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The llethylene Blue Reduction Test.

Investigators, who have studied the liethylene Blue Re=-

-

duction Test, within the last few years, have reached some=

what different conclusions regarding thng91iability of this

PN

test in determining the number of bacteffa in milk.

As there are no accepted tests for determining the num=-
ver of bacteria in milk, at present, in a period shorter
than twenty-four hours, it is quite evident that a test like
the Methylene Blue Reduction Test, which gives results in
a few minutes or a few hours, should be of great value to
creameries, cheese factories, and milk depots. The short
time required to conduct this test and the ease with which
it can be conducted are the promising features. The ques=-
tion that this thesis attempts to answer is, "Is the time
required for reduction an index of the number of bacteria
and of the kinds of bacteria in the milk, or does acidity,
enzymes, or some other factor influence the time of reduction?"

Practically all of the investigators argue that the
reduction runs parallel with the number of bacteria present
in the milk. In other words, the greater the number of bac-
teria present, the shorter the time required for reduction.

The greatest difficulty with the test seems to be in determin=-

B

ing a standard length of time, which is required by a given
number of bacteria, to reduce the methylene blue, The re=-
sults of different investigators vary on this particular
point.

History

The first work on the reduction test was conducted by

Duclaux (1) in 1887. His method was somewhat different
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from the method used at the present time., Yet the present
methylene blue test probably originated from this beginning.
Instead of using methylene blue for colo;ing the milk,
Duclaux used indigo carmine. His conclusions were that the
reduction was caused by ferments, :{ﬁﬁﬁ

No further investigations were re;}?ted along this line
of work until 1900. At this time leisser and Nechberg (2)
conducted exﬁeriments in which they used methylene blue for
coloring the milk. Their conclusions were that the reduc-
tion was caused by living micro-organisms, In 1901 Ninter
Biythe (3) published an article on the reduction test in
which he used litmus for coloring the milk. He did not
arrive at any definite conclusion as to the cause of the re=-
duction processe.

Schardinger (4) in 1902 published a report on experiments
which he had conducted on the reduction power of milk. His
experiments differed somewhat from those previously published,
He used a solution of methylene blue and formalin for color=-
ing the milk. It was prepared as follows:

Alcoholic 80l. Meth. Blu@ ...ecevcesscessses D CoCeo

FPOMMRLIR scvsovssvssssanssnssscsnssssssnnces B Bs Co

DIiotiliof Weater ..civevesivnencsssnnsnnseeslP0 8ats
In his conclusion he states that no doubt the reduction of
methylene blue in milk may be a very important test for
household purposes, providing the reduction has a definite
strength in accordance with the number of bacteria in milk,
He also states that a slow reduction indicates the freshness

of the milk and also a small number of bacteria. The acidity
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and the time of reduction, he concludes, bear no definite
relation to each other,

Cathcart and Hahn (5) found also that the length of
time required for the reduction to takeéplace depended
upon the number of bacteria present in the milk.

Orla Jensen (6) conducted experiments in 1903, in whigh
ne tested the reduction power of a number of organisms sepa=-
rately. He concluded that the lactic organisms required a
longer time to reduce and the reduction was not as complete
as with non-acid producing organisms,.

In 1904 Neisser and Smidt (7) suggested that the power
of reduction was due to one of the following factors:

(1) Milk sugar and substances that are separated by

cookinge.

(2) Reducing ferments,

(3) Reduction properties of bacteria,

They finally decided that the reduction was caused by an
enzyme called alaenyde-catalase. In his later work Smidt (8)
confirms his eérly investigations. He says that the reduc-
tion of the liethylene formalin solution is caused by an cn=
zyme which acts as a catalytic agent, but the reduction of a
Methylene blue solution without the formalin is caused entire-
1y by bacteria,

Rullman (9) in 1904 and Koning (10) in 1907, found but
very little reduction power in goats' milk and practically

none in human milk unless it was diseased,
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In experiments conducted by Seligmann (11) in 1906, he
concluded that there was no difference between the reduction
ot liethylene formalin solution and methylene blue. He, also,
concluded that the reduction properties of milk come from

bacteria and by-products of milk casein, In order to reduce

mehtylene blue or methylene formalin so}umlon he decided that
it must be a very ¢ mplex solution. gbiigmann was alone
(on this idea) for some time,

Jensen (12) and Smidt (12) published a paper in which
they agreed that the aldehydecatalase was bound up in the
fat globules of milk and that the aldehydereductase was bound
to the slime mewmbrane, They were not successful in proving
this, however,

In the meantime seligmann (13) had continued his experi-
ment and in 1907 his revort confirmed his previous work.

A, Hesse (14) published a revnort in which he questioned
some of the points of Schardinger's test and was somewhat
skeptical as to the proof of the test. He did not draw
any further conclusions,

Barthell (15), a Swedish investigator, published a paper
in which he reported the results of his experiments with the
methylene blue reduction test. He conducted experiments
upon a much larger scale than any of the previous investiga=
\ tors. His method was as follows; To 10 c.c. of milk .5 c.c,
of the methylene blue solution was added. The mixture was
covered with 1 c.ce of liquid paraffin, The test tube con-
taining the milk and methylene blue solution was then placed

in a water bath and kept at a temperature of from 40 to 48

degrees C.. The length of time required for the discoloration
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was noted, Two tests of the same milk were always conducted
The object of his experiments was to determine the length
of time required for the reduction of the methylene blue in
milk by different numbers of bacteria%fﬁﬁﬁheae relations
had already been shown to exist by Butegnberg (16) and
others, but had not been definitely proven. Barthell found

that if the methylene blue was reduced in a few minutes the

E_ 3 3 I .

milk contained at least 100,000,000 bacteria or more per
cubic centimeter, In caseés in which the reduction took place
within one hour, the milk was found to cantain altogether
too high a bacterial content to be used as a food, especially
for infants, Milk which reauced the iethylene blue within
three hours was found also to be of rather an inferior qual=-
ity. If it required more than three hours for the milk to
reduce the methylene blue the milk was found to be low in
pacterial count, and of good quality. Barthell also found
that with pasteurized milk the reduction proceeds more or
less slowly according to the temperature at which the milk
nad been pasteurized, In conclusion Barthell decided that
the reduction test can, no doubt, be used as a fundamental
test for determining the bacterial content of milk. He
states, also, that it is a very practical test, as it can be

\ concluded within a few hours so that the quality of the milk
can be determined before it is sent to the consumer,

About this time R. Burri and J, Kursteiner (17) conducted

a number of experiments in regard to the reduction power of
cow's milk as shown by the methylene blue reaction with and

without formalin, They found that normal fresh milk 4id not
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increase the reducing substance and if oxygen was excluded
the reduction took place more quickly when the temperature
was increased.

