 1.€
90.5 + 1.0 o +1.0 + 1.5 2.0 1 1.%
0.5 - 0.5 - 1.0 - 0.5 -0.5 1.0 - 1.
) 90.65 + 0.35 1 0.05 +0.4 +0.4 0.75  + 0.4

[
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crease was 0.50, Considering alil the comparisons there

was an average increase in the scores for body and texbure

of 0.40., Trne resulbs for the three montks 0ld cheese show

that clarification caused an ingresse in the scores for
body and texture in fivs comparisons, a deerease in three,
and no chenge in twe, TWhen thers wes =n improvement with
clarification the average increase in the scores was 1.10,
and when it resulted in g lowering of the gueli there

was an averazge decrease of 0,50, Considering 211 the some

K™

arisons there was an average increase in the scores of

sulted iIn an incresss in the scores o The one

b

month old cheese of 0.75 and an incresse in the scores of
AgEe)

the three months olé cheese o «45,

The results obizined In this series of compneri-

-

>

sons agree quite closely with those obtained in Series 1.
The individual scores obiained for the checse mades wish

and wiﬂho*t

%]
Q

larification are not.very different, Sometimes
there was a slight improvement in the quality of the

cheese as a result of clarification, while et other times

there seems o have been = decrease., The criticisms offer-

-

el by the judges for the cheese made with and withous
. J = ‘

clarification were not very Cifferent, In meny cases it

¢
3
:
3
!
]
(
H
4
3
}
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was very difficult for them to see any difference in

the quality of the cheese in = given comparison, Sometimes

the criticisms for both types of cheese were the same,

while at other times they were more severse or less severe

with elarification. There was only one instance where

clarification caused a difference between the total scores
- of more than 2,00, The judges' criticlsms for this lot

of cheese (No. 3) indicate that the unelarified milk cheese

contained a little more acid and that it had developsd

a more pronounced frulty flavor and showed z weaker body

than 4did the clarified milk cheese. This may have been

caused by several factors, such as the presence of a little

4 more molsture or more undesirsble bacteria in the unclarified
% milk cheese than in the clarified milk cheese..

In summarizing the results obtesined in this parti-
eular study, it may be concluded that elarificstion caused
increases snd decreases in the scores of the cheese, and
' although the average total scores show an improvement in
7 The quality of the cheese, the differemnces are so small
that they do not signify any markea effect.

| Series 3., Seventeen comparisons of cheese masnu-
factured from unclarified and clerified milk were made
during the perlod from March 18 to Jume 11, 1927, at the

Towa State College, The scoring of the cheese was super-
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vised by Professors E. F. Goss and N. S. Golding. All
the cheese were scored at the end of sbout onrne month
after manufeeture, while the cheese in 14 of the 17 com-
parisons were alsc scored when about three months old;
The scores and ecriticisms of the cheese are shown in
Table 18,

In the one month old cheese the scores for flavor
and aroma of the clarified milk cheese were higher than
those of the unclarified milk cheese in seven comperisons,
lower In six, and unchanged in four. When the scores were
higher with eclarification the average increase was 0,71,
and when they were lower the average decrease was 1,08,
Corsidering the secores in all the comparisons, there was
an average decrease in the scores for flavor and aroma of
0.0, In the three months o0ld cheese the scores for flavor
and aroma of the cheese made from clarified milk were
higher than those of the cheese made from unclsrified milk
in four comparigons, lower in three, and unchanged in seven,
¥hen the scores were higher with clarification the aver-
age Increase was 0,63, =2nd when they were lower the sver=~
age decrease wag 0.50, Considering 211 the comparisons,
there was an average increase in the scores for flavor and
aroma of 0.,07.

The scores for body and texture show that in

- e as e aAr e et
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the one month 014 cheese there was an inerease in the
scores with clarification in nine comparisons, a decrease
in five, =2nd no change in three. When the scores were
higher with clarification the average increase was 0,83,
and when they were lower, the average decrease was 1,70.
Gonsidering all the comparisons there was an average de-
crease in the scores for body and texture of 0,06, In
the three months old cheese, clarification caused an in-
erease In the scores for body and texbure in three come-
perisons, 2 decrease in four, and no charnge in seven,
When the scores were higher with clarificatlion, the aver-
age increase was 0,50, and when they were lower there
was an average ascrease of 0,62, Considering a1l the
comparis.or;_s s there was an average decrease In the scores
for body and texture of 0.07.

The avergges of the tetal scores show that
clarification resulted In a decresse in the scores of the
cne month old cheess of 0.18 and in no change in the
scores of the three months old cheese,

The only promnowmced differences in the scores
of mmelarified milk cheesec and the clarified milk cheess
were in Wos. 319 and 322, The manufacturing reports show

that there had been little acid development, especially

in the clarified milk batches, during the process of
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Flavor and Aroms

10 5¢ ¢ o0 0y e

Unclarified : Clsrified  : Unclarified : (Clerifi
Xo. 2 Month : 1l Xont : S ¥onths 3 ¥onm
:Score; Comment ;Score ; Comment ;Score ;Comment ;Score ;Con
318 4¢ .5 Sour 40,0 Sour 32.0 Sharp 39.5 Sha
319 41,0 39.0 TFlat 40.0 39.5
' Sour
320 41.0 38.0 fermented 40.0 40,0
Aclg - lac
322 38.0 38,0 Dbitter 35.8 39.0 fis
Fermented Fermented
323 37.0 burnt 37.0 Dburnt 40,0 40.0
8512 41,0 40.5 40.5 40,0
813 40.0 40 .5 35.0 32.0
514 40.0 3.8 Tmmature 38.8 39.0
516 40.0 40.0 4C.0 40,0
521 39.0 Flat 40,0 . 40.0 40.0
523 37,5 Fruity 38.0 Fruity 37.5 Fruity 37.5 Frm
528 40,0 40.0 38.5 38.5
s1. S1
506 38.5 40,0 40.5 Dbitter 41.0 Dbii
) S1, off :
807 38.0 flavor 40,0
608 37.0 Unclean 37.0 TUnclean -
st
608 37.5 Fruity 38.5 Flat 57.0 Frulty 38.0 Bbij
611 38,5 39.0
Avg. 39.265 39,176 39.285 35.357 g
{
% Includes color and finish, + Increase ing
H
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Scores and Criticisms of Cheese

Nade in Series 3

Bedy and

- Tneresse in gcore.

Decrease in score,

oS-

{ ; Texture
| ¢ Clerified : Unmclarified : Clsrified  : Unclarified :
s S Months 1 Month : 1 Month 3 ¥onths :
; ;Score ;comment ;Score ; Comment ;Score ; Comment ;Score; Comment ;
: si. - 81, s1.
i 39.5 Sharp 28.0 mealy 28.0 mealy 27.0 mealy
? Crumbly
‘ 39.5 29.0 26.0 corky 28.0
si.
: 40.0 28.0 27.0 corky 28.5
§ Lacking -~ Crumbly S1.
i 39.0 flavor 27.0 24.0 corky 27.5 mealy
s1. si. s1.
3 40.C 26.0 crumbly 27.0 crumbly 27.5 mealy
. 40.0 26.5 Weak 28.0 28,0 Weak
. 39.0 28,0 28,0 29.0 |
| 39.0 27.5 open 27.0 lumpy 26.0
f s1. ’ ' 3
f 40.0 27,5 ovpen 28.C 28,0 Open ;
Pasty sl. - 81, é
40.0 26.5 open 27.5 open 28.5 i
f . "~ Open S1. open | |
' 37.5 Fruity 26.0 wesak 27.0 weak 28.0 !
38.5 27.5 28.0 29.0 !
: S1. Sl. open - 81. {
e 41,0 Ddbitter 27.0 weak- 27.5 open 25.5 Sticky {
: |
27.0 TWeak . 28.0 §
Open Swiss Open Swiss !
27.0 *holes 27.0 hole |
: Sl. S1. Cpen Swiss holes|
7 38.0 bitter 28.0 open 27.0 corky 26.0 sticky !
!
27.0 Open 27.5 S1. open |
{
39.357 27.264 27.206 27.821






Ein Series 3

Coa
!
¢
H

ure :. Total Scores®
nelsrified : “Clarified . For Flavor and Aroma, Body and Textu
| 3 Months : 3 HMonths :. » B : :
f N :. Unclarified:Clarified :Unclarified:Clar
re: Comment :Score:Comment : 1 Month ¢ 1 Month : 3 ¥onths : 3 M
. s1. T sa, o |
0 meely 27.0 mealy 93.5 83.0 81.0 91
é S1.
0 27.5 wealy 95.0 $0.0 83.0 o2
ES 28.0 04.0 91.0 83.5 83
. s1. s1.
5 mealy 26.5 crumbly 91.0 87.0 82.0 g0
. S1. |
5 mealy 28.0 88.0 89.0 92.5 93
0 Weak 28.0 Wealk 92.5 93.5 93.5 93
o 29.0 93.0 95.5 93.0 93
0 £9.0 52.5 $1.5 92.5 93
0 Open 28.0 Open 92.5 93.0 93.0 93
5 29.0 90.5 92.5 93.5 94
o - 27.5 Pasty . B88.5 90.0 90.5 90
0 29.0 92.5 93.0 92.5 92
i5 Sticky 26.0 Sticky 81.5 92.5 91.0 g2
| ° i
| 91.0 93.0
89.0 88.0
*  Swiss holes Swiss holes
O sticky 26.0 sticky 90.5 9.5 88.0 89
90.5 91.5

821 27 750 T 91.529 ©1.382 92.106 92
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Total Scores™

Changes in

Scores Due t¢

0 09 28 02 va

gand Aroma, Body and Texture Flavor and ; Body and
f 2 Aroma : Texture
larified :Unclarifie arified: : : :
1 Month 3 Months 3 Honthsg: 1 XMonth : 3 Months: Month : 3 Mor
ﬁ 93.0 91.0 91.5 0.5 + 0.5 0.0 .C
f $0.0 93.0 92.0 2.0 - 0.5 3.0 - C.£
g 91.0 93.5 93.0 2.0 0.0 1.0 - e.q
; 87.0 92.0 90.5 1.0 - 0.5 3.0 - 1.d
- 89.0 92.5 93.0 0.0 0.0 1.0 . 0.4
é 93.5 93.5 93,0 0.5 - 0.5 1.5 o.é
g 93.5 93.0 $3.0 + 0.5 c.0 0.0 o.%
§ 91.5 $2.5 93.0 0.5 + 0.5 0.5 o.é
? 93.0 93.0 83.0 0.0 0.0 0.5 o.é
 92.5 93.5 94.0 1:0 0.0 1.0 s o0.
90.0 90.5 50.0 + 0.5 0.0 1.0 - o.§
93.0 92.5 92.5 0.0 0.0 0.5 o.é
92.5 " 91.0 92.0 0.5 + 0.5 0.5 + o,é
93.0 + 1.0 1.0 %
89.0 ¢.0 0.0
$C.5 88.C 89.C + 1.0 + 1.0 1.0 0.l
91.5 + 0.5 0.5
91.382 92.106 92.106 - 0.089 4+ 0.072 0.058 - O.







