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TRI-CLOVER EQUIPMENT

sets new standards in automatic processing at new Borden plant
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Control center above automatically controls the flow of
milk to fillers. Panel has a projection type digital display
unit which shows at a glance exact status of filling

operation.
LADISE CO. [
CW i Clover Divirion [
v Kenosha Wisconsin ; =
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Ladish Co. is proud of the important

part played by its Tri-Clover and Fesco
Divisions in helping The Borden Co. achieve
new standards of efficiency in the modern,
automatic processing operations of their new
“Dairyland Showcase’” plant in Milwaukee,
Wisconsin.

Designed, manufactured and installed by
Ladish Co., Tri-Clover and Fesco Divisions,
equipment to process up to 500,000 quarts of
milk per day includes 152 “FESCO” air-
actuated valves . . . modern control panels
. . . hundreds of “Tri-Weld” stainless steel
welding fittings, welded in place with a *“Tri-
Welder’’ automatic welding machine right in
the plant . . . numerous Tri-Clover sanitar
centrifugal pumps . . . special pipe hangers
and supports . . . as well as almost 7,000 feet
of stainless steel tubing “Tri-Welded”” on
the job.

The combined engineering ability, design
and manufacturing skill of these Ladish Co.
Divisions has helped to lead the way to mod-
ern automated dairy plant operation. Let
this wealth of experience serve you in your
next expansion program.

Write for further information or see your nearest
TRI-CLOVER DISTRIBUTOR.

Group of milk storage
tanks having a com-
bined capacity of
70,000 galions, each of
which utilizes seven
“Fesco” valves for
distribution and CIP
operations.

Valve manifold for fill-
: . ing storage tanks and
T NEE . transferring milk from
tanks to filling ma-
i K.~ chines. Tri-Clover
- pumps are easily re-
moved from lines for
L —— inspection and main-
i . tenance.
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ARE YOU GETTING
SATISFACTORY RESULTS
WITH YOUR 900-CALORIE

DIET SUPPLEMENTS?

Vitex offers greater dependability, higher quality

If your 900-calorie diet supplements are
proving hard to handle and not as profit-
able as you would like, we suggest that
you improve your product and your profit
by consulting Vitex. Our laboratories are
unsurpassed for know-how and ex-
perience in the area of formulating and
manufacturing high-quality, stable vita-
min supplements. We know how to
combine essential vitamins and minerals
without impairing potency. And we have
pioneered in the formulation of concen-
trates that meet the most stringent

nutritional requirements.

VITEX
LABORATORIES

A division of Nopco Chemical Company
General Offices: 60 Park Place, Newark, N.J.

Pioneer Producers of a Complete Line of
Vitamin Concentrates for the Dairy Industry

If you are plagued by off-flavors, short
shelf life, rapid vitamin deterioration, and
other difficulties, remember Vitex has
been solving such problems for more than
30 years. We can provide highest quality,
proven ingredients for your present form-
ulation. For dairies which are currently
only in the planning stage, but intend
soon to market a diet supplement with
positive product superiority, we can sup-
ply the skilled technical help that results
in a successful program. For further
information, fill in and mail the coupon

below.

Technical Service Bureau

Zone State

[6/75 —————

Vitex Laboratories, 60 Park Place, Newark, N.J.

Please send me technical data on the stability, flavor and
shelf life of Vitex vitamin-mineral concentrates.

Youw Name
Company Name______——————————

Address_____
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RAPID-FIO
VACULINE

MILK FILTERS _

. . . engineered by Johnson & Johnson for in-a-line
filters. Available in 4%6", 5" and 6” disks; or 234"
X 615" tubes.

Tell your producers with in-a-line filters about new
RAPID-FLO VACULINE—engineered for safe
filtration and clean milk production, plus the extra
benefit of a RAPID-FLO® CHECK-UP for mastitis
and sediment.

FILTER PRODUCTS DIVISION g"&/ﬂmq—g‘?ﬁ/"m

4949 WEST 65TH STREET « CHICAGO 38, ILLINOIS

II




OFFICERS
President, JoHN J. SHEURING
Athens, Georgia

President-Elect, CHARLES E. WALTON
Laramie, Wyoming

First Vice-President,
Ray BELKNAP
Des Moines, Iowa

Second Vice-President,
Joun H. FRrITZ
Washington, D. C.

Secretary-Treasurer, KarL K. JONES
Indiana State Board of Health,
Indianapolis, Indiana.

Executive Board

FRANKLIN W. BARBER
WiLriam V., Hickey
Jou~ J. SHEURING
CuARLES E. WALTON
Joun H. FriTZ

KarL K. JoNEs

Ray BELKNAP

Publication Board
Dr. ]J. C. OLsON, JR. H. L. THOMASSON
KarL K. JoNES
Editors

Dr. J. C. OLsON, Jr., Associate Editor,
Dept. Dairy Husbandry, University
of Minn., St. Paul 1, Minn.