In a paper relating to studies of‘yﬁi& enzymes, C.J,.
Koning (18) reports that bacteria, whié%?are generally pres=
ent in milk, produce more or less reductase when they are
introduced into sterile milk. He also decided that the re-
ductase of milk is not destroyed when the milk is heated
30 minutes at 65 degrees C. and that the fat and cream of
normal milk contains more reductase than skim milk.

R. Tronasdorff (19) in 1909 concluded from his experi-
ments that fresh milk, wnich was germ free, contained no
reductase, “t gave, however, a characteristic reaction
to the Methylene-formalin solution. He concluded that the
formalin has a chemical action upon liethylene blue,

After reviewing the work of previous investigators,
and condutcting some experiments of their own, R. Burri
and J. Kunsteiner (20) in a paper published in 1912, arrived
at somewhat different conclusions from former investigators.
They decided that a normal raw milk contained reductase
which was not of bacterial origin. They decided, however,
that it might have some relation to the cellular elements,
which were present, such as leucocytes and epithelial cells,
It was found also that the quality of the Methylene blue
might cause a difference in results. They decided that
in all probability the reduction of Schardinger's methylene

formalin solution was caused by an enzyme,
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Probably the latest and most thoro work along this
line is contained in a report by E. B, Fred (21) published
in 1912, He found that Methylene bluoﬁg%s the most useful
stain for measuring reduction by micrdﬁgréanisms. It was
decolorized more rapidly in mikk than in bouillon. He
found also that reduction was a general property possessed
by all bacteria, but that it varies with diftrerent organisms,
The bacteria of milk, however, show a strong reducing power,
Out of twenty-two species generally prevalent in milk,
twenty=-one proved to be stain reducers. Reduction in a
newly inoculated culture medium was directly proportional
to the growth of bacteria, and stopped when the medium was
exhausted. He decided that the ferment peroxidase is presen t
in milk when secreted and is not formed to any extent by the
growth of bacteria. The reauctases, however, are formed by
the growth of bacteria and do not eecur in milk when first
drawn. Very probably both intracellulgr and extracellular
products take part in the reduction of the Methylene blue.
The reduction of Schardinger's methylene-formalin solution
is due to an enmyme knwwn as Aldehydcatalase. PFinally he
concludes that the reduction test is of practical importance
in judging the quality of milk from a bacteriological stand-
point,

In reviewing the work of differeny investigators it
was found that their conclusions vary somewhat, but that
there is a general agreement, The prin cipal difference of
opinion was over the best indicator to use in the reduction

test, and also whether or not reduction was caused by
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enzymes formed in milk, by the growth of bacteria, or by
enzymes formed by agents other than bacteria, Various
indicators were tried, but in most cases methylene blue

was found to be the most useful in the test. There seemed
e

\';-:
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to be a general opinion that the methﬁigne-formalin solu-
tion is not reduced by bacteria, but by a ferment, which
is present in the milk when drawn, and not formed by the
growth of bacteria., It is called Aldehydcatalase. The
methylene blue solution without the formalin was thought
to be reduced by a ferment known as reductase and formed
by the growth of bacteria. The length of time required
for reduction to take place by certain number of bacteria
was found by the different investigators to be about the
same, The matter of time was estimated only roughly
and definite standards were not very closeiy worked out,
Chject

The object of this thesis is First: to determine the
relation existing between the bacterial content and the time
required for the reduction of m?thylene bluein milk; Second;
to determine some of the common factors which faver or
hinder the reductién test; and Third: to find out the prac-
tical value of the test for determining the bacterial con=
tent of milk.
liethods

The apparatus used in carrying on these experiments
was constructed by the C., J. Tagliabue Manufacturing Com=-
pany of New York City, especially for the reduction test,

This apparatus was furnished us by theabove company without
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charge. The apparatus consisted of a water bath, test
tubes of 30 c.c. capacity, and a special thermometer. The
methylene blue used for the experiments was prepared as
follows (22)3 M}*’*‘»
Bat. Alcoholic Sol. Meth. blue ...ﬁﬁ....... 6 co.Cs
Caustic‘potash, 1 per cent solution ....... 2 c.c.
Water, di1stilled jjeesevsccscssoncsscsccns; 20 co06
The gelatin used in making the bacterial count was
as follows (23):
Tater, distllled .. icciesscscoscnnrensesessd000 coco
FRRAREE sassensnsosssbsshpsnssesnrninnsnnses A3 DEBs
GOLBEAR . cvsssvsnsvossnssovsssnvennsssnses 1509
R NORRE o s bn i ammmssopnedsnknssan 0P -9

Llebig'ﬂ extract of beef .Q.....I.'.‘.I...C..? o

Neutralized to .1 per cent acidity



Apparatus used for the methylene blue reduction test.
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All milk samples were taken at the University Creamery
as soon as the milk was delivered by the patrons. The
temperature at which these experiments were conducted varied
from 40 degrees to 45 degrees C, In’%wéﬁor two cases

21‘ »
the temperature differed from this,. *

Experiment 1.