Changes in Scores Due to Clarification

™ &0 b o

%lavor and ; Body and ; Total Score
q? Aroma : Texture : E
Honth : 5 Homths: 1 Nonbh : 5 Honmths: 1 N¥onth: 3 Months:
'fo.s + 0.5 0.0 .0 0.5 + 0.5
?2.0 - 0.5 3.0 - C.5 5.0 1.0
| 52.0 0.0 1.0 - 0.5 3.0 0.5
él.o - 0.5 3.0 - 1.0 4.0 1.5
fo.o 0.0 1.0 + 0.5 + 1.0 0.5
. 0.5 - 0.5 1.5 0.0 1.0 0.5
: 0.5 .0 0.0 0.0 0.5 0.0
é 0.5 + 0.5 0.5 0.0 1.0 0.5
; 0.9 0.0 0.5 0.0 0.5 0.0
? 1.0 0.0 1.0 + 0.5 + 2.0 0.5
: 0.5 0.0 1.0 - 0.5 1.5 0.5
0.0 0.0 0.5 6.0 : 0.5 0.0
- 0.5 + 0.5 0.5 + 0.5 1.0 1.0
- 1.0 1.0 2.0
0.0 0.0 0.0
; 1.0 +.1.0 1.0 0.0 0.0 1.0
. 0.5 0.5 1.0
- 0.089 + 0.072 C.059 - 0.071 0.147 G.000
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manufacture., This conditlon may have been a factor in
the production of the crumbly and corky condition,

The results obteined in this series show that
elarification caused minor changes in the scores of the
cheese, but the differences between the average scores
of =211 the cheese are too small to be of any significance.

Series 4, Sixteen compsrisons of cﬁeese mani-
fectured from wnclarified snd clarified milk were made dur-
ing the period from June 13 to July 5, 1927, The cheese
were made at the Jowa State College and the scoring was
supervised by Professors W, S. Golding snd E, F, Goss. All
the cheese were scored at the end of sbout one month after
manufzebure, while the cheese in 15 of the 16 compsrisons
were also scored when ecbout three months old, The seores
and criticisms of the cheese are shown_in Table 19,

In the one month 0ld cheese tkhe scores for flavor
and aroma of the clarified miik cheese were higher than
those of the unclarified milk cheese in six comparisons,
lower in five, and unchanged in five. When the scores were
higher with clarification the average increase was 0,75,

and when they were lower the average decrease was 1,10,

Considering all the comparisons there was an average decrease

in the scores fér flaveor and aroma of 0.06, In the three

Y,

months o0ld cheeze the ssores Por flaveor a
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; Flavor and Aroma
: Unclarified Clarified : Unclarified : Clarified
No. : 1 Konth 1 Month : 3 Months : 3 Hontns
;Score; Corment :Score ; Comment;Score ;Comment ;Score ; Comr
613 38.5 38.5 39.0 Fruity  41.0
614 38.5 38.8 41.0 41.8
S1. S1. Si.
€15 38.C Dbitter 38.5 ~ 35.0 Dvitter 40,0 bitge
Sl. s1.
616 37.5 Unclean 37.5 Unclean 40.5 Dbitter 40.0 fruit
617 37.8 Unclean 37.5 DUneclean 41,5 41.5
' S1. s1.
620 38.0 TUnclean 37.5 TUnclean 39.5 unclean 39.0 uncle
Si. Gassy j
621 38.C unclean 36.0 Ditter 38.0 Fermented 38.5 TFerme
Sour TUnclean Unclse
. 622 34.5 gassy 33.0 Putrid. 37.5 bYitter 36.0 vitte
623  40.0 39.0 41.0 41.0 Z
o 31. ]
524 37.0 Fraity 37.0 TFruity 3.5 fermented 406.C Cleen
’ ' S1.
627 36.5 TFruisy 28.0 37.5 Pruity 39.5 f£ruig
14 Very Very ' Pruity Si., |
E 628 33.5 unclean 54.0 unclean 35.5 wuneclean 37.5 fruif
| 628 34.C Putrid 35.0 TUnclean 37.5 Unclean 38.0 bitte
A _ Fruity o ' Sl. |
g 63C 34,5 unclean 35.0 TUnclean 39.0 TUnclegn 38.0 fermq
| 701 33.5 Putria 34.0 Putrid  36.0 Fruity  36.5 Fruit
. 705  37.0 Dbitter 36.5 Sour
| Avg. 36.656 36.594 38.800 . 39.267
* Ineludes cecleor and finish. + = Increzse in s






TABLE 19

Scores and Criticisms of Cheese Made in Series «

Body and Texture

-
-
-
-
(3
-

L3
-

-
-

(X ]

Clerified Unclarified : Clarified : Unclarified :
3 ionths : 1 ¥onth : 1 Konth : 3 Mionths =
Score : Comment:Score : Comment :Score : Comment :Score :Comment :f
1 41,0 27.5 Open 27.5 Open 26,0 Feak
Swiss Swiss
41.5 27,5 holes 27.5 holses 26,5 Open
S1. Swiss Swiss - Swiss
40.0 Dbitvter 27.0 holes 27.0 holes 27.0 holes
! Si. Swiss Swiss
| 40.0 fruity 27.5 holes 27.5 holes 28.5 ¥eak
| Pasty Pasty Swiss
| 41.5 26.5 gassy 26.5 gassy 27.5 holes
: sSi. Sl. corky Very Swiss
- 59.0 unclean 26.5 very open 27.0 open 28.0 holes
! Ges holes
. 38.5 Termented 27.0C 26.C me2ly 27.0 Pasty
? Unclean Corky Very corky
' 36.0 bitter 24,0 very open 23.0 very open 24,5 (Cassy
£ 41.0 28.0 27.5 27.0 Vesk
{ Swiss holes Pasty Many
| 40,0 Clesan 27,0 7rubbery 27.C open 26.0 holes i
Sl. '~ Swiss holes .
| 39.5 fruity 27.0 rubbery 27.5 Open 25.5 Weak :
: Sl. :
- 37.5 fruity 25,5 Open 26,5 Open 25.5 Wezk
 38.0 Dbitter 26.5 Open 26.5 Open 25.5 Gassy
' Sl. Very Corky !
39.C fermented 26.5 open 26.5 open 26.0 OCassy :
Pasty Pasty Gassy ‘
36.5 Frulty 25.5 open 25.5 open 25.0 ©pasty
27.0 Pasty 27.0 Fasty
- 39.267 26.719 26.625 26,233 i

. ‘nerease in score.

- = Decrease in score.






'ﬁe in Series 4.

. tbure ) ;; Total Scores™
élarified . Clafified:t . For Flavor and Aroma, Body and Textu
{3 Months : 3. Months @ : : :
T : R — ¢ Unelarified:Clarified :Unclegrified:Clar
*e_:Comment :Score :Comment: 1 ¥onth : 1 Honth : 3 Xonths : 3
éo Feak 28.0 | 91.0 1.0 90.0 9
.5 Open 27.0 91.0 61.0 92.5 9
; Swiss Swiss
10 holes 27.0 holes §0.0 G0.5 91.C £
5 Teak 26.0 Weak 90.0 90.0 92.0 9
i Swiss Swiss
}5 holes 27.5 holes 89.0 89.C 94.C *]
I Swiss . Swiss
»O holes 28.0 holes 89.5 89.5 92.5 i
i !
}O Pasty 27.0 Pasty 0.0 7.0 80,0 gl
\5 Gassy 24.0 Gassy 83.5 81.0 87.0 g
10 Weak 27.0 Weak 93.0 91.5 - 93.C g
| Many Many _ )
;0 holes 26.0 holes 8¢.C 8e.0 20.5 %
| : %
.5 Weal 27.5 Weak 88.5 90.5 88.0 g
15 Heek 26.5 Open 85,0 85.5 86.0 é
|
.5 Gassy = 26.0 Open 85.5 86.5 88.0 g
.0 Gassy 26.5 Gassy 86.0 86.5 90.0 q
. Gassy Gassy i
.0 pasty 25.5 pasty 84,0 84.5 86.0 8

89.0 88.85

- .233 26.633 88,375 88.219 80,033 g
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- res¥ ; Changes in Scores Due to Clar:
'Q%Body and Texture ' Flavor and Body and E
! : : Aroma : Texture :
nclarified:Clarified: : : : :

3 Months : 3 Nonths 1 Month  : 3 Months : 1 Honth : 3 Months : 1 I«
f 90.0 94.0 .0 +2.0 0.0 +2.0 C
| 92.5 93.5 0.0 + 0.5 0.0  + 0.5 ¢
g 91.0 g2.0 + 0.5- + 1.0 - 0.0 0.0 + (
- 92.0 91.0 0.0 - 0.5 0.0 =~ 0.5 C
§ 94.C 94.0 0.0 C.0 C.0 0.0 (
g g2.5 92.0 - 0.5 - 0.5 + 0.5 C.C (
?VQO.G 50.5 - 2.0 + C.5 - 1.0 c.0 -3
? 87.0 85,0 - 1.5 - 1.5 - 1.0 - 0.5 - ?
- 93.0 93.0 - 1.0 .0 - 0.5 0.0 -1