H. L. Taomasson, Executive Secretary
and Managing Editor, Box 437,
Shelbyville, Indiana.

Associate Editors

C. A. ABELE._——————— Chicago, Illinois
H. S. ApaMs_ _ _Indianapolis, Indiana
M. P. BAKER_ - Ames, lowa
F. W. BarBer____New York, New York
IF. C. BASELT__——- New York, New York
L. A. BLACK- - Cincinnati, Ohio

C. FLAKE_ - ————— Chicago, Illinois

Joun H. FRITZ - Washington, D. C.
L. G. Harmon___East Lansing, Mich.
E. K. HARRIS.——————- Cincinnati, Ohio
C. A. HUNTER - ————- Topeka, Kansas
C. K. Jonns ___Ottawa Ontario, Canada
0. W. Kaurman~__East Lansing, Mich.

W. C. LAWTON_ - St. Paul, Minnesota
\W. S. MUELLER_ _—————- Ambherst, Mass.
K. G. WECKEL_---Madison, Wisconsin
J. C. WHITE_——————- Ithaca, New York

The Journal of Milk and Food Technology
is issued monthly beginning with the January
number. Each volume comprises 12 numbers.
Published by the International Association of
Milk and Food Sanitarians, Inc., with execu-
tive offices of the Association, Blue Ridge
Rd.. P. 0. Box 437, Shelbyville, Ind.

Entered as second class matter at the Post
Office at Shelbyville, Ind., March 1952, under
the Act of March 3, 1879.

EDITORIAL OFFICES: J. *C. Olson, Jr.,
Associate Editor, Dept. Dairy Husbandry, Uni-
versity of Minn., St. Paul, Minn.; H. L
Thomasson, Managing Editor, P. 0. Box 43
Shelbyville, Ind.

Manuscripts: Correspondence regarding man-
uscripts and other reading material should
he addressed to J. C. Olson, Jr., Associate
Editor, Dept. Dairy Husbandry, University of
Minn., St. Faul, Minn.

“Instruction to Contributors” can be ob-
tained from the Editor for the use of con-
tributors of papers.

1

Journal of

MILK and FOOD
TECHNOLOGY

Official Publication
International Association of Milk and Food Sanitarians, Inc.
Rec. U. S. Pat. OFF.

Vol. 24 March No. 3
Contents . Page

Editorial:
Why A Double Sanitation Standard For Milk v 69

Antibiotics in Milk — A Review
II. Methods for Detection
E. H. Marth — - oeoeomeommmmmmmmmmmmmmmmm o= m oo 70

Bovine Mastitis: Its Detection and Prevention
I. A. Schipper —-———--—-om-mmmmmmmmmommmmmmmTTTTTTTS 83

Food Sanitation and Quality Control —
Facts and Fallacies
Paul E. Laughlin _ - —omommmmmmmmmmm oo mm o 89

Stainless Steel in Modern Dairy Equipment
Its Care and Maintenance

R. B. GUN@ - o eemeemmmmmmmmmmmmmmmmmmmom s o mmomT 95

News and Events ——————c-——=—oomm=m==mmsmmmooossSsspomsToomTTo 98
Papers Presented at Affiliate Association Meetings ——————-—---- 100
Questions and ANSWEI'S _ - ——co—mmm—mm—m=—mmm—m=mmosmmT o TS 101
Helpful Information - ----mnmmmmmmmmommmmmmmm oo 102
Classified Ad§ - ——————ooom=—=mmm==mmmm====omososmsoommoTTToTTEE 101
Index to Ad\;ertisers __________________________________________ VI

Business Matters: Correspondence regarding should be sent to the executive office of the

business matters, advertising, subseriptions, Association, P. 0. Box 437, Shelbyville, Ind.
orders for single copies, etc., should be ad-
dressed to H. L. Thomasson (address above). Membership  Dues: Membership in _the

International Association of Milk and Food
Sanitarians, Inc., is $7.00 per year, which in-
cludes annual subscription to the Journal of

Subscription Rates: One volume per year
Individual non-members, Governmental —and

Commercial Organization subscription, X Milk and Food Technology. All correspond-
S T $8.00 ence regarding membership, remittances for
Public and Educational Institution dues, failure to receive copies of the Journal,
Libraries, 1 ¥I. $6.00 changes of address, and other such matters

. ot should be addressed to the Executive Secretary
Single Copies ... - e 92 of the Association, H. L. Thomasson, Box 437),
Orders for Reprints: All orders for reprints Shelbyville, Indiana.