This experiment was conducted in order to determine
the length of time required for the complete reduction of
methylene blue in milk, It was conducted also to deter=
mine whether or not the same number of vacteria always
required the same length of time for reduction. In each
case whole milk was used, Twenty cuvic centimeters of the
milk was placed in one of the sterile test tubes and two
tenths of a cubic centimeter of the methylene blue solution
added, Then the tube was stopped with sterile cotton and
agitated until the methylene blue was evenly distributed
thrg the milk, giving it a light blue color. The tubes
were prepared in this manner for each part of the experi-
ment, then were placed in the water bath which was kept
at a temperature of forty to forty-five degrees c.c. All
of the tubes were run in duplicate, but they checked out
so closely that only one result is given in each case., At
the same time that the reduction test was started, samples
of the milk were plated upon gelatin, incubated at 18 de-
grees C, and as soon as the plates were sufficiently devel-
oped counts were made. The reduction was considered com-

plete when the milk assumed its natural color. The lenghth
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of time required for the reduction was noted in each case,
All parts of this experiment were conducted in the same
manner, but were not run on the saie date. No attempt
was made to get samples of the same nugggﬁf in the dif=-

ferent parts of this experiment, from the same dairy farmwm,

Experiment 1 Part 1

Milk Sample Number Length of time required Number of Bac=

teria per c.c,

i 7 hrs, 10 min, 30,000
= 8 _hrs., 150,000
3 7 hrs. 100,000
4 8 hrs, 30 min, 70,000

Experiment 1 Part I1

Midk Sample Number Length of time required No, Bacteria

per c..c,
i 8 hrs. 5 min, 90,000
2 7_hrs. 45 min, 100, 000
3 7 hrs, 30 min, 78, 000
4 1l hr, 50 min, 500, 000
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Experiment I Prt. 3

Milk Sample No, Length of time requiredﬂmyo. Bacteria
for reduction ‘ﬁ; vAper Ca8a
1 6 hrs, 100,000
2 5 hrs. 30 min, 120,000
3 1 hr, 5 min, 1,250,000
-+ 1l hr, 30 min, 600, 000

Experiment Part 4

Milk Sample No, Length of time required No. Bacteria
for reduction PEr CoCs.

| 3 hrs. 10 min 200,000

2 3 hrs, 150,000

3 1 hr, 5 min, 300,000

“+ 1 hr, 25 min, 400,000

Experiment 1 Part 5

Milk

Sample No, Length of time required

No. Bacteria

for reduction PEr C.Ce
3 1 hr, 10 min, 14,000,000
2 1 hr, 30 min, 950,000
3 20 min, 4,000,000
% 27 min, 2,000,000
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Experiment I Part 6

Milk Sample No.

Length of time required No. Bacteria

for reduction e per Co.Ce
1 2 hrs. 15 min.  §_ 700,000
2 2 hrs. 55 min, 400,000
3 2 hrs, 30 min, 500,000
4 5 hrs, 350,000

Bxperiment I Part 7 (See note)

Milk Sample No, Length of time required No. Bacteria
for reduction pPEr CoCe

1 8 hrs. 30 min, 20,000

2 8 hrs, 15 min, 45,000

3 9 hrs, 11 min, 15,000

4 9 hrs, 30 min, 18, 000

Note « This milk was pasteurized,
Experiment I Part 8

Milk Sample Bo, Length of time required No. Bacteria
for reduction DEY CsCa

1 13 min, 20, 000, 000

2 10 min, 25,000, 000

3 1 hr. 55 min, 600,000

4 1l hr, 5 min, 2,500,000
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Experiment I Part9

_ EBilk Sample No,

Length of time required No. Bacteria
for reduction per c.cC.
1 2 hrs. 20 min, 2 420,000
2 2 hrs. 41 min, ﬁih*' 380, 000
3 2 hrs., 6 min, 560,000
o 1 hr. 12 min, 1,120,000
Experiment I Part 10
Sample No, Length of time required No. Bacteria
for reduction PEr C.Ce_
1 5 hrs. 55 min, 175,000
2 2 hrs, 53 min, 270,000
3 1 hr, 35 min, 900,000
4 2 hrs, 5 ming 500,000

Bxperiment I Part 11

Sample No¢ Length of time - required No. Bacteria
for reduction PEr Co.Ce

1 1 hr, 35 min, 1,500,000

2 1 hr. 57 min, 700, 000

3 2 hrs, 20 min, 350,000

4 1 hr. 13 min. 1,200,000

E
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Experiment I Part 12

Milk Sample Noe. Length of time required No; Bacteria

for reduction PEr CeCe
1 2 hrs. 45 min 21” 190, 000
2 3 hrs., 10 min, 200,000
3 2 hrs, 15 min, 410,000
4 1 hr. 45 min, 1,000,000

Experiment I Part 13

Milk Sample No, Length of time required No. Bacteria

for reduction pPer C.Ce
! 1 hr. 10 min, 1,500,000
2 1 hr, 45 min, 700,00
3 57 min, 1,750, 000"
4 2 hrs. 10 min, * 400,000

Experiment I Part 14

iiilk Sample No, Length of time required No. Bacteria

for reduction pPer C.Ce
1 7 hrs. 12 min, 90, 000
2 5 hrs, 56 min, 120,000
3 2 hrs, 15 min, 320,000
4 3 hrs. 12 min, 150,000




17
Experiment I Part 15

Milk Sample No, Length of time required No.Bacteria

for reduction per c.es

1 4 hrs. 10 nin, s, 180,000

‘ 2 3 hes, 15 min, 270,000
3 2 hrs, 6 mn, 320,000

4 3 hrs, 25 min, 250,000

The results of the above experiment show, quite con=
clusively, that the time of reduction runs nearly parallel
with the number of bacteria present in the milk. The test
varied somewhat but the length of timerequired for reduc=
tion was about the same for any given number of bacteria.
The results show that the test is accurate to within fifty
or one hundred thousand bacteria per cubic centimeter as
long a8 the bacterial count is below one million, When
the count is greater than one million per cubic centimeter
the variation is greater, In preparing a reduction table
which will show the direct relation vetween the time required
for the reduction to take place and the number of bacteria
in the milk, the time cannot be estimated closer than thir-
ty minutes in each case. The re¢ason for this is because of
the variation in the results of the previous experiment.

