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I. INTRODUCTION

The reductase test, with methylene blue as an indicator, has been
in use for over thirty years in determining the bacteriological quality
of raw milk. During that time, particularly after its adoption as a
standard method of milk analysis by the Americen Public Health Associa-
tion, various defects of the methylene blue test have becoms apparent,
and other dyes have been sought which would eliminate some of these
objections.

With this purpose in mind, the dye resazurin (C32H704N) was ine
troduced to replace methylene blue in the reductase test. At present,
a considerable amount of experimental data has accumleted on the resazu=-
rin reductase test. Many of the reports claim that resazurin is a more
efficient and reliable indicator of raw milk quality than is methylene
blue. The 8th edition of Standard Methods for the Examination of Dairy
Products mentions the resazurin test, but it has not been accepted as a
standard method.(2) This publication states;(#)

The chemlstry of resazurin, the suitability of the commercial
preparations now on the market, end points, anomalies, and a suit=-
able resazurin test are all at present in controversy. In view of

this situation, no recommendation either for or against the use of
this test is made at the present time,

Although a number of these points have been clarified since the

above was published, (1941), it was found in reviewinz the literature

(%)
American Public Health Association. Standard Methods for the

examination of dairy products. 8th ed. P.66. New York. 1941,




that there is little agreement as to whether the resazurin test is a
suitable test of milk quality. This suggested a study to decide on a
suitable resazurin test, and, after comparing it with other standard
toests to evaluate its usefulness to the milk sanitarian in routine
control work, or in a quality improvement program. In addition, a test
was sought whioch would indicate the presence of mastitis milk in bulk
producers samples and thus point out the herds requiring mastitis cone
trol., The resazurin test for this purpose was compared to the commonly
used mastitis tests, physical examination of the udder, and inspection of
the dairy farm premises.

The abbreviation "Standard Methods™ which appears in this thesis,
refers to Standard Methods for the Examination of Dairy Products -
Mierobiological, Bioassay and Chemical, and is used to avoid repetition

of this cumbersome title,
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II. REVIEW OF LITERATURE

Pesch and Simmert (39) in 1928 appear to have first used resazurin
in testing milk, and they were followed shortly afterward by Waldbauer
(66)s Mundinger and Wolf (34) in 1933 described the complete reduction
of resazurin as occurring in two steps. The first step, in which resa=
surin changed to resorufin, was said to be irreversible. In the second

step the resorufin changed to hydroresorufin, a reversible reaction.

0 ¢ OH
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Resazurin Resorufin Hydroresorufin
(blue) (pink) (colorless)

The end product was later designated as dihydroresorufin by Baker (4)
and by Twigg (56).

Ramsdell, et al (44) in 1935 published the first comprehensiwve work
on the resazurin test, and interest in the test as a practical measure
dates chisfly from this publication. Ramsdell's study showed that when
the test was applied to abnormal milk, a charaocteristioc reaction resulted--
an early initial reaction followed by a delayed final reaction. Their
results showed a general relation bestween the leucocyte content and resa=-

zurin reduction, and was the first work suggesting that the resazurin test

could be influenced by cells other than bacterial. They were unadble to

produce resazurin reduction by adding washed leucocytes to milk. Ramsdell
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roported that milk with a high catalase reading reduced resazurin within
one hour, hence he suggested that only one hour was required for the
test, a contention which has formed the basis for much of the contro-
varsy surrounding it, The chief conditions reflected by the resazuria
test in milk were outlined as followss(*)

l, Rapid reduction, quickly completed.

as High contamination with aotively growing bacteria.

be Presence of strongly reducing organisms.

ce Pathologically abnormal milk, i.e. mastitis milk.

de Physiologically abnormal milk, colostrum or late lactation.

2. Slow reduction during 4«5 hours of incubation.

a. Low bacterial content.
bs High content of dead, inactive or weakly reducing organisms,.
ce Low cell content.

3. Slow reduction, followed by rapid reduction.

ae Physiologically normal milk with a low bacterial content.
b, High bacterial count with organisms in lag phase at first,
Reduction becomes rapid as the logarithmic phase is entered.

4, Rapid reduction, followed by slow reduction.

a. Pathologically or physiologically abnormal milk,
be High bacterial content, but bacteria well advanced in the
logarithmic phase, and hence poor reducerss.
Strynadka and Thornton (49) in 1938 added washed leucocytes to
normal milk and were unable to demonstrate any effect on methylene blue
reduction. They concluded that the abnormal udder conditions responsible

for abnormal cell content are responsible for abnormally high concentrae

tions of reducing substances in milk. They did not identify these

@)Ramsdell, GeAs ot al. Investigation of resazurin as an indicator
of the sanitary condition of milk. Jour. Dairy Sci. 18;715. 1935,
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cubstances but merely inferred thelr presencs.

Little (31) also studied the effects of leucocytes in milk on resa=
zurin reduction. He found that the dye was very sensitive to pathologi=
cally or physiologically abnormal milk, as indicated by a high cell con=-
tont or mastitis streptococei, or both; whereas the methylene blue test
was only slightly affected by these factors. He concluded that these
factors account for much of the disagreement between the two tests in
milks which were slow on methylene blue reduction. This was later con=-
firmed by Barkworth (5), and by Thomas and Probert (63). Johns and
Howson (28) pointed out another source of disagreement, viz., that resa=
zurin was much more sensitive than methylene blue to weakly reducing
organisms.

Barret et al (7) found that staphylococci and cells dus to mastitis
or colostrum caused rapid reduction of resazurin, making the test very
sensitive to abnormal milk, They olaimed that the resazurin test gave
as much information in one hour as the methylene blue test in seven hours.
This oclaim was subsequently repeated by Warner (57). Other investigators,
however, made more conservative claims, stating that resazurin gave as
much information in one hour as methyleme blue in six hours (30), in five
hours (43), (8), or in two hours (54).

Warner (57) compared resazurin with methylene blue and found no
significant difference betwesn the reduction time to white of either dye.
He was unable to show any relation between resazurin pink and the leuco=
cyte count or standard plate count. He first reported the effect of light

on the resarurin test, and found that indirect light was of no practical
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significance. Direct light, however, so speeded up the reduction that
many samples were seriously downgraded. This work was confirmed in 1938
by Frayer (17), who found that resazurin was very semsitive to sunlight
and artifiocial light. However, Thornton et al (54) stated in 1941, that
they had not observed this sensitivity which others had reported.

Warner found that the reduction time for a sample of homogenized raw
milk was shorter than that for a sample of the same milk that was not
homogenized., He plated the samples and found a higher plate count in most
of the homogenized samples. He concluded that both the higher plate count
and the shortened resasurin reduction time were due to the breaking up of
the bacterial clumps in the homogenized sample. However, Jomns (24) set
forth that the clumping of organisms had little or no effect on reduction
time, Warner's second suggestion, that the faster reduction in homogenized
milk was due to the fat globulss not rising, thereby preventing a large
number of bacteria from being swept out of the milk-dye mixture, was borne
out by later work.