'5 90.5 91.0 0.0 + 0.8 0.6 0.0 é
| 88.0 92.0 + 1.5 + 2.0 + 0.5 + 2.0 + é
| 86.0 §8.0 + 0.5 + 2.0 0.0 + 1.0 + é
88.0 - 88,0 + 1.0 + 0.5 0.0 + 0.5 +
 90.0 90.5 + 0.5 0.0 . 0.0  + 0.5 + é
86.0 §7.0 + 0.5 + 0.5 C.0 + 0.5 + é

- 0.5 0.0 - é

80.033 90,900 - 0.062 + C.467 - 0.094 + 0,400 - ¢

2 e e a4 S bt cn mt e £ e -

f 2 T






Changes in Scores Due to Clarification

d ; Body and ; Total Score ;
! : Texture : :
§5 ¥onths : 1 Honth : S Honths § 1 ¥onth i 3 ¥onthe ;

+ 2.0 C.C + 2.0 0.0 + 4,0

+ 0.5 0.0 + 0.5 0.0 + 1.0

+ 1.0 0.0 0.0 + 0.5 + 1.0

- 0.5 C.O - 0.5 0.C - 1.0

¢.0 0.0 0.0 .0 C.0

- 0.5 + 0.5 0.0 0.0 - 0.5

+ C.5 - 1.0 0.0 - 3.0 + 0.5

- 1.5 - 1.0 - 0.5 - 2.5 - 2.0

C.0 - 0.5 0.0 - 1.5 0.C

+ 0.8 0.0 0.0 C.0 + 0.5

+ 2.0 + 0.5 + 2.0  + 2.0 + 4,0

+ 2.0 0.0 + 1.0 + C.5 + 3.0

+ 0.8 0.0 + 0.5 + 1.0 + 1.0

C.0 . 0.0 + 0.5 + 0.5 + 0.5

+ 0.5 0.0 + 0.5 + 0.5 + 1.0

0.0 -~ 0.5

+ 0.46%7 - 0.094 + 0.400 - 0.156 + 0,867
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clarified milk cheese were higher than those of the un-
clarified milk cheese in nine comparisons, lower in three,
and unchenged in three. When the scores were higher

with clarification, the average inecrease was 1.06, and
waen they were lower, the average decrease was (.83, ¥When
all the comparisons are considered, there was an average
increase in the scores for flavor and arcma of 0.47.

In the cne month ¢ld ckheese, the scores for body
and texture of the clarified mllk cheese were higher then
those of the unclarified milk cheese in twe comparisons,
lower in three, gnd unchanged in 11, Fhen the scores
were higher with clarificstion the gve"age increase was
C.50, =nd when vhey were lower the aversgs decreése was
0.83., Comsidering 2ll the comparisons there was an aver-
age decrease in the scores for body and texbure of 0.09.

- >

In the three months old cheese the scores for body znd

texture of the glarified milk cheese were higher than those

of the wmelerified milk cheese Iz seven comparisons, lower
in two, and unchanged in six. Then the scores were higher
with clarificaticon the aversge inecrezse was 1,00, and

when they were lower, the average deerease was J.5. Con-
sidering all The comparisons, there was an average increase
in the scores for body and texbture of G.4C.

The averages of the total scores shwow that clari-

"



tion caused an lmprovement of 4£.00 irn two comparisons,

fication resulted in a decrease in the scores of the
one month old cheese of 0,16, and an increase in the
scores of the three months 0ld cheese of 0.87.

The cheese 1In this series were made from milk
which caused gas holes in the curd, Althoﬁgh e vigorous
starter was used, pinhecles were nearly always noticeshle
in the curd during matting. The number and size of holes
in the curd from the unclarified mllk were praétically
identical with those in the curd from the clarified milk,
The results show that clarification geused increases and
decreases In the scores similer $o those in the scores
of the cheese In the previous three series. The grestest
variation in the scores for lavor and aroma and for body

and texture was 2,00, while in the Botal scores clarifice-

and of 3,00 in one comparison. GClarification seems to |
have effscted a more no ieeaole improvement in the quality
of the three months old cheese in this series thar in

the previous three series, All tne milk used for the
c&eese'in this series wss studied on the basis of the
changes shown by the methylene blue test and was also
examlned by the plate method for thzs numbers cf backeria !
present, An attempt to correlate the scores of the cheese
with the numbers of bacteria present in the uncl *fied

and clarified milk will be made in 2 labter discussion,
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The results of this series of compsrisons show

that clarification caused increases and decreases in the
secores for flavor =nd aroms snd body and texture. No

significantly large increases or decreases occurred, dbub

the gresitest constant imorovement seems to have been in

T T

the three months old cheese. The average 3increase of
all the scores of the three months old cheese is not

large enough, however, to signify that any marked improve-

ment took plamee.

Summary of the scores of echeese in series 1 to 4,

The sumzary of the results obtained in the 67 comparisons
of cheese made from unclarified and clarified milk, pre-
senbed iun Table 20, shows that clarification caused ine

creases and decreases in the total scores of the cheeseo,

wnile in a number of comparisons there was no change., An

Inceresse ocourred more frequentlw then o dosrezse.

R 24
- e NPNS de

i In the one month old cheese ¢larificstion re-
: sulted Izn an increase In the avera ge score for fiavor
and aromz of all the cheese of 0,07, while in the three

s 0ld cheese it resulied in an inecrezse of 0.41.

oy

mont
In the one month 0ld cheese ¢larifization caused

no change in the aversge secere for body and tezture of

2ll the cheese while in the threec months 0ld cheese it

resulted in an ineresse of 0.15.

Wha

i3

the tobal sco




; Flavor and Aroma
;Unclarified ;Clarified ;Unclarlj
: 1 Month : 1 Month : 3 Montl
: Avg. Score ;Avg. Score ; AVZ. St
Series 1 37.125 37,300 36.09(
i 2 - ‘ 37.950 38,300 37 .50¢
" 3 39.265 39.178 359.28!
" 4 36.656 36,594 38,80
Total Scores, Series 1 742.5 746.0 794.C
Kumber of Ccmperisons 20 0 22
Total Scores, Series 2 375.5 383.0 379.0
Humber of Comparisons : 10 10 10
Totel Scores, Series 3 667.5 666.0 550.0C
Number of Comparisons 17 17 14
Total Scores, Series 4 586.5 585.5 582.0 |
Number of Comparisons 18 16 15
Avg. of all Comparisons 37.71 37.78 37.78!

i
{
i

= Increase in scor

RSB
+

Decrease in scori
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TABIE 20

Summary of Scores of Cheese Series 1 to 4

Body and Texture

2 :

arified:Clarified :Unclarified :Clarified’  :Unclarified :Clari
onths : 3 Months : 1 Month  : 1 Month : 3 Months : 3 Mo
L Score;Avg. Score : Avg. Score ;Avg. Score : Avg. Score ;A#g.g
1090 36.818 25.300 29,225 29.000 29,
.900 37.950 26.900 27,300 27.30C 27.
.285 39.357 27.264 27.206 27.821 27.
-800 39.26Y7 26.719 26.625 26.233 26.
.0 810.0 586.0 584.5 638.0 638.
! 22 20 20 22 22
.0 379.5 269.0 273.0 275.0 277.
| 10 10 10 10 10

.0 551.0 463.5 462.5 389.5 388,
| 14 17 17 14 14

.0 589.0 427.5  428.0 393.5 399.
| 15 18 15 15 15

.78 38.1% 27.72 27,72 27.77 27.
core.




-
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! Average Totsl Scores :
t s For Flavor and Aroma, Body and Texture, :
gified : Color and Pinish :
f M : : . H
fonths :, Unclarified : Clarified : Unclarified : Clarified :
| Score : 1 Month + 1 Month + 3 Months : 3 Nonths : 1 1
1,023 91.425 91.525 90.09 90.84 +
1.700 89.850 90.600 - 90 .200 80 .650 +
1,750 91.529 91.382 92,106 $2.106 - (
1,633 88.375 88.218 90.033 © 0,900 -«
i
5 19828.5 1830.5 1682.0 1998.5
20 20 22 22
.0 898.5 906.0 $02.0 906.5
10 10 10 10
.5 1558.0 1553.5 1289.5 1286.5
17 7 14 14 |
.5 1414.0 1411.5 1350.0 1363.5 ;
18 ) 15 15 g
90.43 $6.50 90.55 90.11 + ¢







t

Changes in Average Scores due to Clarificatic

s 43 ¥4

Te,

s on

Flavor zsnd Aroms Body and Texture ; Total Scol
| Glarified : : : : :
. 3 Months = 1 Month : 3 Months : 1 Month : 3 Months : 1 Month : &
§ 20.84 + 0.175 + 0.727 - C.078 + 0.023 + 0.100 4
: $0.850 + 0.350 + C.050 4+ 0.400 + 0.400 + 0.750 4
: $2.106 - 0.089 + 0.072 - 0.059 - 0.071 - 0.147
| 1998.5 | -
| o2 o
' 908.5 ;
: 10 |
| 1289.5 4
14
136505 X 3
15 !

90.11 + 0.07 + 0.41 0.00 + 0.15 + 0.07







]
¢
{
i
1

" : Time in Total Scores :
iverage Scores due to Clarification : Gue to Clarification :
| : , : R :.
i Body and Texture : Total Score : 1 Honth  : 3 Months :
| : et o 0o of o0 of
! - . T e e N . e Ele W . O B0s
{ - - » - t d - ' m. c - 'd * ‘ d - gb
! : : : ) :Q@:O@:EG!CQ}:OO:SGI
41 Month : 3 Months : 1 Month : 3 Months :75 .2 5.F&.FE F 5, F g,
F - 0075 +0.023  +0.,100 +0,95 11 8 1 14 5 3
; + 0,400 + 0.400 + 0.750 + 0.45 7T 3 0©0 & § 0
i - 0,088 -« 0.071 - 0.147 0.0 10 & 2 6 5 3
. - 0.089¢ 4+ 0.400 - 0.156 + 0.867 & 4 6 10 3 2

G.CO + 0.15 + 0.07 + 0.56
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comparisons are considered clarificesbtion caused gn inecrease
in the average score of the one month 0ld cheese of 0.07
and in the three months cld cheese of 0,586,
Series S,
A. If the clerifier is bto improve the
guality of milk bacterioclogically, it must remove undesir-
gble bacteria from the milk and deposit them in the slime.