The following reduction table has been evolved from the

results of the preceding experiment;
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Time required for the reduction No. Bacteria per c.c. in

milk

10 min, 25,000,000

13 min. 267000, 000

\ 20 min, %”4,000,000
30 min, 3,000,000

1 hr, 2,000, 000
1 hr, 30 min, 1,000,000
2 hr, 900,000
2 hr. 30 min, 600, 000
3 hrs, 400,000
3 hrs,.30 min, 300, 000
4 hrs, 260,000
4 hrs. 30 min, 200,000
5 hrs, 150, 000
6 nhrs. 100,000
7 hrs. 80,000
8 nrs. 50, 000
9 hrs. 20,000

In conducting'the reduction test the results may vary
from the above table, but with the majority of cases the
( table will be found to be accurate enough for all prac=

tical purposes,
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Experiment 11

This experiment was conducted in order to determine
whether or not the acidity of the milk'ggfyany influence
upon the length of time required for redﬁction. Also, to
détermine what effect the different groups of organisms,
such as acid producers, and liquefiers had upon the reduc=-
tion test. The number of acid formers was determined by
inoculating tubes of litmus milk with different dilutions
of milk, The liquefiers and non-liquefiers were deter-

mined by plating samples of the mi}k on the gelatin pre-

viously described, The results were as follows:

Experiment II Part 1l

Sample Nos cecoesseseses 1 A 3 )

Acidity 14% 18% 16% 15%
Liquefiers 7000 2000 3000 40000
Lactic organisms 10000 50000 10000 100000

Non-Acid Prod. er Lique-

fiers 68000 48000 37000 360000
Total No, Bacteria 95000 100000 70000 500000
Time of reduction 8hrs.40min 7 hr30mn 8hr20min 6 hrs,
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Experiment Il Part 2

Sotnde Fos  aasassas . -3 2 3 4
Acidity 19% 18% 15% 16%
Liquefiers 600 2000 3900 1200
Lactic organisms 10000 10000 %igooo 50000

Non=Acid Prod.

or Liquefiers 14000 58000 . 37000 38000
Total number of bacteria

30000 70000 40000 100000
Time of reduction 7 hrs, 6 hrs, 30 8 hr, 9 hrs.

min 20 min, 10 min,
Experiment II Part 3

Sample NOg eeesscses 1 2 - 4
Acidity 15% 16% 15% 17%
Liquefiers 12000 30000 40000 20000
Lactic organisms 50000 100000 100000 100000
Non=Acid Prod,
or Liquefiers 28000 870000 750000 400000
Total No.Bacteria 90000 1000000 1250000 700000

Rime of reduction é hrs, b

hr, 30 min, lhr,15min, lhr,30min,

B B B Bn B Bk B B B B B B BE B B B B BN BN
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Experiment II Part 4
Sample No. osoccoces 1 2 o 3 4
Acidity 21% 23% , s 18% 17%
Liquefiers 120000 130000 40000 50000
Lactic organisms 100000 500000 100000 100000
Non=Acid Prod,
or Liquefiers - ——ee 160000 260000
Total NO.Bacteria 200000 250000 300000 400000
Time of reduction 3 hrs. 30 min. 3hr.20mn, 55 min, 1lhr,20min
Experiment II Part 5

Sample Nog eecco..  § 2 3 5
Acidity 20% 23% 25% 21%
Liquefiers 2500000 3350000 3000000 2500000
Lactic Organism 1000000 5000000 10000000 10000000
Non=Acid Prody
or Liguefiers 9700000 650000 17000000 8500000
Total NO.Bacteria

13000000 9000000 30000000 20000000
Time of
reduction 1l hr, 10 min, 1 hr, 30 min, 20 min. 27 min
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Experiment II Part 6

i e

Sample Nog eoeso.. - | 2 ﬁ;A‘ 3 4
Acidity 21% 19% 24% 17%
Liquefiers 600000 50,000 200,000 150,000
Lactic Organisms 500,000 300, 000 1,000,000 300,000
Non=Acid Prod.
or Liquefiers 500,000 650,000 700,000 400,000
Total No.Bacteria 1,600,000 1,000,000 1,900,000 850,000
Time of reduc-
tion lhr, Smin, lhr, 37min, 57 min, 2hrs.25min

Experiment II Part 7
Bample Noe seess ¥ 2 3 4
Acidity .28 .36 .30 .29
Liquefiers 1,000,000 1,200,000 1,500,000 2,000,000
Lactic Organisms

1,000,000 1,500,000 1,000,000 10,000,000
Non=Acid Prod,
or Liquefiers 1,600,000 - - 2,500,000 2,000,000
Total No.
Bacteria 3,600,000 2,600,000 4,000,000 14,000,000
Time of reduction

1l hr.,15 min, 1 hr.40 min 1 hr,30 min 25 min,
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Experiment I1I Part 8

Sample Number .... 1 2 ﬁﬁ%» 3 4

Acidity .21 .18 R 023 .26

Liquefiers 1,800,000 900,000 1,500,000 2,000,000

Lactic Organ=

isms 500,000 500, 000 1,000,000 1,500,000

Non=Acid Prod.

or Liquefiers 200,000 300,000 300,000 100,000

Total No.

Bacteria 2,500,000 1,500,000 2,800,000 3,600,000

Time of

reduction 46 min. 56 min, 41 min, 37 min,
Ex@eriment II Part 9

Sampl.e Number ..., 3 2 3 4

Acidity 16% 14% 13% 11%

Liquefiers 46,000 75,000 100,000 88,000

Lactic Organisms 200,000 150,000 50,000 50,000

Non=Acid Prod.

or Liquefiers 554,000 400,000 150, 000 250,000

Total No.Bacteria800,000 625,000 300,000 385,000

Time of reduction

2 nrg,30 min 3 hrs.l10 min 4 hrs. 5min 4 hrs.