Frayer (17) reported in 1938 that the resazurin test showed little
correlation with the standard plate coumt; however, this work was done
before the adoption of the T.G.E.M. agar prescribed by the 8th edition of
"Standard Methods", He found it showed a fair correlation with the cell
content of milk drawn aseptically from individual cows; that it was sen=
sitive to the presence and activity of bacteria; that efficient initial
cooling seemed to retard reduction; and that replicate tests yielded simi=-

lar results, making the test a dependable one. The latter point was cone
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£irmed by Phillips and Soulides in 1943 (40).

Using the .005 per cent solution of the dye, Frayer found that the
test was only slightly affected by minor variations in dye concentration.
This solution was suggested by Moldavan (32), and has been widely adopted,
since minor errors in measuring are of less significance in 1 ml. of &
«005 per cent solution than in .1 ml. of the .05 per cent solution suge
zested by Ramsdells This portion of Frayer's work was confirmed in 1939
by Davis & Thiel (13). Fabian, however, suggested the use of the .06 per
cent solution as late as 1945 (16).

Frayer found that initial cooling and holding seemed definitely to
retard reduction. This effect had been previously noted by those working
with the methylene blue test. Frayer referred to Johns' hypothesis (23)
that prolonged reduction time with methylene blue was due to the fact
that the bacteria were rendered dormant by prolonged refrigeration and
hence took longer to attain their maximum growth than those not refriger-
ated, However, Frayer felt that in the case of resazurin, a dye more
sensitive to exhaustion of the oxygen dissolved in the milk, low tempera=
ture had a more direct effect, viz., the milk contained more dissolved oxye
gen, and the bacteria and cells consequently took longer to use it upe.

He based this contention on the observation of Jackson (22), that milk
drawn anaeroblically from the udder reduces methylene blue almost instan-
taneously, and the known fact that water can dissolve nearly twice as
much gas at 40°F as at 98°F, and milk could be expected to behave in the
same waye In presenting this hypothesis he did not attempt to refute the

point that low temperature retarded cell metabolism, but mersly to ela=
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Apparently in conflict with Frayer's observations, Morris and Edwards
found that storage of milk at 40°F for 18 hours prior to testing appeared
tc accelerate the reduction of milk with a high cell content (35).

Nelson and Foltz (37) in 1938 found that milk with a leucocyte count
above 500,000 tended to produce a change in resazurin within ore hour. They
alsc reported that a number of the commerciel dye preparations were useless
for testing purposos,

Nelson (36) and other workers confirmed the fact that wvarious batiches
of reseszurin dye varied greatly, &nd emphasized the need for = reliable dye
suitable for testing purposes.

In 1939 Johns (24) outlined the advantages of the resazurin test over
counting methods, on the tasis of his work;

l, Examines a much larger portion of the milk then
counting methods, thus avoiding serious errors fre-
guently met with in such methods due to uneven dise
tribution of the organisms in the milk.

2. The clumping of organisms has little or no ine
fluence on the reduction time, while the nlate
count, and to a lesser extent the direct micro=
scople count, are seriously affecteds

3¢ The recuction test is sensitive to the state of
activity of the orgarisms which the counting methods
fail to reflect.

Johns pointed out the necessity of inverting the tubes every thirty
minutes during incubation to keep the bacteria uniformly distributed *hrouzh-
out the milk. This procedure gave a truer picture of the oxygen consuming

activity of the bacterial flora. Subsequent investigation by Davis and Thi=l

13) cenfirmed these results, and it is now generally accepted that the
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tubes should be inverted at intervals during incubation. Skar (48)
recormended that the tubes be filled to the top to exclude air, and a
glass bead placed in each tube to aid mixing upon inversion. Abele (1)
reported that inverting the tubes every 30 minutes in the methyleme blue
test gave a higher degree of agreement between plate count and reduction
time than did the ™Standard Methods" (8th ed.) test.

Johns (24) thought that recording the resazurin coloer after one hour
as recommended by Remsdell (44) was less accurate than recording the time
taken to reach the pink stage, as a high proportion of high=-ccunt milks
were placed in the highest grade by the first method. For this reason
Johns favored the latter method of reading the test. However, Davis (10),
while admitting the truth of this contention, did not agree with his
recommendation. He pointed out that ome of the advantages of the resa-
zurin test over the methylene blue was that it yielded information in
2-1 hour instead of 4~5 or more hours. By waiting to read the test when
it reached the pink stage, this advantage would not be utilized.

Johns also observed that the correlation between resazurin color
end cell count was poorer with market milks than with quarter samples.
This he attributed to the fact that cells would be fresh and unweshed in
quarter samples, whereas they would tend to be aged and washed (diluted
with other milk) in producers bulk samplese

Davis and Thiel (13) in 1939 compared; (a) Observing the time re=
guired for reduction to an arbitrarily defined end=point, with (b) recorde
ing the color after a given time, e.g. % or 1 hour. They found that both

methods gave much the same results for observation times up to two hours.



«10-

They reported 22 per cent contradicticns between the resazurin test and
the plate count, and 10 per cent between resazurin and methylene blue.
Three per cent of their samples were unjustly condemmed by resazurin, i.e.
feiled resazurin and passed the plate count. They stated the latter were
abnormal milks because they were catalase positive. However, it should
not be inferred from this that the discrepancy was due solely to the re-
ducing activity of body cells. Packer (38) reported that micrococci grew
sufficiently in milk in 24 hours to produce a positive cetalase test.

Davis and Thiel as well as numerous other workers suggested various
colors at a specified time as being indicative of certein grades of milk
quality; but as these colors did not refer to any definite standard, they
are not quoted here., Johns and Howson (29) suggested the use of the Mun-
sell color system to provide a standard when they published their work on
the triple=reading test in 1940, They also emphasized the importance of
a. standard source of light in reading the test. A color comparator for
resazurin testing was devised by Davis and Thomas in 1940 (14). They
adepted it from the Lovibond comparetor used for reading the phosphatase
test,

In 1939, Russel et al (67), proposed the resazurin test as a
diagnostic test for mastitis. Quarter samples were taken from sub-
clinical cases during the middle of lactaticn. With cultural examination
end cell count as the basis of comparison, they reported getting 1.8 per
cent falee positives, these cases being negative to the first two tests.

The percentage of false negatives, in which resazurin failed to detect

cases diagnosed by the other two tests was much higher, in the neighborhood
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¢ 25 per cent. These workers reported that the resazurin test was sensi-
tive to the presence of streptococeci and staphylococci but not to micro-
cocci. They pointed this out as a valuable feature, since micrococci
seemed rarsly to be involved in the etiology of mastitis. They also re-
marked that since the color changes in resazurin were due to both reductase
and catalase, its results were more =ccurate than those of the pH indi-
cators, such as trom thymol blue.