In order to determine the effect of bthe a2ddition of the

slims obtained from 40 gallons of nillr £c 20 gallons of
clarified milk on the quallty of cheese obitzained, in com-
parison with the guality of ckeese obbtained from unclarifled
milk of the same lot, six btrials were made. The resulbs
obtained are shown in Tabie 2,

In the one month old cheese the acddition of the

slime caused sr incresse in the scores for flavor and sroma

« Ths

[

in one and g deeresse in five of the six comparison
increase In the score wher 1% was higher with the added
siime was 0,50, and when there was = decreass,; the average
reduection was 0.80; when 211 the compsrisons sre considered
there was an average reduction of 0.58., In the threc months
0ld cheese the addition of glime caused 2 decrease in the
scores for flavor snd aroma in four comparisons, while in

two they were unchanged. The average decrease when the

secores were lowered was 1.25, and when 21l the comparisons
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[ XX ]

Includes color and finish

—

——

Increase

Decresase

in score

.
i SCO

; Flavor and Arc

:  added : 1 Month :

i No. Material : : Cierified and :
5 : : Unclarified :_Added Material : 1
; ;Score : Comment ;Score : Comment :3«¢
420 Slime 41.0 40.0 Sl.sour ¢

Acid
422 Slime 39,0 38.0 Dbitter .
Fermented Fermented
423 Slime 37.0  burnt 37.5 Dburnt ¢
629  Slime 34.0 Putrid 33.0 Putrid :
‘ Unclean Unclean
630 Slime 34,5 fruity 34.0 fruity :
701 Slime 33.5 Putrid 33.0 Putrid ;
Average of -

6 Cormparisons 36,500 35.917 ;
522 Alkeli former 34,5 Sour 34.5 Sour
623  Alkali former £0.0 37.0 Uncleam |
624  ilkali former 37.0 PFruity 36.5 Fruity
Fruily :
627  Alkali former 36.5 - Fruity 36.0 unclean !
, Very Very :
628  Alkali former 33.5 unclean 33.0 unclean g
Average of i
5 Comparisons 36,30 35.40 |






: TABLE 21

Scores and Criticisms of Cheese in Seri

- " ror and Aroms

s 0 o0

| : 3 Months : 1 Honth
[ and : : Clarified and : : Clar
;erigl : Unclarified : Added ¥aterial : DUneclerifiled : Adde
;mment :Score : Comment :Score ; Comment :Score : Comment :Score
‘sour 40.0 39.5 28.0 27.0
id sS1.
ster 39.8 38.0 fruity 27.0 25.0
rmented ' S1. ‘
mb 40.0 38.0 Bitter 26.0 crumbly 27.5
irid 37.5 TUnclean 37.5 Unclean 26.5 Open 26.0
slean Si. Very |
11ty 39.0 TUnclean 38.0 fermented 26.5 open 25.5
. Pasty |
;rid 36.0 Frulty 36.C Truity 25.5 open 25.5
: |
38.667 37 .833 26,583 26.0
Cerky ?
i 37.5 TUnclean 37.C Uneclean 24.0 open 22.G
lean  41.0 40.0 28.0 26.5
§ Si. Ritter Swiss holes ‘
ity 39.5 fermented 37.5 fermented 27.0 rubbery 27 .0
ity . S1.- Swiss holes ;
rlean 37.5 Fruity 58.5 bitter 27.0 rubbery 27 .0
Yy
tlean 35.5 Pruvity 35.5 Fruity 26.5 Open 26.5

38.20 . 57.70 26.50 26.2

e Fiana g Wi s sn oy






'se in Series 5.

 Body snd Texture :
1 Month R 3 Months :
; : Clgrified and : r Clarified and :
i :_Added Material : Unclarified : Added M¥aterial :Unclsri
snt_ :Score : Comment : Score : Comment : Score : Comment : 1 Xor
| 27.0 Sl. corky 28,5 27.5  Sl.mealy  92.0
; - Crumbly
; 25.0 corky 27.5 Si. meely 27.0  Sl. mealy 91.0
¥ 81,
[ -
1y 27.5 crumbly 27.5 Sl. mealy 27.0  Fealy 88.0
i Open
i 26.0 pasty 25.5 Gassy 25.0 Gassy 85.5
i S1l. corky
§ 25.5 open 26,0 Cassy 26.0 Gassy 86.0
f Pasty : Gassy Gassy
: 25.5 open 25.C pasty 25,0 pasty 84,0
26,083 . 26.687 £6.250 88,0t
‘ Cofkyl :
: 24.C  open 24.5 Gassy 24.0  Cassy 83.5
. 26.5 Pasty 27.0 Sl, weak  27.0  Sl. weak  93.0
} holes Cpen : ;
ry £7.0 pasty 26.0 Swiss holes 26.0 Swiss holes 86.0
3 holes - Swiss hales - Gassy |
2wy . 27.0  rubbery 25,5 TWeek 25.5 iumpy 88.5
26.5 Open 25.5 Teek 26.5  COpen 85.0
26,20 ™ 25,790 25.80 87.8




.




: : Total Scores ® :
For Flavor and Aroms, Body and Texturs .
Fied and : sClarified and :Un- :Clarified and :
' ¥aterial :Urclerified: Adcded ¥esterlal:clarified:Added Xaterial:Plan
: Comment : 1l Xonth : 1 ¥omth  : 3 Honths: 3 Nombhs il kK
| Sl.meely  94.0 - 92.0 95.5 92.0 - 1.
' Sl. mealy 91,0 88.0 92.0 $C.0 - 1.
| ealy g8.0 0.0 92.5 90.0 s+ 0.
. Gessy 85.5 82.0 88.0 87.5 -1
| Gassy 86.0 82,5 - 90.0  89.0 -0
| Gassy _
i pasty 84.0 83.5 g6.0 88.0 -0
50 88.083 87.000 90.333  89.083 -0
. Gassy 83.5 83.5 87.0 86.0 o
i i
. S1, weak  93.0 88,5 93,0 §2.0 -3
Swiss holss 89.0 88.5 00.5 88.5 -4
Gassy
Iumpy 88.5 88.0 . 88.0 °  ©9.0 -0
Open 85.0 84,5 . 86.0 87.0 -

- S o B

0 87.80 86.60 88.90 88.50 -







.Differences in Scores of Clarified ¥ilk
Cheese as Compared with Unclarified
¥11% Cheese

o I

‘Eexture
tarified and

P e d W e
.'Jde‘al ;\:auerial

Flavor and Lroma:Body and Texture

e

- Total Score

L

> - -

46 ¢4 o8 48 o8 s o»

1 MNanth:3 Months:1 Month:3 Nonths:l Month:3 Xonths

;3 Konths :
f 92.0 -1.0 - -0.5 =1.0 - 1.0 -2.0 -1.5
f 0.0 « 1.0 =1.5 ~2.0 =05 < 3.0 -2,
'i 80.0 .+ 0.8 - 2.0 + 1.5 - 0.5 + 2.0 - 2.5
§ 87.5 - 1.0 0.0 = 0.5 = 0C.5 =~ 1.5 =~ 0.5
§ 89.0 - 0.5 -1.0 =~ 1.0 0.0 - 1.5 1.0
§ 85.0 - 0.5 0.0 0.0 0.0 - 0.5 0.0
f 89,083 -~ 0.58 - 0.85 - 0.5C - 0.42 - 1.08 = 1.25
. 86.0 0.0 -0.5 0.0  -0.5 -0.0 1,0
5200 - 3.0 1.0 - 1.5 0.0 =4.5 - 1.0
88.5 - 0.5 -2.0 9.0 0.6 - 0.5 - 2.0
89.0 - ~0.5 4 1.0 0.0 - 0.0 - 0.5 + 1.0
87.0 - 0.5 C.C 0.0 + 1.0 -0.5 4+ 1.0

R e A b A P i
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are considered there was an average reduction of 0.83.

In the one month old cheese The addition of
siime caused an increase in the score for body and
texture in omne comparisen, a decrease In four, while in
one there was no change. In the comperisom where there
was an inerease, it was 1,50 and when there was a decrease
the average was .12, while when all the comparisons are
considered, there was an average decrease of 0,50, In
the three months o0ld cheese the addition of slime csussed
& decrease in the scores for body and texture in four
comparisons, while in two there was nc change, The sversge
decrease when there was a reduction in the scores was
'0.62, wnile when all the comparisons are considered there
was an average decrease of 0.42..