CopPYRIGHT, 1961 INTERNATIONAL ASSOCIATION OF MILK AND Foop SANITARIANS, INC.

111

—




IN GRADE “A” CARTONS
Canco’s paper containers, the original disposable cartons for milk,
have been winning greater acceptance every year! Popular with
homemakers everywhere, these containers are ideal for use in school
cafeterias and vending machines. They are easy to open and close;
provide “controlled pouring,” and are compact, sturdy, sanitary.

Yes, Canco cartons are the preferred containers for milk . . . the
Grade “A” cartons for nature’s most nearly perfect food!

Z® AMERICAN CAN COMPANY

NEW YORK + CHICAGO + NEW ORLEANS - SAN FRANCISCQ
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~ EDITORIAL 6

; @ | Why A Double Sanitation Standard For Milk

Several articles have appeared recently in favor of one sanitation standard for all milk irrespective
of usage without explaining the perplexing sanitation and economic problems that such action would
create. The time has come to adopt one standard for Grade A milk, according to Dr. J. C. Olson,
‘ Jr., in a noteworthy editorial in the August, 1960, issue of this Journal. However, until there is one
| standard only for Grade A, it seems unrealistic to recommend one standard for all milk. Nevertheless
| it is opportune to discuss the problems involved from the viewpoint of requirements necessary for

highest quality and economic production.

Milk of highest quality is necessary for fluid consumption. The assurance of such quality is under
the supervision of local health departments and state regulatory agencies from production on farms
through processing in plants and receipt by consumers in food stores, homes, and at public eating estab-
lishments. If the milk is produced for manufacture its handling may be much more positive in
respect to the protection of public health. Thus, evaporated milk is processed and sterilized in her-
metically sealed cans the day it is received from producers. Fluid milk products to be used in ice
cream are promptly pasteurized at temperatures higher than those used for market milk and they will
be pasteurized again in the ice cream mix, then frozen and held frozen as ice cream until consumed.
Hence, there is much less need for detailed supervision Ly sanitation officials for these manufactured
products.

Producers located in areas under Grade A regulations are at an econorhic disadvantage in com-
peting with those farmers producing milk for manufacture where there are no such requirements.
Any dairy farmer who has shifted from producing milk for manufacture to making Grade A milk knows
something about the extra costs incurred. In a large market milk region such as New York State,
where nearly half of the total milk production is utilized for manufactured products, and about 99 per
cent of all milk is under the state’s Grade A requirements, much of the manufacturing milk is associated

3 with the pricing of Grade A milk through the market pool and is partially subsidized by it.

There is need for specific production requirements for milk for manufacture which are not those
for Grade A milk and the question actually is whether or not there can be one standard for all man-
ufacturing milk. Most standards for milk for manufacture give two or more grades of acceptable milk,
sometimes based more on the commercial quality of milk than upon public health considerations.
Furthermore, differences of opinion exist as to the proper standards for each quality.

Everyone will agree that cows producing milk must be healthy, properly cared for in clean sur-
roundings, and milked in a cleanly manner; and the milk shall be handled in properly sanitized
equipment and facilities, must be cooled and delivered with regularity to the receiving plant (or de-
livered soon after milking in lieu of cooling); and the milk itself must be of good flavor and keeping
quality. Clean milk of good quality is the goal irrespective of the usage of the milk and of farm
production requirements. It seems reasonable that there ought to be two sanitation and quality stand-
ards for milk to be used for manufacture.

The first grade would be that quality of milk which can be made into dairy products of the
best commercial quality possible and would have special application for fresh fluid milk products,
such as sweet cream. On the basis of current information, it is reasonable that the best grade of raw
milk ought to have a bacterial count not exceeding 500,600 (methylene blue reduction time not less
than 4% hours or resazurin reduction time not less than 2% hours), sediment less than 2 mg. by
off-bottom samipling, and free from off-odors and flavors or pronounced weed or feed odors. Such milk
should satisfy both public health and industry ideals for highest quality, in fact, it might be an im-
provement over some milk now produced as Grade A.

The second grade should represent minimum standards for safe wholesome milk from which a
good grade of manufactured product can be made. Any minimum standard must incorporate many

¢ compromises. It is reasonable that milk to meet minimum standards of acceptance should not exceed
3,000,000 in bacterial count (methylene blue not less than 2% hours or resazurin reduction time not
less than 14 hours); sediment less than 3 mg. by off-bottom sampling, and be free from pronounced
off-odors and flavors.