Davis (9) described the resazurin-rennet test in 1535, He proposed
it for the sanitary control of raw milk, and claimed that it fulfilled a
"erying need". In this combined test, the resazurin indicated the cellu=
lar and bacterial content; and the rennet, the chemical composition of the
milk. Davis standardized his rennet tc clot normal milk in less than 860
and mors than 30 minutes, end then classfied milk on the basis of clotting

time as follows;:(*)

Time Description Reasons
cletted in % hr fast acidity resulting from

bacterial growth, or
presence of colostrum

clotted in >3 hr normal

but €1 hr

not clotted in 1 hr slow abnormal composition,
low casein and calcium,
high pH, globulin and
chloride content

(*)

Davis, J.Ge The resazurin-rennet test for the commerzial ccntrol
milk supplies. Dairy Industries. 4:422, 1939.

o

o1
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Davis classified milk on the basis of resazurin reduction as follows:

No change (blue) after 1 hour - good

No changs (blue) after # hour,
but changed after 1 hour = indifferent

Change to mauve, pink or white
in & hour - bad

Schacht and Nichols (47) in 1941 reported using the resazurin-rennet
test on producers bulk samples. They read the results at once, at the end
of one hour of incubation, and classified milk according to Davis' classi=-
fication, as outlined above. They did not attempt to classify color
changes; the milk either remained blue or showed a change. On this basis,
and using Davis' clotting times, they classed 36.4 per cent of their same
ples as unsatisfactory because of dye reduction, failure to eclot, or both.
Since methylene blue and Breed counts, which they ran simultaneously, showed
much smaller percentages of poor quality milk, the queetion was raised
whether the resazurinerennet test condemned satisfactory milk. Schacht
and Nichols attempted to evaluate the test by comparing it with sanitary
conditions of the herd and farm instead of with commonly used standard
testss They concluded that the resazurin-remnet test showed wmsatisfactory
farm conditions in 89 per cent of cases, whereas methylene blue picked out
only 14 per cent, and the Breed count 50 per cent.

In 1942, Davis (11) proposed the resazurin-rennet test for the detec=-
tion of mastitis. He stated that mastitis samples usually reduced the dye

and failed to clot. He did not propose this test as a substitute for plat-



ing, tut claimed it to be the most informative of all the indirect tests,
and one easily carried out. He found that resazurin did not affect the

clotting phenomenon, nor did clotting affect reduction. The following is
Davis' interpretation of the resezurin-rennet test after one hour of in=

cubetion, as used for the detectiocn of mastitis;(*)

Resazurin Rennet Reading
blue + normal
mauve or pink + high in celle, but

normal in composition

Hlue - normal in cells, but
abnormal in composition

mauve or pink - high in cells and
atnormal in composition

Morgen and M'Kenzie (33) took mixed fore-milk samples of individual
cows and also bulk herd samples. They sutjected the individual samples to
various mastitis tests and both typss of samples to the 1 hour resazurin
test. They reported that the reducing activity of body cells which re~
mained 24 hours after milking would rarely be sufficient to degrade the
bulk milk of a herd., Thomas and Probert (53) stated that in 24 hour old
milk a ca2ll count of 1,000,000/&1. wes rejquired for ective reduction.

Thomas and Bowie (51) in 1947 suggested caution in degrading milk with
the resazurin test during thc winter months, when a high proportion of the
cows were in late lactation,.

Davis et al (15) studied the part played by masti*tis cslls in high

*
) Devis, J.Gs PRacteriological methods for the large scale detecw=
tion of mastitis. Veterinary Record. &54:146. 1942,
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count milk. Usinz the rapid resazuria test, they reported that 24 hour
old cells d4id not appreciably influence the reductione

Frayer (18) in 1940 described the role of the dissolved oxygen, nitroe
zen and carbon dioxide in milk on dye reduction, and elucidated the funda=-
mentals of the resazurin reduction process. This was followed by a fure
ther report in 1942 in which he discussed critically the biochemical basis
of dye recduction in milk. He pointed out that it would not be safaly as=-
sumed "that all resazurin color changes in milk result from milk ebnor-
malitiss deleterious to quality™. (*)

Thomas (50) in 1943 described sterility investigations on resazurin
solutions prepared from powder and tablets. He stated that solutions pre=
parad from powder were less likely to have a high bacterial content than
those prepared from tablets, as the "binder™ used in the tablet acted as
a bacterial nutrient.

Thomas found that remcval of a portion of the cells from a milk sample
by centrifuging and discarding the sediment resulted in a loss of reducing
activity in the supernatant portion. He also found that by adding the
centrifuge sediment to normal milk an increase in reduction was obtained.
e compared the reducing activity of leucocytes in bulk producers milk
and in samples of the same milk held for 24 hours either in the refrig-
erator or at atmospheric temperaturs. Fe found a significant decrease in
reducing ability after 24 hours, evsn in individual cow samples,

Johrs reported in a private communication to Davis (1D) thet the

(*)Frayer, JeMs Dye raductiorn in milk relatsad to Zh,pH and dissolved
zases. Vermont Agr. Expt. Sta. Bull. 4£8:32. 1942,
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thermoduric types of bacterim, when present in high numbers, behaved
similarly to tody cells in resazurin. They produced a slight color change
fairly soon, then levelled off, and reguired 6 hours or more to reduce to
whits, This observation first pointed out the limitations of the resa=
zurin test for pasteurized milk, although Warner's earlier work (57) sug=
zested this possibility.

Provan and Rowlands (42) in 1943 suggested that resazurin might be
more useful than pleting methods in pesteurized milk controls Since the
vhosphatase test assajyed the efficiency of the pasteurization process,
thers was need2d chiefly a simple test to dstect subsequent contamination.
They criticized plating methods because these emphasized bacterial numbers,
which in pasteurized milk were usually due to thermoduric organisms, which
had 1ittle relation to the keeping quality. They pointed out that it was
the organisms which survived in small numbers or were conteminants from
pleat cquipment which Influenced keeping quality; and that a suitable test
was cne which would refleect their presence, rather than mere numbers.

Powlands (45) in 1944 described the application of the resazurin test
to pasteurized milk control. The milk had to be stored at 60=65°F for a
periocd before testing, to enable any contamirating bacteria from plant
equipment tec proliferate. Rowlends claimed that no unfairness would re-~
sult to the plant operator from factors beyond his control, since the
thermoduric bacteria were very inactive dye reducers. In other words, the
test would not be influenced unduly by organisms contrituted by the pro=

ducer and surviving pesteurization.
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In 1644 Johns (27) recommended the adopticn of stendard dye tablets
which he described. These were approved thet same year by the Biological
Stain Commission, and a uniform source of dye was available for the first
time to American workers, making it possible to compare results obtained
in different laboratories.

Watts and Stirling (58) in 1944 carried out a careful study on the
diagnosis of mastitis by the resazurin test, and on the influence of mas=-
titis milk when mixed with normal milk during ordinary dairy operations.
They used milk of high bacterieal quality so that the effects observed
were primarily attributable to body cell activity.

After selecting a standard, (Lovibond disc 4 within 30 minutes),
they found false negative readings occurred in 88 per cent of their
tests on quarter semples; and that no combination of color and incubation
period would give less than 30 per cent error. They concluded that since
feilure to reduce resazurin was no indication of freedom from mastitis,
that the test was of very limited value for its routine diagnosis.

Regarding the effect of bulking, they reported that individual cow
samples showed a marked decrease in reducing ability compered to abnormal
quarter semples; and that this decrease was corresperdingly greater in
milk=can samples containing several cows' milk. They noted that up to
73% of the milk in a can could be derived from cows infected with mastitis
without significantly affecting the resazurin test.

Barkworth and Jones (6) in 1944 found there was a tendenoy among
certain workers to record most samples as being a match to the comparator
colors rather than attempt to interpclate. They concluded that proper

care and discrimination were not always in use and recommended tightening
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up of color matching requirements.