The total scores show Tthat the addition of siime
caused in the one month cld cheess sn average degrease of
1.08, 2nd in the three months old cheese an average de-
crease of 1.25,

The results show that thé addition of slime o

clarified milk caused, in nearly sll comparisons, a2 de=.

crease in the scores for both fiavor and aroma, and for
body and texture in the one month old and Three months

0ld cheese when these are compared with the scores ob-




tained from cheeose made frox unclarified milk of the
same lob,

Be The results obbained in the study
of the types of bacteria present in unclarified milk end
in the clarifier slime obtained from it, which are showm

in Part 1, Indicate that the glk=Ii forming baeteria

are the cnes which are measursble removed by the clari-

A study was made of the effeect of the addition

LY

of one per cent of a pure mllk culture of an alkall
Tormer to f£ive batches of clarified milk on the quality
of cheese obtained, in couparison with cheese cbbtained
froz unglarified milk of the same lob, The data obbained

are presented Iin Tabls 21,

E"l
.37

one month old cheese the addition of the
alkzll former cazused = decresse in the .scores for fiavor
and sroma in four comparisons while in one there was no

change. Wnen thers was a decrease the dverage reducti

- was 112, while when 211 the comparisons are considered

- there wes gn sverage decrease of 0,90, In the three

émonths cld cheese the added organisms caused an increase

in the score in one comparison, 2 decrease in three, while

- in one there was no change, In the compariscn when bthere

- was an increzse in the score This was 1,00, and vhen thers

ey g A A e S A AR g it L AP S e A8 S s
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was a decrease, the average reducticn was 1.i7. Consider-
ing =il the comparisocns, there was an average reduchtion
in the scores of 0.50.
Ir the one month old cheese the added bacberia
aused a decrease in the scors for boldy and texturs in one
comparison, while in four there wss no change. The Je-

erease in the score in the oane comperison was 1.850, while

wnen 2il the comparisons gsre comsidered there was an aver—

age decrease cf 0,30, In Tthe three months 0ld chesse the

and texbure iIn one comparison, 2 Gecrease in ome, while

in Shree there was no change. Tae Increase was 1.00; and

ths <ecrease 0.90. Vhen all the comparisons are considered

there wes an awerage insrease of 0,10, |
The toval sceres show that in the one ponih old

chesse, the 2aded organisms caused an sverage decrssse 1In

21l the scorss of 1,20, and in the threc monbhs old cheese

an average decrszse of 0.40. §

- o n F- - f
the addition of one per cent of 11k culture of a2lksli 1
Torming bacleria to clarifled milk caused, in gensrai, &

smzll decreese in The scores ¢f the cheese when these sre :

-

gompared with The scores obtzined for sheese made from




B. Bacterlological 3tudies

i, Influence of clarificstion of milk on

the numbers snd tyoves of bacteris present in cheese.

Mive different lots of chicese were exaxined for the

-

numbers and types ¢f bacteris present and the findings
compared with the results obtained from the scorings.

In one comparison cheese were made from mmelari-
Pied znd clarified milk of the same lobt, in another from
unclarified milik, clarified milk, and clarified milk
contzining no starter, wkhile in bthree unclisrified milk,
ied milik containing added silime
were used. Table 22 glves the numbers of bacteria and

P

the percentages of the varicus types present in the

ghegse vwhen 1% was about one month and also when sbous

In the one month old chesse clarification
caused an increase in the number of bacteria present in
one comparison enf a decrezse in four, while in the threse
month‘old cheese clarpification caused ax increase in the
nunber of bacteris present in four couparisons and a de-
grease in cne.
in the one month 0ld cheese the nuwmber of bacteria
ver gram iIn the cheese made from unclarified milk ranged

Irom 1,678,000 to 20,742,000, =nd in the cheese made from
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Infiuence of Clarificstion on the Numbers anc

fNo. ; ; One Month
: : Becterla :Increase Over Uncleri-:incresase
: : per Gram :fied in Percentage :to Clari
U.* 1,678,000
Cl.”™ 4,326,500 157.8 -0
U. 3,492,800
Ccl. 1,781,000 - 49,0 -5
Cl.(No starter) 36,658,000 949.6
U. 17,319,000 " |
cl. 7,207,000 - 58.4 -3
U, 8,920,000
Cl. 5,701,000 - 17.7 -4
Cl. end Slime 6,250,000 S.7
T. 20,742,000
C1i. 2,335,000 - 88,7 + 1
Cl. and Slime 2,742,000 - 86.8
: : P
H H Acld :
: : Coaguiators :Non-coaguliators: Inert
: : 1 Mo.: & HOS: I MO, :0 HBOS.: I W0. : o |
T, 18,0 60.0  70.0 40,0 10.0 é
Ci.” " 8.0 86.0 84.0 32.C 8.0 2
T. 10.0 70.0 70.0 30,0 20.0 g
Cl. 22.0 78.0 72.0 22,0 4.0 3
Ci.{No starter) 12,0 58.0 26.0 40.C 2.0 ;
Uo 8‘0 84."-0 84.0 16.0 400 {
cl. 6.0 90.0 0.0 10.0 4,0 |
"Cl. and Slime 16,0 S82.0 62.0 8.0 12.0 |
T. 14,0 56.0 86.0 44.0 §
¢cl. 36.8 90.0 59.2 8.0 ;
Cl. and Slime 16.0 68.0 84.0 32.C i
U. 82.0 $0.0 18,0 6.0 4
Cl. 70.0 78.0 28.0 22.0 ]
Cl. and Slime 42,0 82,0 56.0 16.0 2.0 2,
Unclarified |
*¥ Clariried |
j;
]
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: \
rs and Types of Bacteria Present in Cheese.
"

|

e

S w— =

(L4

| ____Three Months
. erease in Scorelue: Bacteria :Increase Over Unmeclari-:Iincregse in Score.
.. | Clarification : per Gram :fied in Percentage :Due to Clarification

i
i
i
[

1,100,000 R
- 0.5 2,951,000 168.3 + 0.5
3,268,000 ‘
- 5.0 6,720,000 105.6 - 1.0
10,748,000 : 228.9
8,450,000 -
- 3.0 10,840,000 28.3 - 0.5
6,806,000 - 19.5
4,182,000
- 4,0 20,770,060 396.6 - 1.5
~ 7,039,000 68,3 |
¥
5 12,150,000
! 7,096,000 - 41,6
i Percentage -
! : : Peptonizers
nert :Alkell Formers: Neutral : Acid i £lkall
.+t 3 Wos.: 1 Mo, :5 MoS,: L B0, :& Mos.: 1 BO, O H0S. : 1 HO.:5 HOS.
: 2.0
: 2.0
|
; 2.0
60.0 2.0
- 4.0
- 10.0
4.0 2.0
4.0
2.0

2.0







clarified milk contairning slime they ranged from 2,742,000
to 16,380,000, The one cheese made from clarified milk

wilthout sterber contalned 36,858,000,

=
L

Ir thz three months 0ld cheess the number o

bacteria per gram of the cheese made from wnclarified milk

9]

renged from 1,100,000 to 12,150,000, in the cheese mede
from clarified milk from 2,951,000 to 20,770,000, and in

the cheese made from clarified milik contzining siime Trom
8,806,000 to 7,096,000, These gresv &ifferences in the
nurhers of crganisms present in the chesse made from itrested

ané untreated milik may not e azs significanrt as they wonld
J &

o cops e 2t s e aw .
seem, . The dAifficulty with wnich hecterial groups and

during the grinding of the sample may resuli in large errors.

Ordinarily the number of bacteris present In chesse is

guite high, In this study the mumbers present were rels-

would suggest this.

In the one month old cheese the numbers of bacteria

ok Wt

per ceni, as cecumpared with the
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frov ungisrified miik, while in the cheese made from milk




containing no starter there was an Increase of 949.6
rer cent,

In the three months 0ld cheése the numbers of
backeria in the clarified milk cheese exceeded those pre=-
sent in the unclarified.milk cheese from =3l.1 to 395.6
per cent, adding slime to clarified milk caused increases
from -41.6 to 68,3 per cent,; as compared with the baeteris
rresent in the cheese from unclarified milk, while in the
cheese made from milk containing no starter there was sn
incresse of 228,90 per-cent.,

In the one month o0ld cheese clarification caused
an inerease In the Tobtal score in one comparison and a
decrease in four, In the compérison when bhere was an ine-
crease in the nmumbers of bacteria there was s decrease in
ths score. 1o the comparisca where there was the greatest
degreasse in.nﬁmbers of backerla there wzs an ineresse in
the score, An inerease or decrease in the numbers of bac~
terla did not cause a similiar increase or decrease in ths
total secore. -

In the three months old cheese clarification
caused an inerease In the total seores in two comparisons
and a décrease in three. An increase or decresse in the
numbers of bacteria present did not regularly csuse a
corresponding increase or decrease in the scores of the

cheese,
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The results of a study of the effect of
clarification of milk and the addition of sline to clari-
fied milk on the types of bacteria present in the cheese
show that in both the one month and three months old
cheese; with the exception of that made from clarified
milk containing no starter, the acid forming groups cou-
stituted the masjority of the organisms present; these
groups were slways present in the cheese made from une-
clarified milk, clorified milk, and clarified milk econ-
taining added slime; sometimes there was an inoresse and’
sometimes 2 decrease in these groups as & result of treat-
ing the milk, The alksli Tormers and neutral peptonizers
were entirely absent. In some of the comparisons the
one month old and the three months o01ld cheese contained
small numbers of inert and acld peptonizers., The one
month old cheesze mede from clarified milk conbaining no
starbter contained a large percentage of acid peptonizers,
while the three months o0ld cheese showed a flora which
was siﬁilar- to that of thse cheese‘maée from the unclari-
fled and clarified milk of the same lot,

. In summarizing these resulbs, it would appesr
that cliarification of milk and the addition of slime to
clarified milk had no specific influence on the numbers

and types of baeteria present in the cheese, and that an




increase or decrease in the numbers of bacteria present
in the cheese obtained from the treated milk as com-
pered with the numbers present in the cheese from the
untrested milkk of the same lot &id not result im a cor-
responding constant incresse or decreasc in the tobtel
scores of the cheecse.

2+ Relation between the numbers of baeteria

present in wmclarified and clarified milk end the queliby

of cheese obtained. In order o determine the relatiom

between the numbers of bacteria present in the unclarified
and clarified milk used and the guality of the cheese
made,; 28 comparisons wvere made. The cheese were madg dure
ing the period May to July 1927, inclusive, and the secores
obtained are shown in Tables 18 and 19.