This second grade milk needs discussion to point ont an extremely important reason for not estab-
lishing lower standards. Recent outbreaks of illness dne to consumption of certain dairy products
containing toxins produced in the raw milk emphasizes that excessive bacterial counts may indicate a
public health danger as well as improper sanitary methods. The problem of whether an acceptable
quality product can be made with milk of much larger bacterial counts is incidental to the health prob-
lem. The dairy industry and )food officials should recognize that dairy farmers with a few milking
cows cannot justify the expense of dairy sanitation facilities which are so inducive to high-quality

| milk production, but it must be emphasized that a most important factor in producing high-quality
milk is a dairyman with the knowledge and desive to do so. Small producers predominate in many
areas now producing milk commonly used for manufacture. There must be a period for education
and growth prior to enforcement in such areas.

The control program required to obtain high-quality milk, irrespective of its usage, is tremendous
and is essentially an industry problem but one which industry can do successfully only if regulatory
officials check their work and take action to assure compliance with the laws. There must be recog-
nized “approved industry fieldmen” acceptable to government officials on the basis of knowledge,
personality, and experience in sanitary methods of milk broduction. These industry men must put
) into practice on farms the standards for manufacturing milk and regulatory officials can determine

§ compliance through spot-checking.

‘ ; The dairy industry is not ready for a single standard for milk irrespective of its usage; in fact,

. rar B

a single standard for manufacturing milk cannot be attained now unless incorporated in a federal law
with which many unwilling states would be obligated to comply. Our form of government and our
type of business competition are not conducive to coercion of this sort.

A. C. DAHLBERG
Dept. Dairy Industry
‘ Cornell University

‘ Tthaca, New York
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ANTIBIOTICS IN MILK — A REVIEW'

Il. METHODS FOR DETECTION OF ANTIBIOTICS IN MILK
E. H. MarTH

Fundamental Research Laboratory, Resecarch and
Development Division
National Dairy Products Corporation,

Glenview, Illinois

Methods suggested for use to detect antibiotics in
milk have generally been based on: (a) visual detec-
tion of antibiotic contamination by incorporating a
dye into preparations used for intramammary infusion
or (b) changes in bacterial growth. Since most work
has been done on the second method, many modifica-
tions exist. Information on both general types will be
discussed below.

ANTIBIOTIC PREPARATIONS WITH ADDED DYES

Suspensions were prepared by addition to penicillin
of the dye “Green-S” (monosodium salt of 4, 4-di-
methylaminophenyl-2-hydroxy-6, 8-disulphonaphthyl-
carbinol-anhydride) at the rate of 25 to 75 mg. per
100,000 units (37). After udder infusion, milk pro-
duced was colored green for several days; the in-
tensity of color corresponded well with the concentra-
tion of penicillin in milk.

Shahani (161) made up aqueous or oil solutions of
penicillin to which he added 100 mg. of a green-
turquoise dye per 100,000 units of antibiotic. Milk
colored green was produced by treated cows for four
to six milkings after intramammary infusion. Milk
of the first milking after treatment contained sufficient
dye to impart color even after it was diluted 500 to
2,000 times the original volume. Color from infused
dye-in-oil preparations appeared in milk for a slight-
ly longer time than when dye in an aqueous penicillin
solution was used. Udder tissues or milk yield were
not affected by the dye. In further work with this
dye, Shahani (160) found it was excreted in milk for
the same time as the antibiotic when infused with
oxytetracycline, chlortetracycline or polymyxin. The
dye was secreted longer than the antibiotic when in-
fused with streptomycin. Age or breed of cow and
level of milk production did not affect persistence of
dye in the udder. Injection of the antibiotic-dye mix-
ture instead of infusion failed to result in production
of colored milk.

Four different food dyes were investigated for their
suitability as color markers to detect antibiotic-con-
taminated milk (175). Fat-soluble chlorophyll ap-

IThis is the second of a series of two review papers on this
subject. See previous issue of this Journar for Part 1. Refer-
ences cited in Part 1 are included with those listed in Part II.

peared most promising. The dye was infused into the
udder (0.5 to one ml. per quarter) and a vivid green
color persisted in milk for five to ten milkings after
tréatment. Heavily stained particles were found in
milk long after general color was depleted.

Hargrove and Plowman (66, 67) studied various
compounds for use as indicators of antibiotic-contam-
ination in milk. They found: (a) odorous or flavored
compounds unsuitable for use since they were not
easily detected, (b) fluorescent compounds superior
to others with regard to ease and limit of detection
in milk, and (¢) of four compounds tested, oil-fluores-
cein and uranine were not toxic to cattle while 4-
methyl umbelliferone irritated the udder and methyl
anthranilate appeared in urine. Other results ob-
tained indicated: (@) a combination of oil-fluorescein
and uranine colored both fat and non-fat portions of
milk, (b) a combination of 125 mg. each of oil-fluores-
cein and uranine correlated better with excretion of
penicillin than other test materials (milk was colored
for 48 hours but dye could be detected up to 96 hours
by ultra-violet light), and (¢) retention of dye (and
antibiotic) was influenced greatly by level of milk
production.