15 min,
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Experiment II Part 10.
Sample Number ..., 1 _ 2 3 4
Acidity 12% 10% gm 14% 13%
Liquefiers 40,000 20,000 gé,ooo 90,000
Lactic Organisms 200,000 100,000 150,000 200,000
Non=Acid Producersl?75,000 150,000 165,000 35,000
Total No. Bac-
teria 425,000 275,000 400,000 375,000
Time of reduc-
tion 2 hrs.50min, 3 hrs.55" 3hrs.l10" dhrs. 45"

Altho the results of the above experiment varied consid=-
erably it is quite evident that the acid producing organisms
did not influence the process of reduction as much as the
non-acid producing bacteria. The liquefying bacteria did
not shorten the time of reduction any more than an equal
number of non-liquefying bacteria. The degree of acidity

did not have a noticeable effect upon tne time of reduction.

Experiment IIl

The previous experiments raised the question as to
whether or not all organisms found in milk have the power
of reducing methylene blue. This experiment was conducted
with sterile milk inoculated with pure cultureg. Each of

the tunes of milk were inoculated with a loop full of the
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organism to be tested and incubated at 28 degrees C., for a
period of twenty-four hours before c¢ nductkéng the test. Two
tests were oonducted with each organism on separate days.
four tubes of inoculated milk were used }n%ﬁach test and a
tube of sterile milk, uninoculated, was%%%ed as a check in
each part of the experiment. The same amount of methylene

blue was added as in the previous experiments, and each tube

contained 20 c.c. of milk. The results were as follows:

Experiment III Part 1

B. Subtilis

Sample Number o < S 4 5

Time to reduce '40 min, 45 min, 38 min, 54 min, No reduction
No. Bacteria 410,000 350,000 385,000 300,000 0
Complete

reduction Plus Plus __ Plus Plus Minus
Sample Number 3 =R 3 4 )

Time to reduce 1 hr, 5" 35" 42" 50" No reduction
No.Bacteria 110,000 425,000 350,000 310,000 0
Complete

reduction Plus Plus Plus Plus linus
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Experiment III Part 2.

B, Coli
Sample lNumber ar 2 3 4 5
Time to reduce 15 min., 17 min, 20 min, 25 min, No reduc=
i tion

o)
]l »

No. Bacteria 30,000,000 28,000,000 24,000,000 17,000,000 0

Complete

Reduction Plus Plus Plus Plus liinus
Sample No, 1 2 3 & B .
Time to reduce 24 min 19 min, 15 min, 17 min, No reduc-

tion

No. Bacteria 21,000,000 30,000,000 35,000,000 38,000,000 O

Complete
Reduction Plus _ Plus Plus Plus Minus
Experiment III Part 3,
B, Yeast (Bread)
Sample No, v 2 3 4 5
Time to reduce 5 min, 8 min, 10 min, 6 min, No reduc-

tion

No. Bacteria 4,500,000 3,800,000 3,200,000 4,000,000 0

Complete
Plus Plus Plus Plus Minus
Reduction
Sample No, 1 2 S 4 5
Time to Reduce 12 min, 9 min, 15 min, 6 min, No reduc=-
tion

No. Bacteria 2,400,000 3,500,000 2,500,000 5,000,000 0

Complete Reduc. Plus Plus Plus Plus Minue
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Experiment II1 Part 4

Bact., Acidi T.actici

Samdl.e No, 4 2 % 4 5
Time to reduce 25 min, ‘45 min. 55 min, 1 hr, 10" Not
reduced

Bacteria No,.1000,000,000 550,000,000 450,000,000 235,000, -

g, 000
g;v“ 0
Complete
reduction Minus | ' 2olMinus iiinus Minus
Sample No, _ 1 2 3 4 5
Time to reduce 35 min, 40 min, 50 min, 27 min, Not
reduced
Bacteria No,.600,000,000 530,000,000 350,000,000 1,260, - 0
000,000
Complete
reduction Minus Minus jiinus lMinus
Experiment III, Part 5
Bacillus Vulgaris
Sample No, 1 2 3 4 5
Time to reduce 20 min., 26 min, 19 min, 36 min, Not
reduced

Bacteria No., 15,000,000 11,000,000 13,500,000 5,500,000 0

Comp., Reduc, Blus Plus Plus Plus
Samole No, 1 £ 3 4 5
Time to reduce 18 min, 41 min, 3% min, 28 min, Not

reduced
bacteria No, 14,000,000 4,100,000 3,600,000 8,000,000 0

Complete Reduc, Plus Plus Plus Plus Minus
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Experiment III Part 6

Bacillus Prodigiosus

Sample No, 1 2 3 4 5
Time to reduce 20 min, 24 nmin, 40 min, lhr,10min, Not
reduced

Bacteria No. 25,000,000 5,000,000 15,008;4000 12,500,000 0

&
Comp.Reduc. Plus Plus Plus Plus
Sample No, 1 2 3 4 5

Time.to re-

duce 30min, 35min, 26min, 42min, Not re-
duced

Bacteria No, 24,000,000 22,000,000 28,000,000 20,000,000 O

Comp., Reduc. Plus Plus Plus Plus

Experiment III Part 7

Bacillus Mycoides

Sample No. i 2 3 4 5
Time to reducwe 50" 54" 36" 42" Not re-
duced

Bacteria No. 4,500,000 3,800,000 6,800,000 5,400,000 0

Complete Reduc, Plus _ Plus Plus Plus Minus
Sample No, 1 2 S 4 5
Time to reduce 47" 40" 23" 37" Not re-

duced
Bacteria No, 4,300,000 6,000,000 9,000,000 5,800,000 0
Complete reduc, Plus Plus Plus Plus
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Experiment 111 Part 8 =licroccus

Sample No, > 9 2 3 4 5
Time to reduce 1lhr.20min. 1lhr.32min, lhr.llmin, 1hr.19min, Not

reduced

4 ’“
Bacteria No, 7,000,000 6,200,000 8;500,000 5,300,000 O
1,

Complete Redue, ~_ Plus Minus ;ius Minus _

Sample No, 1 2 3 4 5

Time to reduce 55% 48" lhar,5min, 50"  Not re=-
duced

Bacteria No, 12,000,000 16,000,000 9,000,000 14,500,000 O

Complete reduc, Plus Plus llinus Plus

Experiment III Part 9

Strepte coccus
check
Sample No, 1 2 3 - 4 5
Time to reduce lhr,lOmin, 56" ihr.18" lhr.,12"* Not re-
duced
No. Bacteria 11,000,000 1,300,000 950,000 360,000 0
Complete Reduc, Plus _ Plus Plus Plus
CHECK
Sample No, 2 3 4 5
Time to reduce 2hrs.3" 1lhr,35" 538" lhr,16" Not re=-
( duced
No. Bacteria 230,000 830,000 1,250,000 960,000 0
Complete Reduc. 230,000 830,000 Plus Plus