» Pable 23 shows the plate counts of the milk
used, the percentage change in nwmbers due to clarification,
and the inerease in the tofal scores of the cheese caused
by clarification. The counbs of the unclarified milk
ranged from 20,900 to 15,010,000 per cc., Clarification
caugsed an inerease in the bacterial coumt in three trials
and a decrease in 25. The increases in the counts varied
from 5.0 to 23.8 per cent and averaged 11.8 per cent,
while the decreases varied from 53 Lo 53.1 per cent and

averaged 26,1 per cent, Gonsidering the 28 comparisons,




TABLE 23

Relation Retween the Numbers of Bacteria Present
In Unclarified and Clarified Milk and the Quality
of Cheese Obtained,

' 3 : s Increase In Total Score

$ H : Percentage tdue to Clarification
Number Unclarified ! Clarified : t : :

: : tIncreasse:Decrease: 1 Month : 3 Months
512 20,900 19,800 6.3 1.0 - 0.6
513 530,000 486,000 8.8 0.6 0.0
514 450,000 260,000 28.6 . 1.0 0.5
516 710,000 , 530,000 25,4 0.5 0.0
521 11,470,000 9,480,000 17.4 2,0 0.5
523 11,400,000 9,160,000 19.7 1.8 - 0,6
528 1,160,000 - 880,000 24,1 0.8 0.0
606 200,000 210,000 5.0 1.0 1.0
607 63,000 78,000 23.8 . 2.0 -
608 1,080,000 590,000 45.4 0.0 -
609 1,220,000 745,000 58.9 0.0 1.0
611 1,810,000 1,360,000 24,3 1.0 -
613 490,000 360,000 26.5 0.0 4.0
614 260,000 190,000 26,9 0.0 1.0
6156 137,000 119,000 13.1 0.5 1.0
616 114,000 107,000 6.1 0,0 1,0
617 3,290,000 2,630,000 20.1 0.0 0.0
620 2,480,000 2,340,000 5.6 0.0 - 0,6
621 15,010,000 7,620,000 49,2 - 3,0 0.5
622 560,000 400,000 28,6 - 2.6 - 2,0
623 8,180,000 65,340,000 34,7 “ 1,6 0.0
624 4,200,000 2,000,000 52,4 0.0 0.5
627 1,490,000 820,000 45.0 2.0 4.0
628 2,210,000 1,635,000 26,0 0.6 3.0
629 1,960,000 2,090,000 8.6 1.0 1.0
630 1,170,000 980,000 16.2 0.5 0.5
701 . 875,000 410,000 53,1 0.6 1,0
705 11,800,000 10,600,000 10,2 - 0.8 -



there was an average decrease of 22,0 per cent as g re-
sult of'élarification. The results are comparable with
those obtained im Part I, vhere clerification csused in-
creases and decreasss in the counts, s decrease being
caused more often when the number of bacteria Der CC., X~
ceeded 100,000.

with the smallest incresse in bacterial count,
as a result of clérification, there was an increa:é‘in
the botal score of the one month old cheese of 1,0, and an
increase in the total score of the three months old cheese
of 1.0. With the largest increase in the count, there
was an increase in the total score of the one month old
cheese of 2,0. The three months old cheese in this com-
parison was not scored.

%ith the smaiiest decrease in the bacterisl
eovnt,y as a resuld of clarification, there was an inmcrease
in the total score of the one month old cheese of 1.0,
and a decrease in the total score of the three months old
cheese of 0.5, With the largest decrease in the count,
there was an increase in the total score of the one month
0ld cheese of 0.5 and zn ircresse in the tobtal score of
the three months clé cheese of 1.C.

¥hen 211 the compariscons are considered, thers

was an average increase in the total score of tThe one
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month old cheese of 0.23 and an increase in the total
score of the three months 01d cheese of 0.60.

Comparisons Nos. 613, 627 and 628 show the
largest increase in the total score of the cheese and
clarification caused a decrease in numbers of bacteria
in the milk used of 26,5, 45.0, and 26.0 per cent, re-
spectively. Compariéons Hos. 621 and 622 show the largest
decreases in the total score of the cheése and iIn these
clarificastion caused a decrease in the numbers of bacteria
in the milk used of 42,2 and 28.6 per cent, respectively.

These results show that increases or decreases
in the numbers of bacteria pressent in the milk as & re=
sult of elarificatiorn 4id not have definite effects on the
score of the cheese.

3: Influence of slarification on the results

obtained by the methylene blue test and the fermentoition

test., 411 the milk used for the cheese made during the
periocd, May to July IO27, inclusive, was studied from the
standpoint of the inflinence of clarification on the rosulbs
obtaineé by the methylene blue reduction test and the
fermentetion test. Table 2 4 shows the data obtained im
the 28 comparisons.

The time required to decolorize the methylene
blus with the umelarifisd milk varied from 20 to 385

minutes and with the clarified milk from 35 to 385 minubes.
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In ten comparisons clarificaetion csused no change in
the reduction time, while in 18 it caused an increase.
The ircreases varied from five teo 60 minutes and averaged

27 minutes. ¥hen all the comparisons are considered there

‘was sn gverage increase in the reduction time of 17.5

ainutes.

The time required te decolorize the methylene
blue with the unclarified milk conbaining »starter ranged
from five to 60 minubtes and with the clarified milk cone-
taining starter from 185 to 120 minutes, Olarificeiion
czused an increase in all of the eleven comparisons,

This increasse varied from five to 60 miruites and averaged
16.8 minutes,
The results from the fermentation test show that

the curds obtained from unclarified miik were very similar

X
Q

those obbtained from clzpifisd mliik, This was zlso Tru
where the milk contained sterter,

With the clerified milk containing added alikall
forming bacteriza there was little gifference in the reduc-
tion time 25 compared with the time for the clarified
milk of the same lot, while when slime was zdded %o clari-
fied =1k the.re was g slight decrease in the reduction
time, The curds obbtained in the fermentation test Trom
milk containing alksli formers and slime was very similar

to those cbteined from the unelarified and elsrified milk
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Influence of Clarificatlion on Milk as shown by the
Methylene Blue Test and the Fermentation Test.

Methylene Blue Test : fermentation Test
s tIncrease sIncrease : ! : !
: tin Reduc~-: tin Reduc.; : ? $
No. 'Minutes toition Time: Minutes to ttion Time; Une : t U.+ t Cl.+
;:Decolorize :Due to ¢ Decolorize tDue to : clarified Clarified: S8tarter : Starter
: sClarifi~ 1Clarifi- $ s :
Do °cation ¢t Ued+ ¢ Clo+ tcation H ' s :
:U. . :CLl, *¥*;(minutes):Starter:Starter :(minutes): : : :
ble 385 385 0 Smooth curd Smooth ourd
B1l3d 300 300 0 " " L
514 285 315 30 " " " "
516 300 345 45 " " " "
521 90 90 0 " 1t it n
523 20 35 156 " " " n
28 220 24.0 20 " " " "
606 300 300 0 " " " "
607 360 360 0 S1l. gassy Sl. gassy
608 136 136 0 8mooth curd Smooth curd
609 195 240 45 Sl. gassy 81, gassy
611 160 210 60 " " " "
813 210 240 30 " " " "
614 300 315 15 n " " "
616 330 330 0 Gassy Gassy
816 330 330 0
617 1356 1560 15
620 80 80 30 5] 15 10 Smooth curd Swmooth curd Smoth curd Smooth cwrd
621 45 60 15 10 ]5 5 1" 1t (1] " it 1" 11 "
622 270 300 30 60 120 60 Very gassy Very gassy 81, gassy Sl, gassy
623 75 106 30 25 36 10 S1l., gassy 8l, gassy " " " "
624 150 1656 15 30 46 16 n " " " " " Smooth eurd
627 180 210 30 25 30 B " " " " " " 81, gassy
628 150 180 30 55 60 5 " " Smooth curd " " oo
_629155 185 80 B0 AR B R s oy RN 2. V-0 W Y » RO, PSR,
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620 50 80 30 - B 156 10 Smooth curd Smooth curd Smooth curd Smooth curd
621 45 60 15 10 16 B n " f " t f ] L H
622 270 300 30 80 120 60 Very gassy Very gassy S1l, gassy Sl, gaessy
623 75 106 30 25 35 10 S1l. pessy 51, gassy " " " "
624 150 165 15 30 45 156 " " " " " " Smooth curd
627 180 210 30 25 30 6 " " " " " " 81, gasasy
628 150 180 30 55 60 5) " " Smooth curd " " . “
629 135 165 30 30 45 15 Gassy Gasay Gassy Gassy
630 90 056 5 20 26 5 81, gassy 81, gassy " "
701 270 270 0. 40 80 40 Gassy " " Sl. gassy Smooth curd
705 180 180 0 60 75 15 Spongy Spongy Spongy Spongy
Average 17.56 16,8
622 Cl.+ Alk, Bact, No. 7 800 Gassy
623 " 4 " " "2 108 31, gassy
824 n + 1" 1] i} 1 135 ft "
62\7 L + " n " 28 180 1] 1}
g " 4 " " 20 180 Smooth curd
629 " 4 Slime 120 Gassy
630 " 4+ " "5 51, gassy
1701 11 + ] 150 " "

* U = Unclarified
¥ 0l = Clarified
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of the same lot.

DISCUSSION OF RESULES

Part I

Prom the study of the influence ¢of clarifica-
tion on the number of bacteria in milk it would seem that
the process caused varigble incresses and decreases in
the mmbers present as determined by the plate count,

The increases must have been only apparent since there was
no sontamination from the egulpment used and are accounted
for by the bresking up of dDacterlial clumps and chains by

the clsrifier., The greatest reduction of bacteria generally
occurred witk milk contalning more than 100,000 bzeteria
per cc., and the lowest with milk containing a smaller
number, A reducsd rabe of inflow always resulted in a
reduction in the numbers of bacieria present, the reduction
being generally gresgtest in the milk containing the

lerger number of bacteria.

Corsidering that the viscosibty of milk is quite
high and that there is z Tendency for the fat globuls
clusters to entengle bacterial cells and remove them in
the cream, it would be rsascnable Lo expect considergble
variation in fthe effect of clzrification on the numbers of

bacteria present, The specifie gravity of bacteria, be=-
. S 5

s v airn o g oo as
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cause of their high moisture content, may be neariy

Iike that of milk and for this reason it would be difficult
for the elarifier to remove them in the slime during

the short period of expesure of the milk to the centri-
fugal force. The dsbts seem to imdlcate that with milX con=
taining o lerge number of bacteriz a greaber percentage

of these were removed in the slime than where the milk
contained a small number of organisms; this may possibly
have been due to the presence of a 1arger proportion of
bacterial clumps and chaing than in milk containing fewer
bacteria., Likewise, by increa}sing the length of time the
milk was exposed to the centrifugal foree by decreasing
the rate of iInflow a greater removal of bacteria from

the milk took place than where it was passing through the
clarifier at the normel rate, It should be noted, however,
that even when the rate of inflow was reduced to the vleast
whick was practical, which was one-tentﬁ normal, on an

a2 verage only a2 little over one-half of the total nwumber
of organisms present could be removed from the miik, Such
a reduction would not have much significance from the
standpoint. of numbers removed, but it would have con-
siderable importance if the undesirable organisms were re-

- moved.
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Clarification caused variasble and minor changes
in the types of bacteria present in milk both when a
normal and a reduced rate of inflow was used., The clari~
£ied milk in general always contained the same groups of
bacteria as the mmelarified milk, z2lthough the percentages
varied to some extent. The differences were so smell,
however, that they do not permit of any conclusions re-
garding s selective getion by the clarifier on the typss
of organisms which were present in the milk, as hss besen
suggested by some investigabors.