Davis and Jones (12) described attempts to obtain an inhibitor for
leucocytes which would allow resazurin to reflect bacterial activity only.
They were unable to arrive at a satisfactory method for inhibiting cell
reductions

Golding and Jorgensen (21) in 1945 compared the resazurin grade and
the standard plate count for determining raw milk quality., In this study
they used the T.C.E.M., agar prescribed by the 8th edition of "Standard
Methods"™. They reported a closer agreement between the two methods than
had earlier workers who used the previously prescribed agar. They also
published a comparison table for the Lovibond comparestor and the Munsell
grader, and drew attention to the fact that accurate readings were impos=-
sible without the use of a comparator. They reported that the ten minute
test was of real value in rejecting very poor milk, but that greater re=-
finement could be obtained by continuing incubation to 30 or 60 minutes.

In 1945 Thomas and fourteen collaborators (52) reported the results
of an exhaustive survey embracing 525,000 milk samples subJected to the
routine resazurin test in 32 laboratories, In the British test, the proe
ducers milk is sampled at the time of delivery to the plant, and then kept
in the shade at atmospheric temperature approximately 24 hours from the
time of production. The storage box contains thermometers which record
the minimum end maximum temperatures, and from these the mean temperature
for the storage period is celculated. This temperature is then applied to
a compensating scale, which tells the pericd of test incubation required

for the samples. The incubation periods vary from 150 minutes for a stor=-
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age temperature of 35°F and lower, to 6 minutes for a storsge temperature
of 65°F and over. Incubation is at 37.5°C. The color obteined after the
required incubation pericd is then applied to ancther table and the grade
of the milk is read. The gredes are A, B and C.

Thomas et al found the routine resazurin test could give a better
correlation with keeping quality than could titratable acidity. They
reported that naturel illumination through a north window was best for
reading the test, and recommended a flourescent light for seasons when
natural light was inadequate.

It is of interest to note that resazurin has been proposed for con-
trel work in the food industry as being applicable to comminuted meats,

eggs end dried vegetables(3), (41).
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II1. METHOD OF PROCEDURE

A, Obtaining Milk Samplee

The milk samples used in the 1 hour and 10 minute (rapid) resazurin
tests were pint samples taken by the Milk Sanitation Department of the
City of Ames between 15 March and 15 July for routine analysis. They were
producers' semples representing mixed morning and evening milk and were
handled throughout the sempling procedure as prescribed by "Standard
Methods™. Samples for resazurin testing were withdrawn from the bottles
irmediately after the samples for pletings The milk semples were then
subjected to the specific gravity, acidity and sediment tests.

The mastitis milk samples were quarter samples drawn under aseptic
precautionss The udder was cleaned with a cloth wrung out of warm water
containing 200 pepems of chlerine. This was followed by swabbing the teat
with 70% ethyl alecohol, paying particular attention to the orifice. Sev-
erael squirts were drawn into a strip cup and examined for abnormal consti=
tuents. Six mle of the fore milk was then milked into a brom cresol
purple tube, 15 mle. into a tube for the catalase test, and 15 ml. into
a sterile bottle for resazurin testing and for the preparation of Breed
smears, Catalase tests were set up within an hour from the time the
samples were drawn. Brom cresol purple tubes were read, and then incu=
bated for the Hotis test. The incubated samples were plated on blood agar

for cultural examination. Semples for resazurin were placed under refrige



eration within an hour from being drawn and were tested within 4 hours.

Be. Preparation of the Dye Solutions

ls Resazurin solution

Bastman resazurin powder was used at the beginning of the experiment.
For a time resazurin powder and tablets were used simultaneously to com=
rare their action, and the tablset solution alone was used during the
latter two-thirds of the experiment. The tablets (National Aniline),
are certified by the Biclogical Stain Commission* for use in milk testing.

In preparing the solution, a bottle of distilled water was steri-
lized in the autoclave. The bottle wms removed and the powder or tablet
added to it immediately, i.e., while still hot. In the case of the tabe
lets a sterile forceps was used. In the cese of the powder, a .005 per
cent solution was prepared. The tablets contained 11 mg. of dye, and
following the directicns given on the bottle, a 0055 per cent solutiom
resulted when one tablet was added to 200 ml. of water. The bottle was
agitated until the resazurin was completely dissolved, and the solution
dispensed in 50 or 100 ml. amounts into sterile, browm glass, screw-capped
bottles. These were not refrigerated, but kept in the dark at room temm
perature. Fresh solutions were made up weekly and any remaining after a
week's time discarded.

One mle sampics of 7 day old resazurin tablet solution were plated

*Cert. No. NR,4
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on five occassions using T.G.E.M. agar. None of the samples showed any
colonies after 48 hours incubaticn at 37°C. Although the manufacturers
do not state that the tablets are sterile, it was found that the solution
could be prepared free from contamination, and would remain so without the

elaborate storage technics recommended by some investigators.

2. Resazurin-rennet solution

For the resazurin-rennet test Hansen's cheese rennet (liguid) was
useds A "normal™ mixed milk was obteined from the milk cooler in the
Icwa State College dairy, representing the secoretion of the first six
cows milked. This milk fulfilled the definition of a "normal™ milk desige
rated by Davis (9) for this purpose, as a milk from cows free from mastie
tis, with a plate count of less than 100,000, the cows being in full lac-
tation.

0.1, Oel5 and 0.2 per cent sclutions of rennet were prepared by adde
ing the rennet to 100 mls flasks of sterile distilled water. O(mne ml. of
each solution was added to 10 ml. of the test milk ia duplicate tubes,
and the milk incubated in a 37.5°C water bath., Inoubation was commenced
within 30 minutes of obtaining the milk. It was found that the 0.2 per
cent solution clotted in 30 minutes, the 0.15 per cent solution in 40
minutes and the 0.1 per cent solution in 45 minutes. This procedure was
repeated on two succeeding days with milk from the seme source, the clot-
ting time for the two weaker soluticns being prolenged about 6 minutes on
the third occasione.

A resazurin-rennet solution was prepared in the above concentrations
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by adding the rennet to the prepared and cooled solution. Coagulation
times were found to be approximately the seme as for the aqueous rennet
solution, the times being read to the nearest 5§ minutes. It was decided
to use the 0.15 per cent solution (0.15 ml, remnet in 100 ml. resagurin
solution) as it fulfilled the reguirements of clotting in less than 60
minutes and more than 30, and would give a quicker reading than the Q.1
per cent soluticn.

The rennet was kept in the freezing chamber of the refrigerator in a
brown glass, screw=-cepped bottle. It was returned there immediately after
useé. Resazurin-rennet solutions were prepared fresh for use each time
immediately before testing, and remaining solution discarded, as rennet

guickly loses its potency in dilute solutions.

Ce Technic of the Tests

l. Reading the tests

For reading the tests, artificial lights in the room were extinguished,
and netural light was used. A window which was not receiving direct sun=
light was chosen, and at no time were the samples exposed to direct light
either natural or artificial. By moving the samples along the table to
and from the window an optimum illumination which trought the color con=
trast out most clearly could quickly be found.