" W W ¥ W BB F A E RN EEEEE =E =
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Experiment III Part 10

Staph-pyogenes (aureus)

Sample No, 1 2 3 4 5
Time to reduce lanr,5" 48" lhr, 30" lhr,17" Not re=-
Pl duced

No. Bacteria 830,000 1,200,000 900:6b0 820,000 0

Complete Reduc. Plus Plus Plus Plus

Sample No, 1 2 3 4 5

Time to reduce 2hr,5" lhr.10" lhr.35" 55" Not re=
duced

No. Bacteria 300,000 920,000 8,500,000 1,100,000 0

Complete Reduc, Pkus Plus Plus _ Plus

Experiment III Part 11
Bacillus Vulgatus

Sample No, 1 2 3 4 5

Time to reduce lhr.45" 1lhr,16" 58" 2nrs.30" Not re-
duced

No.Bacteria 1,100,000 1,500,000 200,000 510,000 0

Complete Reduc, Plus _ Plus Minus Minus

Sample No, 1 2 3 4 5

Time to reduce 52% lhr.12" 56" lhr,18" Not re=
duced

No.Bacteria 22,000,000 1,300,000 1,900,000 1,600,000 0

Complete Reduc, Plus Plus Plus Plus
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Experiment III Part 12

Baeillus Butyricus

29

oo

Sample Noj. £ 2 ,;r‘,'é g 4 5
Time to reduce lhr, 32" lhr,5" 2hr;.30" lhr,18" Not re-
duced

Bacteria No. 960,000 1,600,000 325,000 1,400,000 0

Complete Reduc., Plus Plus Plus Plus

Sample No, -9 2 3 4 5

Time to reduce 2hrs,18" lhr,53" 55" 1hr.59" YNot re-
duced

Bacteria No. 410,000 540,000 1,500,000 300,000 0

Complete Reduc, Plus Plus ___ Plus Plus _Plus

Experiment 1II Part 13
Bacillii8 Typhosus:

Sample Noe N 2 3 4 5

Time to reduc® 40" 56*  1lhr,H" lhr,30" 0

No. Bacteria 2,100,000 1,520,000 1,200,000 1,200,000 -

Complete or

Incomplete Reduc, Plus Plus Plus Plus Minus

Sample No, A 2 3 4 5

Time to reduce 43" 1lhr,12" 50" 2hr.10" 0

No. Bacteria 1,860,000 1,100,000 1,300,000 500,000 -l

Complete of

Incomplete Reduc, Plus Plus Plus Plus Minus
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Ixperiment III Part 14

Bacillus Pneumonia
Sample No., 3 2 %T§* 4 5
Time to reduce 2hrs.30" 1hr.55" 2hrs.5%  1hr.10" 0
No. Bacteria 210, 000 330,000 320,000 820,000 -
Comnlete or
Incomplete Reduc, Plus Plus Plus Plus liinus
Sample No, 1 2 3 4 5
Time to reduce 3 hrs., 2hrs.45" 2hrs.20" 3hrs,25"
No., Bacteria 350,000 175,000 220,000 150,000
Complete or
Incomplete Reduc, Plus Plus _ Plus Plus

It is evident from the previous experiments that pure
cultures vary cons:derably in their reduction power. All
of the organisms have the power of reducing, but with some
the reduction was more complete than with others, B, Sub~-
tilis, B. Coli and Yeast seemed to have the greatest reduction
power, Bacillus Acidi lactici gave rather an incomplete re-
auction, compared with the other organisms. It was noticeable
alsc in Experiment II that the acdd-producing orgahisms did
not have as great a reducing powef as other organisms. Hence,
the results in this experiment prove quite conclusively that the
acid producing organisms do not have as great a reduction pow-

er as the other organisms,
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Experiment IV

In reviewing the work of previous investigators, it was
found that each investigator used a different strength of the
Methylene blue solution. In some cases formalin was added to
the ilethylene solution, but the requltg{ﬁ?‘their experiments
proved quite conclusively that the methy;ene-fonnalin solution
was not a practical indicator for this test. Consequently
this experiment was conducted with different strengths of
methylene blue in order to fina whether or not the various
strengths of Methylene blue influence the time required for
reduction,

As stated in the beginning of this thesis, two tenths
(.2) of a cuvic centimeter of methylene blue was added to each
tube of milk in all previous experiments, In this experiment
various dilutions and various strengths of methylene blue were
used. Each of these will be described,

For each part the same mllk was used so that the bacter=
ial count was the gmme in each table.

Experiment IV Part 1

In this part of the experiment the same strength of methylene
blue, as that used in the previous experiment, was diluted
1 to 50, 1 to 100, 1 to 150, 1 to 200, and 1 to 500. The

results were as follows:
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Sample No, DBilution Amts, added Time required No.,Bacteria

/3 1-50 s2CsC 1 min, 1,870,000
2 1-100 .2 c.co A min, "
( 3 1-150 .2 c.c. P 38R "
4 1-200 o CuCs At once »
5 1-500 o 0,508 At once "

Sample No, Dilution Ant. added Time required No.,Bacteria

1 1-50 o2 C.Co lhr,5min, 960,000
2 1=100 o2 Cols 49min, ”
3 1-150 o2 CaCqo 41 min, v
4 1-200 2 CaoCs 28 min, -
5 1-500 +2 Cs s 7 min, .