Additional information on this subject was previ-
ously reviewed (108).

CHANGES IN BAcTERIAL GROWTH

Many attempts have been made to employ bacteria
for determination of antibiotic residues in milk and
milk products. The ability of bacteria to: (a) produce
acid, (b) reduce dyes, or (¢) grow and produce hazi-
ness on agar media have served as the bases for most
tests. Those tests dependent on these characteristics
and on several others will be discussed below.

TeEsTs BAsED oN Acip PRODUCTION

Strepfococcus agalacliae.

One of the earliest methods for detection of anti-
biotics (penicillin) in milk, based on acid production,
employed a culture of Streptococcus agalactiae (190).
Test samples of milk were heated at 100°C. for :
minutes, cooled and serial dilutions of each made in
litmus milk. After sterile litmus was added to the
original milk, the entire series was inoculated with a
sensitive strain of S. agalactiae, incubated at 37°C.
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for three days and checked for color development. A
definite pink color was considered evidence of gr()wth

and absence of penicillin.

Streptococcus lactis.

Several methods which use S. lactis have been sug-
gested. In one (99) a sample of herd milk was divided
into four portions. Each portion was inoculated with
a different strain of S. lactis, held at 30° C. overnight
and observed for coagulation. Strains of S. lactis used
were: (a) sensitive to penicillin or streptomycin, ( b)
resistant to penicillin, (¢) resistant to streptomycin and
(d) resistant to both. The presence or absence of
these antibiotics was indicated by the strain or strains
of S. lactis which did or did not coagulate milk.

Another method was based on differences in acid
production when S. lactis was grown in sterile anti-
biotic-free milk and in antibiotic-contaminated milk
(131). Raw milk samples were used, unheated and
heated at 95°C., to distinguish heat stable disinfectants
and antibiotics from heat-labile inhibitors such as
bacteriophage. Differences of less than 10 per cent
in acid production between test milks and controls
were considered negative. The quantity of an anti-
biotic in milk was determined by use of S. lactis
strains resistant to different concentrations of the
antibiotic.

Dopter (41) suggested use of strains of S. lactis
resistant to various concentrations of different anti-
biotics for quantitative detection, in milk, of penicil-
lin, streptomycin or chlortetracycline. Tubes with 10
ml. milk were heated to 90°C., cooled to 30°C., in-
oculated with 0.25 ml. of different strains of S. lactis,
held at 30°C. and checked after 12 hours for coagula-
tion.

Berridge (22) developed a rapid method for detec-
tion of antibiotics in milk based on measurement of
very small changes in pH brought about by growth of
S. lactis. An electrometer was developed which de-
tected pH changes of the order of 0.002 unit. The pH
was measured of S. lactis cultures grown alone and
in the presence of penicillin, chlortetracycline, stfep-
tomycin and thiomersolate. Thiomersolate halted acid
production immediately, streptomycin and chlor-
tetracycline caused slackening-off in acid production
after ten minutes and ‘penicillin produced no change
during the observation period.

Streptococcus thermophilus.

This bacterium has been suggested for use in anti-
biotic tests by several authors (21, 23, 34).

Berridge (21, 23 ) described a method in which a cul-
ture of S. thermophilus (grown in a milk, yeast ex-
tract, glucose and peptone medium containing 0.01
per cent brom-cresol-purple) was maintained in the

log phase. The culture was added in equal volume to
the milk sample when the indicator in the culture was
an intermediate gray in color. The milk-culture mix-
ture was incubated at 45°C. and examined at 30 min-
ute intervals for changes in color. A color change
after 30 minutes indicated 0.06 to 0.015 unit penicillin
present per ml. while a color change at one hour or
later indicated 0.015 unit per ml. or less. A diluted
culture was used and the test completed in 2.5 hours
(21). Changes in color at 2.5 hours, by the latter
method, indicated 0.01 to 0.005 unit penicillin present
per ml. While a change after 30 minutes indicated
the presence of 0.06 to 0.15 unit penicillin per ml.

Collins (34) suggested addition of one ml. diluted
(one part culture plus two parts sterile skim milk)
16 hour-old culture of S. thermophilus to 10-ml. milk
which was previously pasteurized at 143°F. for 30
minutes and cooled. The inoculated samples were
incubated at 40°C. for 16 hours and checked for co-
agulation. It was claimed that this method detected
the presence per ml. of 0.02 unit penicillin, 0.5 ug.
chlortetracycline, 6.5 pg. streptomycin, 0.7 ug. oxy-
tetracycline and 0.9 ug. tetracycline.