The rack of tubes was removed from the incubator or water bath, and

the Munsell grader* used to selsct the colors in the milk tubes. During

*
Resazurin Color Grader, manufactured by the Munsell Color Co., Inc.,
Baltimore, Md.
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the course of this study, a modified comparator (Figs. 4 and 5) was de=

vised using the Mwumsell grader colorse, which facilitated the reading of

the test. The modified Munsell grader was found to speed up the color
matching process, whioh is important where the tubes are to be returned for
further incubation. Figs. 1-2, and 3, show the Lovibond Comparator and the
Munsell color grader, respectively. Fig. 4 shows the modified Munsell grader.
Fig. 5 shows the Munsell grader above, and the modified version below.

It was found that the use of the tablet solution resulted in a closer
match between the colors in the milk and those on the grader than did the
powder solution. No difference in reduction times was noted on the dupli=-
cate samples run to compare the two solutions.

The grades used to designate the milks were 1, 2, 3, 4, 5, 6, 7, 8 and
W (white)e The colored papers on the Munsell grader were arbitrarily de~
signated 1, 3, 5 and 7 reading from blue to pink. The numbers 2, 4 and 6
were assigned to colors intermediate between those on the grader, and the
number 8 for the color intermediate between 7 and We Therefore, 2, 4, 6

and B8 represent the reader's estimate rather than a definite color notation.

2s Ten minute and one hour resazurin tests

These tests were applied to producers! milks secured by the City of
Ames Milk Senitation Department. Glass tubes of 17 ml., capacity were used.
These were provided with rubber stoppers and sterilized in the autoclave,
No more than ten tubes were set up in a rack, so that the difference in the
time the dye wms added would not be too great from the first tube to the

last., Ten mle of milk was pipetted into each tube. This was followed by



1 ml. of resazurin solution. Ten ml. pipettes were used, and no pipette
was introduced into the solution more than once. The tubes were stoppered
and inverted once to mix the dye and milke About 3 ml. of air remeined in
each tube after it was stoppered.

The tubes were immediately placed in the 37°C incubator and read af=-
ter 10 minutes and after 1 hour of incubation. Each rack was inverted
once, half an hour after commencing incubation. Samples 78 to 85, and 96
to 122 were run in duplicate to compare the reduction obtained with resa-

zurin solution prepared from powder (Eastman) and tablets (National Aniline).

3¢ Resazurin-rennet test

This test was applied to guarter samples from quarters giving positive
readings on one or more of the mastitis tests. Sterile tubes were used
as for the resazurin test. Ten ml. of mastitis milk was pipetted into
each tube, followed by 1 ml. of resazurin-rennet solution. The tubes wers
stoppered and inverted once to mix the dye and milk, then placed in a
37.5°C water bath. Following this, duplicated Breoed smears were prepared
and counted, and the counts averaged. Readings were made every 15 minutes
for resazurin color and for coagulation. A tube of normal milk, as de=-
fined under section B2 above, was placed in each rack with the mastitis
samples as a control,

During the study, fourteen of the mastitis milks were drawn in larger
amounts, and placed in the rack in duplicate. (me set of tubes received
resazurin-rennet solution, and the duplicate set resazurin solution. Reade

ings were made to compare the rates of reduction in the milk of the two



«25=

solutions. No difference in reduction rate was ohserved between the masti-

tis samples tested with resazurin and those tested with resazurin-rennet

solution.

4, PEffect of udder cells in sterile milk

Low count milk was obtained from the Iowa State College Dairy, tubed
in 10 ml, amounts and ™sterilized™ in the autoclave, This milk was held
10 minutes at 221°F., While this did not result in absolute sterility, it
enabled the milk to remain white, and thus give a normal color match with
the addition of resazurin.

Freshly drawn mastitis samples were pipetted into sterile centrifuge
tubes in 10 ml, amounts and centrifuged 20 minutes at speed nc. 20, The
result of this was that 60-70% of the body cells were deposited in the
centrifuge sediment, as determined by Bresd counts before and after centri=
fuginge.

The butter layer on the centrifuged samples was then broken up with e
gterile needls and the supernatant poured off into a sterile tube., The ree
maining sediment was resuspended in % mle of "sterile® milk, which was de=
canted back irto the remaining 9% mle in the tube. The tubes were then
rofrigeratsd for 1 hour to inhibit bacterial growth.

For testing, the sample s were set up in the rack as follows: one tube
of mastitis milk, one tube of the same milk with a portion of the cells
centrifuged out, one tube containing the centrifuge sediment in sterile
milk, and a tube of sterile milk as a control. One ml. of resazurin

solution was added to each tube and they were incubated in a 37.5°C water



bathe Readings wers made every 15 minutes for two hours and discontinued
after that time, as it was felt that period was ample to show body cell

activity, and further incubation would reflect the activity of bacterial

growthe



IV. RESULTS

A. Ten Minute and One Hour Resazurin Tests

For purposes of comparison with the Standard Plats Count, both the
resazurin grades and the plate counts have been placed into groups. Table
1 shows the number of samples of each plate count group falling into the

paired resazurin groups for the one hour test.

Table 1
Relation Between Resazurin (ne Hour Test

end Plats Count

- -

Standard Plate TResazurin Grades
Count 1l &2 3 & 4 5 &6 7 & 8 W Totals
NOs %% NOs % NOs % MNOe % NOs %

75,000 and under 83 60e5 46 &35 8 6 = - 137
76,000 = 100,000 43068 7 5348 1 7.7 1 T = 13
110,000 = 250,000 10 38.,4 14 54 1 3.8 1 3.8 - 26
260,000 = 500,000 13 276 22 4648 9 19«2 3 6o - 47
510,000 = 1,000,000 11 24.,4 16 35.6 12 26.7 5 1l.1 1 2.2 45
1,100,000~5,000,000 2 2.4 15 18 16 1943 33 39.8 17 2045 83
5,100,000 and over = - 3 B«.6 9 17 41 77.4 53

Total Samples 404

The most clear cut results in Table 1 appear in the first and last

plate count groups. Oubt of 137 semples with a plate count of 75,000 or
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less none reduced the dye beyond grade 6. All of the 53 samples with a
plate count of 5,100,000 and over reduced the dye to grade 5, 6, or beyond.
Henoce if a sample reduced to grade 7 in one hour it could be expscted to
heve a plate count above 75,000, and if it reduced to grade W, of 1,000,000
or more. Any sample that had a plate count of 5,100,000 could be expected
to reduce to grade 5 or bsyond within an hour.

Due to the great amount of overlapping shown in the table, it does
not seem feasible to make any further predictions regarding correlation.
Neither does it seem possible to assign wvarious grades such as those used
with methylene blue, and relate them to any particular color after one
hour's incubation. While this has been done by some investigators, there
is no basis for it in our results. It will be noted that grades 1 to 4
include samples with plate counts ranging from under 75,000 to 5,000,000,
Grades 5 and 6 include the whole range of plate counts, and grades 7 and 8
include counts from 76,000 to over 5,100,000. The danger of attempting
fine distinetions in correlation is readily apparent.