The summary of the changes shows that in the
major groups there was approximately as offen an inecrease
as a decrease. ‘This was true both with a nrormal and a
reduced rate of inflow, If there had been a selective
actlion by the clarifier certain groups should have showm
either regular increases or decreases, The magnituée
of the average change in each group was so small as to be
within the gxperim.ental error as indicated by the probabls

error of the mean and cannot, therefore, be said %o have

any significance. In only one trial wes more then one-half

of the organisms in a group changed by clarificabion.
A study of the effect of filtration and separa=-
tion of milk on the numbers and types of bacteriaz present

showed that these processes caused both Increases and de=-
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6reases in the numbers of bacteria similar to those caused
by the clarifier., The changes were probably caused by

the breaking up of bacterial clumﬁs and chains by mechanical
aetion and to the elimination of some bacteria by the filter
&loth and sSeparstor Lowle Since only two comparisons Were
made of the effect of separatidn,an‘the types of vacteria
present in milk, the results obtained are not extensive
snough to permit conclusions.

The effect of clarification with normal and re-
dueed rates of inflow on the bacteria in milk was deber=-
mined by the platé method, the methylene blue test, and
the fermentation test. Clarification with normal and
reduced rates of inflow resulted in all comparisoas in de-
ereases in the counts, This agrees with the results ob-
ﬁained in;previous trials wherse the milk used contained
g similar number of bacteria. With the methylene blue
test clarification, both with a normal end a reduced rate
of inflow, caused =m inerease in the reduction time, the
increase being more pronounced with clarlification under a
reduced rate of inflow. The results obtained by the
methylene blue test agreed, in general, with those obtained
by the plate method. The reduction time did not always
seem to be in direct proportion to the number of bacteria

present, as determined by the plate method. Some types




-10C=-

of orgenisms do not reduce methylenme blue as gquickly es
do others. The time of reductlon of methylene blue by
bacteria present in milk would raturally be increased by
the removal of some of the organisms by clarification,

tut the rate of reduction may Te changed onm account of

the removal of a greater proportion of certain types of
bacteris than of others, The fermentation tests showed
thet claprification with 2 rnormal and a reduced rate of
inflow had 1ittle or nc Influence on the occurring fer-
mentatigns. The results obbtaimed in the study of the
gffect of clarification on the types of bacteria present,
indlccbe that clarification had only s ninor effect on the
£lora so 1t would not be expected thatb the fermentetlon
test should show much difference between the curds obtained
from unclarified and clarified milk,

A comparison of the bascteria in the slime and in
the milk from which it was obtained showed that the slime
cdntained e _}.ewer percentage of zcid forming orgenisms and
a larger percentage of alkall formers than did the milk,
The probable error of the mesn seems to indicabe that the
average change in the acld coaguliating group has some sig=-
nificance, while the gverege change of the aikall forming
group has considerable significance. The alkeli formers

were regularly more numerous in the slime than in the mllk.
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In a few trials the slime contained, on a percentsge
basis, about 50 per cent wors aikali formers than the
milk from which it was obtained, while the average of all
comparisons shows that the slime contained 16.8 per cent
more alkali formers them 4id the milk. This suggeshs
that the clarifier might have = selective influsnce on
the alkall forming bacberiz, probsbly beceuse they were
larger or of 2 greater specifie graviity than the other
organigms present,

A study of the effect of varied expesure of
raw milk %o cenbrifugal force in centrifuge tubes on the
organisms present was mede, The resulis obbtained showed
that ever prolonged exposure of raw milk tc the centri-
fugal force did not resuit In the complete elimination of
any of tﬁe types of bacteria present probebly because some
bastasriz were retained by Tat globule tlusters and others
wers of such 2z small size and low specifie graviby as o
be held in the milk serum. A mexinmm gf’SO rer cenb of
the bacteria present could be removed in the sediment,

In some trials the sediment contained a greater percentage
of alkalil formers thanm did the raw milk, while in others
the reverse was noteds Apparently the bseberia in ths milk
were not materially affected by the centrifugalization

IrOCess.
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It was possible, however, to cause 2 large
elimination of alkalil forming bacteria and yeasts from
raw milk inoculated separabely with pure culbtures of
these organisms when t‘ne‘ sawples were subjected to cem~-
trifugsl force in tubes, Since microscopic examinstion
of these organisms showed them to be relatively large,
as compared with the majorilty of the bacterias coumonly
found In milk, they would naturally be removed from milk
by the centrifugal force mors sasiiy tham smailer cells
of the same specific grevity. Direct comparison of the
effect of clarification of raw milk on the bacteria
present with the effect of cenbtrifuging rew milk contaln-
ing orgenisms added from agar slopes, cannot be expected
to have much significance but this study seemed to indicate
that the raw milk =rtificizlly inoculabed with large cell
organlsms, a large percentage of These can be removéd
from it by subjecting it to centrifugal force,

The results of the study of the specifie gravity
of aliell féming bacteria and of yeasts showed that the
alkell formers were of slightly higher specific gravibies
then that of normal milk when they were grown on agsr,
while whern bouillon was used their specifie gravities

wers slightly lower than that of normel milk, This shounld

[
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explain why it was possible to remove a2 large number of
these bacteria in the sediﬁzen*’.: obtained by centrifuging
raw milk inoculated with pure agar slope cultures of the
organisus, The failure to remove a similar percentage

of them from naturally infected milk by exposure tHo ceabri-
fugal force might be dus to the bacteria being of a lower
specifie gravity when grown in milk than when they were
grown on agsr. <The compositlon, size, and density of bac-
terias are known o vary sccording to the kind of medium
in which they live. In four deferminations the specifie
gravity of yeasts, when grown on agar, was higher than
that of normal milk,

If the specific gravity of the alkali forming
bacteria grown 1n milk is the same as when they ars growvn
onx agayr 1t should be possible, under favorable conditions,
to remove a counslderable mumber of tThem by subjecting the

i1¥ $o centrifugel forge in a clarifier. The work with

B

the cembtrifugaiizatlion of the naturally infected raw milk
' showed that the alkali formers were not conéistently
eliminated in the slime., This would indicabte that the
organisms were of approximabely The same specific gravity
as the milk, since prolonged centrifuging did not remove

then.

A b BB B Friend Spn i Fa i e e

ot g s v et



=104

Part IX

The results obtained from the scorings of the
cheese made from unélarified.and clarified milk indicate
that clerification caused slight changes in the scores
of the cheese wﬁen it was about one month and ebout
three months old, The resulte of the first four series
are very similar., Sometimes there was a slight increase
in the scorses, sometimes there was s siight decrease,
while in some comparisoﬁs clarification caused no change.
The summary of all the scorings shows that in the one
ﬁonth old cheese clarificatior caused a very slight in-
crease in the gverage score for flavor and aroma, while
there was no improvement in body and vexbure. In the |
three months 0ld cheese clarification caused a small in-

crease in the average score for flavoer and zroms and =z

4

slight incresse in the average score for body and texture.

B

The Tobal scores show that elerificabion caused = siight
incrsase in the average score in the one month old cheese
and a small increase in the score of the three months

0ld cheese, The iIncreases are too small, however, to be
of any great significance., I clarification had resulbted
in the removal of most of the objectionsble organisms,
the scores of the cheese from the clarified milk should

ol Ay
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iTference Irom the scores of the unclarified
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milk then was obtained in this study. The lack of change
in the types of bacteria present in the milk as a result
of glarification harmonizes with the ,esths of the seccer-
ings. The changes caused by clarification in the various
groups of organisms were of 1little or no signifieance and
the ripening changesvwhich occurred in the cheese with and
without clarification were very similap, while the Giffer—
ences in the cheese scores caused by clarification were
too small to zilow of definite conclusioans,

The addition of slime to clarified milk caused
smeil, but fairly constant, decreases in the scores for
flavor and aroms, and for body and texture. The lowering
in the guality of the cheese might have been caused by the
addition of =2lkalil forming bacteria in the siime, The
addition of pure cultures of these organisms to clarified
milk caused decreases in the scores somewhat comparable
to the dscreases carwsed Dy the addition of slimes It
would scem from these resulbs that the alkall forming or=-
ganiams were somewhat detrimentel To the quality of cheese
when added to milk in large guantities, This group of

acteria apparently is only of minor importance in cheese

ripening since otherwise the large numbers of the orgenisms

added to milk should have had a pronounced influence on the

t,‘:

hanges whieh ook place during ripening.