Lactobacillus bulgaricus.

A 2.5 hour test for antibiotics was described which
employed a strain of Lactobacillus bulgaricus sensi-
tive to 0.01 unit per ml. of penicillin (183). It normal-
ly coagulated milk in the alloted time when incubated
at 45°C. Samples of milk (two ml.) were heated to
90°C. in 10 minutes, cooled to 45°C., inoculated with
one drop of culture and incubated at 45°C. until the
control coagulated. A second method was suggested
by Ullberg (183) in which three per cent of the culture
was added to sterile skim milk plus yeast extract. The
diluted culture was mixed with test milk, incubated at
45°C. and milk checked for coagulation after 2.5 to
three hours. A test similar to these was described by
Trecanni (181).

GCommercial starter cultures.

Many authors have recommended starter cultures
for detecting antibiotics in milk. Ruehe (151) sug-
gested that 10 ml. samples of milk, after heating to
175°F. for five minutes and cooling to 72°F., be in-
oculated with one ml. of a good starter culture. If
penicillin was absent, a satisfactory coagulum formed
in ten hours or less. Krienke (93, 94) added one to
three per cent buttermilk culture to samples of milk
previously pasteurized at 143°F. for 30 minutes. In-
oculated milks were incubated at 70°F. or 95°F. and
checked for acid development after 18 or seven hours
depending on incubation temperature. Similar pro-
cedures were used by Hansen, et al. (63). The addi-
tion of starters to diluted cream or skim milk from
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antibiotic-treated cows and subsequent titration (after
incubation for 24 hours at 22°C.) with 0.1 N sodium
hydroxide was suggested by Jorgensen (84) for de-
tecting antibiotic contamination.

Bertelsen (25) found test milks could be heated
to 100°C. instead of 85°C. but amount of starter add-
ed had to be increased from one to three drops and
incubation temperature could not be less than 20°C.
Absence of a coagulum after 24 hours indicated pres-
ence of not less than 0.25 unit penicillin per ml.

Yogurt cultures were suggested for use in detecting
antibiotics in milk (1, 49). It was claimed the yogurt
culture was 10 times as sensitive to penicillin as other
starters and could detect 0.005 unit per ml. (I). An-
other work (49) indicated 0.02 unit per ml. of penicil-
lin could be detected with a yogurt culture. One
method (49) suggested the heating of 20 ml. of test
milk to boiling, subsequent cooling, inoculation with
one ml. of yogurt culture, incubation for 2 hours at
44°C. and titration for acid production. A difference
between sample and control of five or more degrees
in acidity (Soxhlet-Henkel) indicated the presence
of penicillin.

TesTs Basep oN REpucTiON OF DYES

This group of tests makes use of the principle that
actively growing bacteria reduce certain dyes with
resulting color changes. If antibiotics are present in
milk, test bacteria will not grow, the dye will not be
reduced and the color remains unchanged.

Methylene blue. :

A method, suggested by Schiffer and Peterson (156)
used methylene blue and a culture of Bacillus cereus
var. mycoides to detect chlortetracycline in milk. A
0.5 ml. sample of milk was placed into a Wasserman
tube and serial dilutions made with sterile methylene
blue milk. The diluted samples were inoculated with
1.5 ml. culture per tube, incubated at 37°C. for four
hours and checked for dye reduction. It was claimed
that 0.031 pg. per ml. of chlortetracycline could be
detected by this procedure. The method was modi-
fied (157) by use of Bacillus mesentericus and was
claimed satisfactory for detecting chlortetracycline
and oxytetracycline in milk.

Galesloot (55) suggested the following procedure
to detect penicillin in milk at levels down to 0.01
unit per ml.  Thirty ml. of milk sample were divided
equally between two tubes, heated for 10 minutes at
80°C. and cooled to 37°C. Penicillinase was added
to one tube and both tubes were held at 37°C. for 30
minutes. One-tenth ml. of a 16-24 hour culture of
S. thermophilus plus 0.4 ml. methylene blue solution
were added to both tubes which were then held at
45°C. Reduction times were determined for both

samples. A difference was considered as proof for
presence of penicillin.

The methylene blue method was also applied to
acid dairy products (buttermilk, ripened cream, dtart-
ers and yogurt) for detection of penicillin (55). The
sample of product was neutralized to pH 6.8 with 10
per cent sodium hydroxide and the balance of the
test performed as described above ( 55). A more
sensitive method based on an extraction procedure has
also been developed for these products (55).