Table 2 shows the number of samples of each plate count group falling
into the resazurin groups for the ten minute test. Study of this table
will show that the ten minute test is of very little more walue than the
one hour test. All samples reaching grade 4 or beyond could be assumed
safely to be of poor quality e« The number of low count milks tending to
confuse the picture in grade 3 is not large, and most of these, too, are
of poor quality. However, it will be noted that the largest percentagze
of high count milks falls into grades 1 and 2 rather then into the poorer

gradsse. In the 1,100,000 to 5,000,000 group, over a third of the samples



Relation Bebtween Resazurin Ten Minute Test

and Plete Count

Table 2

-

Standard Plate
Count

10,000 and under
11,000 = 50,000
51,000 - 100,000
110,000 - 250,000
260,000 - 500,000
510,000 - 1,000,000
1,100,000-5,000,000

5,100,000 and over

Resazurian Grades

1L 2 3 4 5 6 7 8 W Totals
26 2 i | - - - - - - 28
8l 9 - - = i = - - 90
28 3 1 - - - - - - 32
18 8 2 - - - - - - 26
32 13 2 - - - - - - 47
26 15 4 - " o - - - 45
29 31 11 - - - - - - 83
4 6 5 & 9 8 6 2 9 53
Total Samples 404
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failed to show any reduction whatsoever; and even a bacterial content of
over 5,100,000 was insufficient to initiate reduction in all the samples

of this latter group.

In attempting to explain this poor correlation, the factors affecting
both tests will be briefly considered. Johns (24) has pointed out the
larger size of the sample, the sensitivity to growth phase, and the lack
of influence by clumping, as features of the resazurin test that were ad=
wantagzes. To these may be added the difference in reducing activity of
various organisms, the effect of bedy cells, the effect of the pH of the
milk, and the effect of the reducing system of the milk itself, apart from
the bacterial reducing system. The interrelationship of the wvarious re=
ducing systems in a milk sample is at present ill=-dafined, but may affect
the test significantly.

The plate count may correlate poorly with a reductase test since
one colony may represent one organism or a clump of a hundred. The
standard medium may fail to support certain organiems and the tempera=-
ture is not the optimum one for all organisms in the milk. The plate
count samples a smaller amount of milk than the resazurin test and is in=-
sensitive to growth phase. The plate count measures quantity, the reductase
test biological activity. It appears from the above list that it is per=
haps futils to even attempt a correlation between two tests; however, a
new test must be compared to a standard of some kind if its value is to
be aasessed.

While the resazurin test may possess merits which can be demonstrated

by other methods of study, these are not apparent in attempting to compare
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i% with the standard plate count. Tests read over a longer period of
time, such as the triple reading test of Johns and Howson (29) are

claimed to give more accurate results. We have refrained from lengthening
the reading time since shorter reading time is one of the chief adwvantages
of resazurin over methylene blue, and as Davis (10) has observed, length=
ening the reading time eliminates this advantage to a large extent. It is
doubtful whether the British "routine" resazurin test (52) could be success=-
fully carried out on this continent. The compensating scale used in this
test makes no provision for extremes of temperature which occur annually
in many sections of America. The use of room temperature tests which has
been reported from Britain would also be precluded in America because of
the wide range of room temperatures which prewvails during the year in many

laboratories.

Be Resazurin-Rennet Test

The relation between the resazurin remnnet test and the other mase
titis tests which were used on the quarter samplss is shown in Table 3.
Where letters appear after a sample number they indicate that those quar=
ters belong to the same cow, the number representing the cow and the
letters the quarters. The readings of the brom oresol purple test (BCP 4)
indicate the intensity of the purple color reaction. The readings of the
catalese test are expressed in terms of ml. of oxygen. Bacterial counts
are not included, as bacteria were only rarely observed in Breed smears

from aseptically drawn, unincubated quarter samples. The resazurin results



Table 3

Resazurin=Rennet Test

Guarter Samples

Correlation with other Tests

Sample Strip BCP Hotis Catalase Resazurin Rennet Udder Cells Organism
Cup 10 min 60 Time Isolated

| + + - 6 2 6 45 3,500,000 -
2 + bt - 6 1 7 = tenlebece * -
3 - + - 9 1 1 - 600,000 -
4 - + - 8 2 6 - 15,500,000  S. aureus
S5a = = - 1 1 2 30 200,000 p
Sb + - 10 7 W - 23,000,000 G= rod
Sc - - - 1 1 2 30 150,000 Microce
5d - * - 10 1 1 - 6,600,000 -
6 - + - 8 4 4 15 6,200,000 -
7a. + + - 9 3 2} - 6,300,000 Se uberis
7 - - - 1 1 % o nons Micrococ.
7c - . - 10 1 2 - 4,600,000  S. aureus
7d + - - 0 1 2 80 none Se aureus
8a - + - 2 1 5 80 1,500,000 =
8b - - - 0 1 1 45 300,000 -
9 % + - 5 1 3 " 1,500,000  S. aureus
10 + ¥ - 2 1 2 A5 500,000 =
11 + - - 0 1 2 50 150,000 =

(continued)
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(continued)

Sample Strip BCP Hotis Catalase Resazurin Remmet

Udder Cells Organism

Cup 10 min 60 Time Isolated
12 - - - 0 1 2 30 none -
13 - + - 15 2 8 106 2,200,000 S. aureus
14 - + - 5 1 1 60 290,000 S. aureus
15a % - 13 2 8 30 3,800,000 S. uberis
15b - - - 1 i X 30 120,000 -
16 - + - /i 2 5 45 1,700,000 S. aureus
17a -+ - 6 1 8 30 600,000 E. coli
17b - + - d 1 2 30 none -
18 + k4 - 1 1 2 45 180,000 G. aursus
13 - - - 4 2 45 820,000 S« aureus
20 - + - 3 X 3 45 500,000 -
21 - + - 9 2 5 45 3,100,000 -
22a - + + 6 i 4 30 2,100,000 ©S. agal.
22b - + + 3 1 3 30 1,100,000 S. agal.
23 - + + 5 1 2 75 960,000 S. agal.

*
tenetecse = too numerous to count
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show the Munsell color grade attained after 10 minutes and 60 minutes re=
rpectively. The rennet coagulation time is expressed in minutes. A nega=
tive sign (=) indicates that no coagulation took place within 2 hours.

Most of the quarter samples submitted to the resazurin-rennet test
were taken because they appeared positive either on the strip cup, the
brom cresol purple test, or on both. The subsequent correlation with
these and the Hotis and catalase tests are shown in Table 3. The reducing
influence of the udder cells from the infected quarters of cow no. 5 stands
out quite clearly against the slow reduction (and fast clotting) of the
milk from the two normal quarters. However, in cow no. 7 there is & ren=-
nat false positive in the apparently normal "b™ quarter, and a resazurin
false negative in the "¢™ quarter which was high in udder cells and har=
bored Staph. aureus infection. False negatives also occur in samples 7a,
9, 14, 17a, 18, 19 and 23 in the presence of pathogenic organisms.