Experiment 1V Part 2
In this part of the experiment the methylene blue was
not diluted but different amounts of the methylene blue were
added to the tubes otf milk as follows:
ed CaBas) +2 CoCuaj +3 €40 «4 cstey and . § ¢€.0,
The same milk was used in each table thruout this part of the
experiment so that the bacterial count was the same in eack

sample., The results were as follows:
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Sanple No, _Amt, Added Time Required No. of Bacteria
' § ed C.Co 7 min, 25,000,000
2 2 CoCs 12 min, ﬁgﬁzs.ooo,ooo
3 +3 c.06 17 min, H 26,000, 000
4 o8 €.0, 21 min, 25,000,000
5 B .0, 25 min, 25,000,000
Sample No, Amt, Added Time Required No, of Bacteria
1 1l c.ce 31 min, 5,400,000
2 o8 Bs 0 39 min, 5,400,000
3 s 8 C.Co 48 min, 5,400,000
4 od C.Ce 1 hr, 5 min, 5,400,000
5 3 8.0 _1 hr,19 min, 5,400,000
Sample No, Amt, Added Time Required No., of Bacteria
3 St O 40 min, 3,700,000
2 s 2 CoCo 53 min, 3,700,000
3 + B Culs 52 min, 3,700,000
4 o4 CoCe 61 min, 3,700,000
5 B e.es lhr, 6 min, 3,700,000
Sample No, Amt, Added Time Required No, of Bacteria
: 3 1l e.€s 2 nrgs, 15 min, 350,000
2 o2 €.C. 2 hrs. %4 min, 350,000
3 «@ Cs0a 2 hrs. 39 min. 350,000
4 .4 c.ce 3 hrs, 7 min, 350,000
5 oD €4 Cs 3 hrs. 11 min, 550,000
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Sample No, Amt. Used Time Required No. of Bacteria

1 o Ceills 29 min, 6,600,000
2 .2 c.c. 31 min. ﬁi”$3,6oo,ooo
3 «® By Be 43 min. 6,600,000
4 4 ¢c.c. 51 min, 6,600,000
5

.5 c.c. 46 min, 6,600,000

The results of the different parts of this experiment
indicate that different strengths and different dilutions
of the methylene blue solution cause variatién in the time
required for reduction. With the different diiutions,
when the bacterial content was high, the reduction took
place at once. 1Ii there are only a few bacteria present
in the milk the dilution method might be used; otherwise
a stronger solution of methylene blue should be used,

The test was much more successful when different amounts

of the methylene blue solutions were added to the milk
without dilution. The results show that the greater the
amount of methylene blue added to the milk the longer the
time required for reduction. Thus proving that it would be
necessary to have a different reduction table for each

strength of the methylene blue solution.
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Experiment V

All of the expetiments thus far were conducted at a tem=
perature of 40 to 45 degrees C. This experiment was conducted
at the following temperatures: 18 dggrees C.; 31 degrees, C;
37 degrees C.; 43 degrees C.; 50 degrees C,; 60 degrees C.; and
70 degrees C.,; in order to determine the effect of different
temperatures on the time required for reduction. The milk
used was from the same vessel in each part of the experiment.
Tow tenths of a cubic centimeter of methylene blue was used
in each tube. The results were as follows:

Experiment V Part 1

Sample No, Temperature Time required Bacteria Number

1 18 degreescC. 50 min, 13,800,000
2 31 e Ce 38 min, 13,800,000
3 37 " Ce 26 min, 13,800,000
4 42 . Ce 24 min, 13,800,000
5 50 " Ce 23 min, 13,800,000
6 60 " Ce 35 min, 13,800,000
y 70 . Ce 1lhr, 5 min, 13,800,000
8 85 - C.e Did not reduce .
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Experiment V Part 2

Sample No, Temperature Time Required Bacterial Number

i | 18 degrees C 1 hr, 17 min, 1,320,000
2 31 ’ " 1 hr, 10 mind- .
¢ 3 37 ~» ' # 59 mir:I "
s 40 » \ 57 min, 4
5 45 " " 57 min, .
6 50 » " 56 min, »
7 60 » " 48 min, .
8 70 L, * 1 hr., 58 min, »
9 85 " » Did not reduce -
Sample No, Temperature Time Required Bacterial Number
18 degrees C 1 hr, 10 min, 19,100,000
2 33 " " 58 min, .
3 35 » “ 39 min, "
4 37 i " 20 min, "
5 45 " ” 15 min, -
6 50 " o 16 min, "
7 60 . . 23 min, .
8 70 $ " - o
9 80 " " ~nme "
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Sample No, Temperature Time Reqguired Bacterial Number

' 18 degrees C 2 hrs. 55 min, 8,700,000
2 33 " w1 hr, 42 min. "
3 35 "o M1 nr, 3 mid> "
4 37 "o 55 min, Ei“ "
5 45 "oow 33 min, "
6 50 noow 34 min, "
- 60 nooom s "
8 70 "o ---= "
9 80 § ---- "

From the results of the previous experiment it was
decided that the time required for the reduction decreased
a8 the temperature increased until the temperature reached
a point where a part of the bacteria were killed, or became
inactive, These results also showed that it would be neces-
sary to have a different reduction table for each variation
in temperature of ten degrees Centigrade. The temperature
of 40 to 45 degrees C., no doubt, gave the best results.

Experiment VI

In reviewing the work of various investigators it was
found that they had used different kinds of stoppers for
plugging the tubes after methylene blue had been added. Some
of the investigatdrs were of the opinion that the reduction
process was hastened 2 certain per cent if the oxygen was ex-
cluded, Consequently this experiment was conducted in order
to determine the influence of the presence of air., Rach of
the five samples of milk, constituting one of the following

Liie
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tables, were identical. Various methods were used in excluding
the air. Results were as follows:

Experiment VI Part 1

e Seng
( Sample No, Kind of Stopper Plugs Time%ég;ﬁeduction No,Bacteria
; § With paraffin 2hrs, 17 min, 860,000
2 " 0il1 2 hrs, 5 min, "
3 " Cotton 2 hrs. 23 min, T
4 » Rubber 2 hrs. 20 min, .
5 With-6ut Stopper 2 hrg, 28 min, »