Bertelsen and Mattson (26) reported they were able
to detect 0.05 unit penicillin per ml. of milk by addi-
tion of methylene blue and a yogurt culture to samples
prior to incubation at 37°C. or 45°C. for two hours.
The use of triphenyltetrazolium chloride (test dis-
cussed later) permitted detection of 0.025 umit per
ml. but this procedure had the disadvantage that dye
could not be added with the culture.

Resazurin.

A method to detect penicillin in milk with resazurin
and S. theymophilus was reported by Hietaranta and
Timroth (71). Samples of milk to be tested were divid-
ed into two portions, heated at 80°C. for five to 10
minutes and cooled to 38°C. Penicillinase (0.4 unit per
ml. milk) was added to one portion and resazurin
plus five per cent culture were added to both portions
after which they were incubated at 38°C. and exam-
ined at 30 minute intervals for color changes. Pres-
ence of penicillin was indicated in about 45 minutes.

Slatter (173) found the resazurin method did not
distinguish between different levels of penicillin in
samples of pasteurized milk. The titratable-acid test
permitted limited detection of differences in penicillin
levels but longer incubation periods were required.

Resazurin has also been used with a plating pro-
cedure (163, 164) which will be discussed later in this
review.

Triphenyltetrazolium chloride.

This method for detecting inhibitory substances in
milk was described by Neal (122) and Neal and Calbert
(124, 125). The test is based on conversion of 2, 3,
5-triphenyltetrazolium chloride (TTC) to formazone
by actively growing bacterial cells. This conversion is
accompanied by a color change from the leucoform to
red. Antibiotics inhibit growth of bacteria which in
turn eliminates conversion of TTC and the associated
color change (124). The procedure suggested follows
(125): (a) 10 ml. of test milk, in a sterile screw top
test tube, was pasteurized at 80°C. for five minutes
and cooled to 37°C.; (b) samples were inoculated with
(one ml.) a 1:1 dilution (in sterile antibiotic-tree
skim milk) of a S. thermophilus culture and incubated
at 37°C. for two hours; (¢) 0.3 ml. of a 1:25 solution
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of TTC was added to each sample which then were
reincubated at 37°C. for 30 minutes; (d) samples were
checked for color changes — red indicated no anti-
biotic present and white to pink possible antibiotic
contamination.

It was claimed (124) the test detected the presense,
in milk, of different antibiotics at the following mini-
mum levels: penicillin, 0.04 unit; chlortetracycline, 0.2
HEs ()xytetracycline, 0.25 ug; and streptomycin, 4.0
pg. per ml.  Sanitizing agents have been found to af-
fect the test (125). Slight inhibition of the test organ-
ism was produced by presence, in milk, of 10 p.p.m.
uaternary ammonium compounds, 30 p.p.m. Tobac
( polyethoxy—p()lypropoxy—ethanol-iodine complex), 8
p-.p-m. losan (Iobac plus detergent), and 30 p.pm.
chlorine. Strong inhibition was produced by these
compounds at levels of 14, 90, 24 and 90 p.p.m. re-
spectively.

Neal and Calbert (126) found 2, 3, 5-triphenyl tetra-
solium chloride was more sensitive than neotetrazo-
lium or blue tetrazolium in detection of oxytetra-
cycline or streptomycin in raw milk. The TTC test
was applied to herd milks by Neal and Calbert (123).
A good correlation was found between lack of color
development and subsequent inhibition of acid pro-
duction in the same milks.

Dragon (42) suggested a modification to the TTC
test which enabled one to determine whether inhibi-
tion resulted from antibiotics or from sanitizers. Tubes
which initially showed inhibition were treated further
by addition of one ml. each of a sterile two per cent
glucose solution and a suspension of baker’s yeast.
The mixture was incubated at 30°C. for three to 12
additional hours and checked for gas production.
Sanitizers, if present, inhibited yeast and gas was not
produced while antibiotics, if present, did not and
gas was produced.

The TTC test was used for detection of antibiotics
in dried milk by Kotter and Muspack (92). The
dried product was reconstituted to its original com-
position, centrifuged to remove fat and tubed in 10
ml. portions. The regular procedure was then fol-
lowed except a yogurt culture was substituted for S.
thermophilus.

Parks and Doan (129) compared sensitivities of the
TTC test and disc-assay method (which will be dis-
cussed later) to various antibiotics. The TTC test
was about equal to the disc-assay method in detection
of penicillin and chlortetracycline but was less sensi-
tive to streptomycin and unsatisfactory for detection
of meomycin.