-106-

A study of the effect of clarification of milk
and the addition of slime to clarified milk on the numbers
and types of bacteris present in the cheese cobtained in=-
dicated that there was no noticeable difference between
the numbers and types of bacteria in the eheese made from
unclarified milk end in the cheese made from the treated
milk, There seemed to be no correlation between the number
of pacteria present in any of the cheese and the total
scores obtainsd, Previous resulis reporited in Part I have
shown that the only organisms in the milk studied which
were materiaslly eliminated by clarification were the alkall
formers, If these orgenisms ere debrimental to the guality
of cheese 1t would be expected that when they were presezﬁ:
in the milk used for cheese, they would also be present
in the cheese obtained, The cheese made from ueclarified
milk would be expected bo contain a greater number of these
becteria then the clarified nilk cheese, while if ¢leri-
fier slime was added %o the milk they should be present
in still larger numbers. With the cheese studied bacter~
iologically, even where slime had been added to the milk,
this group of organisms was never isolated from the choess,
It would thus seem that, unless their action had been
completed before the cheese was cne month old, the alkalil

forming orgenisms play no part in the ripening of cheese.
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In studying the relation between the numbers
of bacteria present in unclarified and clarified milk
end the scores of the cheese obtained, it was found that
the increasses and decreases in the counts resulting from
clarification did not ceuse corfesponding‘increaées or
decreases in the scores of the cheese, The reason for
' this is diffieult to explain. Other investigators heave
obtained similar results, and it would seem that further
investigational work is needed before a satisfactory ex-
‘planatlion can be given.

| The methylene blue test and the fermentation test
wers used for studying the effeet of clarification on the
milk used for cheese during the period May to July 1927,
inclusive, Clarification as a rule caused a2 pronounced
increase in the time reguired to reduce the methylene blus.
Tnis increase in the reduction time was probably caused
vy the removal of bagberia by the clerifier, Uhela:ified
milk containing starter reduced the dye more quickly than
did elariffied miik contasining starter. The fermentetion
test did not indicate that clarification had caused any
change in the flora of the milk, These results compared

with those obtained in Part T.
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SUMKARY
Part I

1, PForty-three cemparisons of }the effect of
clarification on the numbers of bacteria in milk showed
that élarification caused an inerease in the cdunts in
20 trials and = decréase in 23. The increases in the
counts varied from 3,1 to 143.7 ‘par cent and averaged
54,6 per cent, while the dscreases varied from 0;4 to
59.1 per cent and averaged 24,9 per cent, Considering
the 43 comparisons clarification caused an average increase
of 12,1 per cent. With the milk studied, clarification
more often caused a decrease in the count in the miik eon-
: téining over 100,000 bacteria per cc. than when the number
was smaller,

_ | 2, Nineteen comparisons of the influence of
clarification on the mumber of bacteria in milk using a
normal and a reduced rafe of inflow showed that with a
normal rakte of inflow clarification caused an inerease
i-n.‘thé counts in six trials and a decrease in 13, while
when the rate of inflow was reduced, clsrification always
caused 2 decrease, With the normal rate of inflow the

increases veried from 5.9 to 64.8 per cent and averaged

[~ ; <o a2 3 =2 ~ o~ -~ ® o T
351 per cent, while the decresses varied




60.2 per cent and aversged 20.8 per eent.v Considering
the 19 comparisdﬁs there was an aversge decrease of 3.1
per cent. When the rate of inflow was reduced there
ves o minimum decresse of 25.9 per cenb, a moximm of
80,5 aﬁd a# aversge of 55,8 per cent., 4

3e Twenty-one cbmparischs of the influence
of clarification on the types of becteria present in
milk showed that clerificetion had sn irregrlier effect
on the bacterial flora. Sometimes it caused &n incfease
and gometimes g decrease in each of the groups of organ-
isms present in the milk, The inereases irn the acid
coagulators varied frox 0.3 $o 34.3 per cent and the de-
creases from 0.2 o 23,7 per cent, with an sverage in-

crease when 211 the comparisons are considered of 3.4

per cent, The acid non-cosgulators showed increzses vary-

ing from 0.8 to 24.0 per cent, decreases from 0.8 to 16.0

per cent, and an asverage incresse in all comparisoms of
3.9 ver cent, The alksli formers were increased from 0.1

to 16,0 per cent and decreased from 1.2 to 22.0 per cenb,

with an everage decrease for all comparisons of 1,8 per

eenb., The other groups showed similar increeses and de=~
ereases.

4. Thirty-three comparisons of the types of
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bacteria present in unclarified milk and in the slime
obtained from it showed that the only groups which ine
dicated a fairly comsistent change as a result of clari-
fication were the a2cid coagﬁlators and the alkall formers.
The average changes were an 8.7 per cent decrease in the
percentage of acld formers and a 16,8 per cen®t increase
-in the percentsge of alkall formers in the slims as com-
pared with the millk,

S. The resulis of a series of 18 comparisons
on the effect of clarification with 2 normal and a reduced
rate of inflow on the types of bacteriz in milk showed that

o —— 3
ttis change In

b

o e - tea
glarificaticn with both methods gasused 1

- ¢t

he types of bacteria present. The variations were not

consistent or large enmough to permit of any cénclusions

other than that the clzrifier had no very pronounced selechb-

ive action on the types of bacteria present in the milk

under either method of clerification.

&, In four triais, Filtration caused an increase

In the backerial counts of miik three times and a decrease
once. The increases varied from 12,2 to 38.9 per cent
with an average of 23.4. The decrease in the singie case
was. 8.6 per cent, OConsidering the four comparisqns, there
was an average inerease of 15.4 per cent in the counts.

In two trials separation caused an increase of 21.9 per

et 2 ek g S e
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cent in one instance and a Gecrease of 22.4 per cent

in the other, with an aversage percentage decrease of 0.5.
7, In nine comxparisons clarification umder a

normal snd under a reduced rate of inflow caused sn in-

crease in the time required to reduce methylene blue,

when unclsrified milk was used as the basis for compari-

son. The aversge inereases in the reduction time when

>

211 the comparisone zre cvonsidersed were 21 minnbtes with
& norual rate of iInflow and 47 minubtes with clarification
vnder g recuced rate of Inflow. The results agreed, In
general, with those cbtained by the plate method but the
iatter method was more refined in showing the changes in
the numbers of bacteriz of milk resulting from clarifice-
tion, Observations of the Permentetion test indicated
thet olarification with bokkh rabes of inflow had 11lktle
effect on the fermentation cccurring.

8. Then raw 2il¥X was subjected to centrifagsl

force in centrifuge tubes for variocus periods of time,

0t Bl bmaied A5 skt e e s e 1 8 et 0 et s o 87

it was found in four compariseons that five minutes centri-
fuging removed an average cf 12,5 per cent of the bacteria
present while 20 minutes exposure to the cenbrifugsl force
removed an average of 16,7 per cent in the sediment. The

cen‘&rifuging of samples of milk of the same lot for five,
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ten and 30 minutes, respectively, in four compsrisoms,
and for five and 2C minutes In four other comparisons
ceused only slight chsnges in the bacberial flora; when=-
ever a ¢eriain type of orgsnism was present in the milk

wos alsc formd in the sediment, Ever an exposure of

a—a b

jdo
<

the milit o centrifugal force for 30 winutes &id nob

cause a complete elimination of any of the types of bace

<t

fugal force in tubes, 1t was possible Lo remove & large
percentage of alkall forming organiams or yeasts which

kad been incculated inbo it from agar slopes.

%, The specifie graviiy of Torula cremoris,
when grown on agar, was found in four deberminziions to
vary from 1,037 to 1.102, with an sverage of 1.079., Var-

ious culbures of 2l¥kalil forming bacteris growm anagar

were found in 13 determinations %o have specific gravities

renging from 1,029 to 1,123 and averaging 1.0£97, while
vhen bouillon was the medium, The specific gravitles in
two deberminetions were 1,025 snd 1,032, with an average
of 1,0285,

10. 4 morphological, cultural and biechemical
study of 31 cultures of alkalii forming bacberia showed
thet the differences exhibited were boo small o permit
of & division into varieties of the species to which they

be long.

eria present in the milk, By subjecting raw milk to centri-

i

i
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Part IX

1. The study of the infiuence of clarification

on tre quality of cheese made from 67 different lobts of

milk showed that in the cone zmenth old cheese clarificabiom

resulted in an increase in the averagé score Tor Ilavor
and aroma of all the cheese of 0.07, while in the three
months old cheese it resulted in ar increasec of 0.41,
In the one month oléd cheese clarification caussd no
cnange in the average score for body and texture of ail
the cheese, while in the three months old cheese it re-
sulted in a2n inerease of 0,15. Vhen the total scores

of the chesss in all the camparisons are considered,
clarificetion caused an increase in the average score of

ke one month old cheese of 0,07 and in the three moniths

01d chieese o0f 0,56

2. In siz comparisons the addltion of clarifier

0

in the gquality of the cheese. In the one month old cheese

o

it caused an aversge decrease in the total scors of 1,08

and in the three months old cheese sn average dscrease of

1.22.,

In five comperisons the additior of g pure culture

of alkalil forming bscteria to clarifisd mililr czused =2n

average decrease in the total scores of the one month old

limo to eclarified milk czused, or an average, & decrease

i
H



cheese of 1,20, and in the threse months oid chesese an
average decrease of 0,40.

S Glarificaticn cf milk and the addition of
slime to clerified milk did not have any specific ine-
fluence on the numbers and typés of bacteriafpresent in
the resulbant cheese., An increase or decrease in the
numbers of bacteria in the cheese obtéined Trom the treabe
ed milk as compared with the nuumbers present in the cheese

Trom the unbtreated 21l of the same lot 4id net result

]

»

in a2 corresponding inmcrease or decreass In the botal

seores of the cheesc,.

s

b

4, Clarificstion caused increases and Gecrsases

. Iz the nuzbers of bacberis present in milk bubt correspond-

ing incregses or decreases in the scores of the cheese
dig not regularly follcw these.
5. 1In 2 stuly of the influence of clarification

on the milik used for cheese, as shown by the methylene

blue test, it was observed that in 28 comparisons clarifi

cation caused no change in the reduction fime in ten of

Yhen the 28 comparisons are considered, there was sn aver-

age increase in the reduction time of 17.5 minubes., Thls

incresse in the reduction time was also noticeable when

5 S aan ) 5 i T e AR 0 0 TP ey
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the milk contained starter,

6. The fermentation test showed that the curds
obtained from unclarified milk were very similar to those
obtained from clarified milk,

7. The addition of clarifier slime to clari-
fied milk slightly decreased the time required to reduce
methylene blue, while the addition of alkali forming
bacteria to clarified millk caused 1ittle change in the
reduction time as compared with the resulits obtained
from clarified milk of the same lot,

8, The curds obtained in the fermentation test
with milk containing alkall forming bacteriz and slime
were very similar to those obtained from the unclarified

and elarified milk of the same lot,

e A S 2 Ky b 8 e i &
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