The failure of resazurin to give a satisfactory correlation with the
other tests is not in itself an indictment, since each individual test is
subjsct to error. However, its failure to indicate positively against
positive results on a combination of the other tests, and againat positive
cultural results, reveals that it is of little value in the diagnosis of
mastitise The number of false negative resazurin tests is not of zreat
statistical significance in view of the small numbsr of samples presented;
however, the number of false negatives is disturbingly large, inasmuch as
50 per cent of the samples with positive cultural results gave negative
rosazurin tests. This percentage doss not include the samples which ap=

peared markedly abnormal but negative culturally,.
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The failure of the mastitis organisms, though present, to influence
the test is undoubtedly due to their small numbers. Theoretically, it
might be feasible to incubate the samples until the pathogenic bacterial
content rose to the point where it would affect the test. However, this
period of incubation would greatly reduce the activity of the udder cells,
and also increase the non-pathogenic bacterial population, making the re=
sults very confusing from a diagnostic standpoint. The latter point is of
practical importance. Many of the samples reaching the Veterinary Hygiene
Laboratory at Iowa State College contain numbers of saphrophytic bacteria
as contaminants. These organisms elmost invariably overgrow any pathogens
present if incubation is attempted.

The resazurinerennet test was also performed on two composite herd
samples to determine its wvalune in detecting mastitis milk in a producer's
supply. Two herds were checked by the routine mastitis tests shown in
Table 3; however, only quarters from which pathogenic organisms were iso=
lated were considered infected. The incidence of subclinical udder infec=-

tion, as determined by cultural examination, is shown in Table 4,

Table 4

Extent of Mastitis Inflection in Two Dairy Herds

Herd Nos. of Noe. of Normal Atrophied and Inf'ected
Cows Qtrs. Qtrse non=lactating Quarters

Herd A 17 68 65 e 3 (444%)

Herd B 19 76 59 5 12 (15.8%)

The results of the resazurin-rennet test on three consecutive days for
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the bulk samples from these herds is shown in Table 5. The cell count is
the arithmetic average of the counts for the three days. The numbers in

the body of the table are the Munsell color grades at the incubation times

shown,
Table &
Resazurin-Rennset Test of Mixed Herd Samples

Herd Breed Cell Clotting Resazurin Crades
Count Time hr 3hr 3/4nr 1hr 1zhr 2hr
Herd A 275,000 30 mine. 1 2 2 3 4 T
30 min,. 2 3 5 6 7 8
45 min. 1 2 2 E 5 6
Herd B 360,000 30 min. i 4 i 8 3. 1 d S
30 min, i § 18 it 2 3 3
30 mine. 1 1 2 2 3 3

Table 4 shows that herd A had an incidence of infection of 4.,4% of
its lactating quarters, while the incidence in herd B was 15.8%. Due to
prompt and efficient cooling on the B farm, the bacterial population in
this milk was kept very low. It is obvious that the mastitis infection
itself was not able to cause any marked reduction or clotting abnormality
in the presence of dilution with the milk from the normal gquarters. On
the other hand, rather careless production methods on the A farm resulted
in a high bacterial content which gave much faster reduction, even though
the incidence of mastitis infection was little more than a quarter of that
in the B herd.

It is true that microscopic examination would reveal that the reduce

tion in the A milk was being caused by contaminating bacteria; but this



would not enhance the walue of the resazurin=remmet test as a mastitis
indicator in view of the essentially negative results obtained from herd
Be A careful observation of the character of the reduction might also
indicate whether the reduction was due mainly to udder cells or to bace
teria. However, this too, would not obviate the false negative result
obtained with herd B. In a test of this sort a false negative is much
more serious than a false positive, becaus=s a positive would be followed
by exeminations to dstect the individual infections, whereas a negative

result wouldé not be followed up.

Ce Effect of Udder Cells

The influence of udder cells on the resazurin test is shown in
Tables 6 and 7. The numbers in the tables are the Munsell color grades
at the incubation times shown. Table 6 shows that removing a portion of
the cells by centrifuging resulted in less active reduction, as compared
to the uncentrifuged milk, Table 7 illustrates that the addition of the
centrifuge sediment from mestitis milk to sterile milk resulted in more
rapid reduction.

These results are in accordance with those of Johns (26) who found
that the addition of centrifuge sediment to milk hastened color change
in the resazurin test. Thomas (50) reported similar findings. The ori=-
ginal suggestion of Strynadka and Thornton (49) regarding an increased
gecrotion of reducing substances in mastitis milk must still be considered,
perding further elucidation of the biochemistry of resazurin reduction in

milk. It appears, however, that if such substances are present, they are



Action of Udder Cells in Reducing Resazurin
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Table 6

Mastitis Milk

Centrifuged lastitis Milk

Semple | 1/4 1/2 3/ 1 11/2 2 21/2 | 1/a 1/2 3/4 1 11/2 2 2172
1 2 3 4 5 6 6 6 1 I 2 2 2 2 8
2 3 3 4 5 6 6 T 2 3 4 5 6 T 7
3 1 2 2 2 2 3 3 1 1 1 1 1 11
4 1 1 1 2 2 2 2 1 1 1 1 1 11
5 1 & 2 2 2 & 8 1 3 1 1 1 11
6 1 2 2 3 4 4 4 1 I 1 31 1 1 %

* Incubation time in hours

Action of Udder Cells in Reducing Resazurin

Table 7

e —

Sterile inlk

Milk and Cells

Semple | 1/4 1/2 3/4 1 11/2 2 21/2 | 1/4 1/2 3/4 1 11/2 2 21/2
1 1 2 1 31 1 1 3 2 3 4 5 5 6 6
2 ¥ 3 I 3 & 32 2 1 1 2 2 2 2 2
3 ¥ T T 32 & i % 1 & 2 & 2 8 @
4 i1 3 1 1 1 1 1 i1 2 & 2 2 % %
5 1 1 1 1 1 1 1 1 2 2 3 3 3 3
6 i I I 32 3 1 1 2 3 3 4 4 45
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sssocinted with fresh, vnwashed udder cells, since either washing or
ageing of the cells greatly retards the reducing activity of the milk.
Strynadke and Thornton used washed leucocytes obtained from blood and
peritconeal exudate, and when they were unable to shorten resazurin reduc=-
tion time by edding these, they concluded that leucocytes did not affect
reduction. Not only did they fail to consider the weakening effect on the
cells of washing, but also the fact that the wvarious leucocytes were pre=-
sent in 8 different proporticns in mastitis milk and in the blcod stream.
In addition mastitis milk usually contains epithelial debris as well as
leucocytes. Since the effects of each individual type of cell on resa=-
zurin are not known, it is possible that the predominance of polymor=-
rhonuclear leucocytes in mastitis milk eccounts for the discrepancy
between the results of Strymadke and Thornton and those of the other
investigatorse

While not a formal part of this study, opportunity was taken on
several occasions to observe the effect of storage on the reducing power
of udder cells. Mastitis milk samples were divided to give two 10 ml.
samples, one of which wes tested irmedietely and the other after 24 hours
refrigerator storage. It was noted that much of the reducing power of
udder cells tended to disappear after 24 hours storage. This was most
evident in those semples which had shown repid reduction when tested in

the fresh stets.
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Ve DISCUSSION

The milk sanitarian is interested in a test which will detect raw
milk that is abnormal, and hygienically or aesthetically undesirable, and
enable its degreding or complete diversion from fluid milk processing. To
attain this end, he must first define the gqualities which he comsiders m=-
desirable; the value of any test then lies in the efficiency with which it
detects these qualities.