Sample No, Kind eof Stopper Time Required Number Bacteris

1 Paraffin 50 min, 4,700,000
2 0il 55 min, ”
3 Rubber 59 "
4 Cotton 59 min, "
5 Without stopper 58 min, i

Sample No, Kind of Stopper Time of reduction No.,Bacteria

1 Paraffin 1 hr. 15 min, 1,150,000
2 0il 1 hr, 22 min, "
3 Cotton 1 hr, 14 min, ”
4 Rubber 1 hr, 25 min, .
{ 5 Without stopper 1 hr. 19 min, %

From the resudts of this expeviment it is evident that
the manner in which the tube was stoppered did not have any
effect on the time required for reduction. The tubes that

were not plugged at all reduced in practically the same length

B B B B BN B By B B |
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of time as those which were stoppered with melted paraffin.
It probably would be advisable, however, to use cotton for
stoppering the tubes, in order to keep out”foreign material.
<.
Experiment VII

The work in this experiment was conducted in order to
determine the effect of an antiseptic upon the reduction
process. Some of the work was conducted with milk which

had been drawn under aseptic condi tions in order to determine

the effect of secretions upon the reduction test, After

chloroform was added to the milk it was allowed to stand for a
period of thirty minutes Wefore the methylene blue was added.
The results were as follows:

Experiment VII Part 1

Sample No, Amt, Chloroform No. Bacteria Ne. Bacter- Time
Added 30 min, after ia Required

Chloroform was

Added
1 None 580, 000 3hrs,25"
b § O CoCo None Not re=-
duced
2 None 630,000 3 hrs, 15"
2 «d CoCo None Not re-

duced
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Sample Amt, Chloroform No. Bacteria Ne. Bacter- Time
No. Added 30 min, after ia Required
Chloroform Was Added

1 None H”‘" 1,800,000 1 hr. 30"
( 1 .3 c.ce 16000 Not reduced

2 None 2,200,000 1 hr, 5"

2 2O CoCo 18000 Not reduced

Sample Amt,Chloroform No.Bacteria No(Bacter- Time

No. Added 30 min, after Chloro=- ia Required
’ 1 form was added
- 1 None 2,800,000 1 hr, 18%

‘5 ed CeCe 600 Not reduced
F 2 None 1,670,000 2 heg. 12"
h 2 oD C:Cs 1100 Not reduced
. Sample Amt,Chloroform No, Bacterie No, Bacteria Time
: No. Added 30 min, after chlo- Required
. roform was added

1 None 480,000 3 hrs,18"
! 1 s 8.8, None Not reduced
‘ 2 None 670,000 2 hrs,25"
; \ 2 O c.e, None Not reduced
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Sample No., Amt, Chlo=-

roform Added
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No .Bacteria No. Bactéer- Time
30 min, after chlo- ia Required

roform was added

- 3 None 930,000 1 hr., 56"
1 O c.cCe None ?w%» Not reduced
2 None s 540,000 2 hr, 10"
2 +5 c.0, None Not reduced
Sample Noc., Amt, Chlo- No.Bacteria No.Bac= Time Re=
roform added 30 min.after chlo=- teria quired

roform was added

3 None 860,000 2 hrs, 15"

1 o3 0.0 None Not reduced
2 None 1,250,000 1 hr, 37"

2 5 c.c, None Not reduced

Experiment VII Part 2

This part of the experiment was performed with milk which

was drwen under aseptic conditions and was conducted in order

to determine the reduction power of freshly drawn milk, also

to determine whether or not reduction was caused by secretion.

The temperature used in the experiment was 37 degrees C, The

results were as follows:
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Cow Kind of Time Required Number racteria No. Bacteria
No,  Milk after 24 hrs,
1 Fore Milk 18 hrs. 1260ﬂ 18,000
1 Niddle Milk Not reduced sﬁo\“ 9,100

24 hrs,
1 B After Milk Not reduced 420 . 11,000

24 hrs.
Cow Kind of Time Required No.Bacteria No. Bacteria
No, Milk after 24 hrs,
2 Fore Milk 12 hrs, 2900 27,000
2 Middle " Not reduced 24nrs. 810 15,000
2 After * . s N 470 17,200
Cow Kind of Time Required No.Bacteria No. Bacteria
No., MNilk after 24 hrs,
3 Fore Milk 16 hrs,. 4800 32,000
3 liiddle " Not reduced 900! 21,000
) After " s " 950 22,000
Cow Kind of Time Required No .Bacteria No.Bacteria
No, Milk after 24 hrs.
| Middle 1 hr, 55 min, 786,000 Three days old
2 » 1l hr, 37 min. 980,000 . " “
3 " 2 hrs, 35 min, 550,000 " » #

-

Reduction did not take place in any of the samples of milk
which contained chloroform, presumably because of the lack of
living bacteria, The samples of the same milk which did not

contain chloroform and which contained large numbers of bacteria
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peduced the methylene blue in a reasonable length of time.
From these results it appears that reduction does not take
place under conditions which are not favorable to the growth
of bacteria. In the samples of milk wha%h were taken under
aseptic conditions reduction did not takt place until the
pacteria had time to developg thus prowing that the reduc=

tion is caused by an enzyme secreted by bacteria during their

growth.




Tubes: of milk reduced and not reduced.

7~
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Summary

> % The time required for the reduction of methylene is
practically the same for any given nu%kéﬁ*of bacteria,

§ 2. The time required for reduction :%hnot be estimated
exactly on scawunt of stight variations.
3. All bacteria commonly found in milk have the power
of reduction.
4. B, Coli, B, Subtilis, and yeast prove to have the
greatest reduction power.
Se Acid=-producing bacteria require a longer time for
reduction than other bacteria,
6. The percent of acidity does not affect the time required
for reduction.
y Different strengths of methylene blue require different
lengths of time for reduction.
8. Temperature modifies the time of reductioen,
9. Reduction temperatures vary from 18 degrees C to 60 degrees
C, with the greatest activity at from 40 degrees to 45 degrees
c.
10, The presence or absence of oxygen has noeviaent effect
on the time of reduction.
11. The reduction is checked by the use of an antiseptic,
: 3 The reduction probably is caused by an enzyme secreted
by bacteria during their growth in milk,
13, The methylene blue reduction test is an efficient test

for determining approximately tne number of bacteria in milk.
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