The tendency in the past has been to consider milk quality as synony=-
rmous with bacterial content; although butterfat, adulteration, acidity
and sediment tests have been carried out as well. Generally speaking,
however, quality in unadulterated milk has meant bacterial quality.

While this concept held sway, controversy revolved around which method
measured the bacterial content more effectively--the reduction test or
one of the counting methods. A vast amount of work was done both here

and abroad in comparing methylene blue reduction with plating and direct
countinge In view of the many variable factors causing error in the three
methods, it is not surprising that much of this work led to inconclusive
results. However, A more or less satisfactory relation was finally estab-
lished with the counting methods, and the methylene blue test adopted of=
ficially by the A.P.H.le As pointed out in "Standard Methods", the amount
of space and equipment needed for methylene blue tests is small, and the
method is especially suited to grading raw milk semples quickly. It is

useful in small plants with meager laboratory facilities.
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With the development of the resazurin tests, it socon became evident
that resazurir was sensitive to various influences which did not appear to
affect methylene blue. A spirited controversy existed for a time as to
which was a better indicator of milk quality, still in the old sense. The
results of careful experimental work showed that methylene bluc was o more
eccurate indicator of bacterial content than reseazurin, when both dyes
were compared with the counting methods,

Ramsdell pointed out that the other factors affecting the resazurin
test, while not an index of bacterial content, were nevertheless an indi-
cation of undesirable milk., He contended that mastitis milk, colostrum and
late lactaticn milk have no place in market milk, and cited the ability of
resazurin to detect their presence as an adventage. Thus he introduced a
wider concept of the term ™quality™ as applied to milk, and one which
senitarians, with a few notable exceptions, have been willing to accept.

Subsequent workers, therefore, attempted to determine how accurately
resazurin could detect the above abnormalities. That they are undesirable
we.s conceded, whether resezurin could detect them became the subject of
investigation. Frayer (19) pointed out that resazurin underwent changes
in milk not necessarily connected with poor quality. Watts and Stirling
(58) pointed out that the dilution factor prevented the detection of
mastitis milk in bulk samples. The action of washing and aging on udder
cells was also menticned by Johns (26) and Davis (10). Most of this work
showed that although cells would indeed cause a characteristic reduction
of resazurin, that the action of cells following dilution with normal milk,

and after the usual period of storage, (12«24 hours), had no appreciable
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influence on the test.

Thornton et al (54) ignored the new definition of quality, and assessed
the value of resazurin purely on its ability as a quantitative bacterial
indicator. From this standpoint its sensitivity to non=-bacterial factors
in abnormal milk is obviously a disadvantage. However, Johns (26) pointed
out the fallacy of such reascuing inasmuch as a physiologically or patho=-
logically abnormal milk was not a first=grade product even though its bac=
terial content might be low. Work carried out on mastitis milk in the
Veterinary Hygiene Laboratory at Iowa State College indicates that the
bacterial content of such milk is of'ten quite low. In some instances the
milk may be wvisibly pathological and yiéld no bacteria on culture. Johns
also mentioned that such milk is of significance where homogenization is
to be carried out. This point, while of no public health significance,
is of considerable importance to the dairymen.

The only value that appears to lie in the one hour test is in separat=
ing the wvery bad samples, with counts of 1,000,000 and over from the bad,
fair and good samples. The fact that all the 75,000 and under samples are
grade € or better is of little significance, since 153 samples with higher
plate counts (representing all but the last group) are also between grades
1l and 6. The advantages of a dye reduction test on the basis of cost,
simplicity and convenience, as set forth by Johns (25) are offset by the
unreliability of the one hour test.

The ten minute test is probably of wvalue for the rapid detection of
the worst quality milk, especially in the summer, when high count milk is

prevalent in many supplies. Neither of the tests appears to form a



reliable basis for grading the better quality milks.

The results of the resazurin-rennet test on quarter samples do not
1llustrate that this test is of any particular value in detecting mastitis
as reported by Davis (1l1). Neither do they illustrate the ability of re=
sazurin to detect mastitis streptococei and pathogenic staphylococel, re=
ported by Russell et al (46)s The 50 per cent false negatives obtained in
this study agrees with the findings of Watts and Stirling (58), who repor=
ted a false negative range of 30 to 88 per ecent with various modifications
of the resazurin test. They were unable to devise any test which would
give less than 30 per cent false negatives, and concluded that resazurin
reduction was of wvery limited wvalue in the routine diagnosis of mastitis.

The resazurinerennet test failed to detect the presence of mastitis
milk in a herd in which udder infection involved over 15 per cent of the
lactating quarters. It gave misleading results on composite milk from a
second herd where the incidence of infeotion was only 4.4 per cent. These
results confirm the contention of Watts and Stirling (58) that the resa=
zurin test is of little value in the detection of mastitis in bulk milks.
It should be remembered, of course, that the statistical significance of
two herd checks is not great, and further work along these lines is re=
quired in order to establish a definite trend. Such work should be done
both with small herds, where the incidence of infection is usually low,
and the dilution factor small; and with large herds, where a high incidence
often prevails, but the dilution factor is large,.

The resazurin test should not be discardsd because of the pressntly
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unexplained factors which tend to influence the relation between bac-
terial content and reduction time. While admitting the presence of these
factors, one must keep in mind that the counting methods, too, have their
inaccuraciess Geiger's contention, that the reduction tests are wrong in
theory, seems somewhat extrsme at this time (20)s The basis of judgment
should be relative rather than absolute. In other words, is resazurin

as accurate in its sphere of activity as the counting methods are in
theirs? If one decides only that it is no less accurate, then its advan-
tages of convenience, simplicity and low cost must outweigh those of the
counting methods (25)s On the other hand, accuracy must be the determin-
ing factor and should not be sacrificed to the above advantages.

Thornton et al (54) pointed out in 1941 that there was very little
information availabls on the chemistry of the reduction of resazurin,
There has been little added to the published information on this aspect of
the test since that time. The problems of synthesis and standardization
have been solved, and a number of wvariables affecting the test are known.
If the results are to be of scientific walue, further attempts to assess
the value of the resazurin test must await elucidation of the chemical

fundamentals involvede.
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VI. CONCLUSIONS

1, The standard resazurin tablets give a more satisfactory
solution than did the powder which was formerly used.

2. A satisfactory technic for the preparation of resazurin
solution is described.

3. A modified comparator which facilitates the reading of the
resazurin test is described,.

4, The addition of rennet to the resazurin solution in the
amount used does not affect the resazurin reduction rate.

5. Compared with the Standard Plate Count, the one hour resaw=
zurin test does not appear to be a satisfactory test for grading
milk of good to fair quality.

6 Compared with the Standard Plate Count, the ten minute re=
sazurin test does not appear to be a satisfactory test for grading
milk. It shows promise as a rapid test for separating wvery poor
quality milk from poor, fair and good milk.

7« The udder cells present in freshly drawn msstitis fore-milk
play a definite part in resazurin reduction, and their reducing
ability tends to disappear upon storage.

8. The resazurin-rennet test appears to be unsatisfactory as a
diagnostic test for mastitis when applied to gquarter samples.

9« The resazurin-rennet test appears to be of slight value in

detecting the presence of mastitis milk in composite herd samples.
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