Recently a more rapid TTC test was suggested by
Igarashi, et al. (73) which employed Bacillus stearo-
thermophilus and an incubation temperature of 61-
62°C. The test, completed after about 35 minutes

incubation, detected the presence, in milk, of 0.005
unit per ml. of penicillin and about 0.5 ug. per ml. of
tetracycline, chlortetracycline or oxytetracycline. The
test was less sensitive when used to detect neomycin,
polymyxin, bacitracin, streptomycin or dihydrostrep-
tomycin.

Tests BASED ON PLATING PROCEDURES

These methods are all based on inhibiting growth
of sensitive bacteria by an antibiotic placed in con-
tact with a portion of inoculated agar prior to growth
of the culture.

Cylinder-plate methods.

Methods to assay penicillin were first developed for
evaluation of fermentation liquors and pharmaceutical
products. ~ Foster and Woodruff (53) described a
method in which 15,000 spores of Buacillus subtilis
were added per ml. of an agar medium (beef ex-
tract, peptone, sodium chloride, agar and water)
after which 13 ml. of the seeded agar was added to a
petri dish. Small, sterile glass cups (cut from tubing)
were warmed and set lightly on the agar. These
cups were filled with the sample or a standard solu-
tion. Petri plates were than incubated at 30°C. for
12 to 16 hours. The area around the cup in which
microbial growth did not occur (zone of inhibition)
was measured and that of the sample compared with
that of a standard solution.

Schmidt and Mayer (158) suggested Staph. aureus
for assaying penicillin by means of the cup (or
cylinder)-plate method. They reported the size of
zone decreased as depth of agar medium in a petri
dish increased. When 25 ml. of medium per plate
was used, the edge of the zone was distinct and clear.
If only 15 ml. were used, however, the edge of the
sone became indistinct. The most clear cut zone was
obtained with agar medium at pH 6.0. As pH was
increased, the edge of the zone became more in-
distinct.

The cup-plate method, described above, was modi-
fied by Beadle, et al. (19) who suggested use of 4.5
by 11.5 inch rectangular glass dishes instead of petri
plates. A guide was used to drop cups on inocu-
lated culture plates.

The cylinder-plate method was adapted for use with
milk by different workers (14, 75, 174, 176, 180, 182,
191) and is the “official” procedure used by Food and
Drug Administration laboratories (62).

The methods of Schmidt and Mayer (158) and
Beadle, et al. (19) were applied to milk for detection
of penicillin ( 191). It was noted in these experiments
when penicillin was diluted in milk, growth of Staph.
aureus (the test organism) was stimulated at the
periphery of zones. As a result, standard penicillin
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solutions were also prepared in sterile skim milk in-
stead of phosphate buffer. This modification was
later used in the test for detection of streptomy-
cin (176).

Slight variations of the previously described meth-
od were suggested by Thorp, et al. (180). They ad-
justed the pH of milk to 6.5 with a phosphate buffer
solution. Petri plates were poured with 22 ml. sterile
nutrient agar which was allowed to harden. After
hardening, three ml. of nutrient agar seeded with
Staph. aureus was spread evenly over the surface of
each plate. Before inoculated agar hardened, four
sterile aluminum cups were placed equidistant on
top. The cups were filled with standard or unknown
solutions and plates were covered with porcelain tops
before incubation at 37°C. Afterward, zone sizes
produced by the unknown were compared to those
of the standard solution.

The use of the cup-plate method with Staph. aureus
as test organism to detect penicillin in milk was also
suggested by other authors (14, 75, 85, 116, 128).

Nilsson and Nilsson (128) found aluminum cyl-
inders unsuitable for this method since they inhibited
growth of Staph. aureus. Stainless steel and glass cyl-
inders were satisfactory.

Different factors which affected the cylinder-plate
test when applied to milk were studied by Meewes
and Milosevic (116). They found zones of inhibition
produced by penicillin increased with incubation time
and decreased with depth of agar in petri plates. It
was further observed that clear cut zones of inhibition
were produced if the test organism was spread over
the surface of agar medium rather than mixed with
it. Raw milk, which contained no penicillin, some-
times inhibited Staph. aureus as did the presence, in
skim milk, of Bacillus subtilis, Pseudomonas florescens
and Ps. pyocyaneum. The presence of Ps. pyocaneum
or Bacterium linens in raw milk also inhibited Staph.
aureus.

Other organisms have been suggested for use in cyl-
inder-plate procedures. These include Sarcina lutea
for detection of penicillin (85), Bacillus cereus for
streptomycin (75), Bacillus cereus var. mycoides for
chlortetracycline (75), a group A streptococcus for
penicillin (174) and Bacillus subtilis (ATCC 6633)
for streptomycin (182).

The use of B. subtilis to detect streytomycin in milk
(182) was preceded by coagulation of milk through
addition of acid, separation, clarification and neutrali-
zation of whey. The resultant clear whey served as
the test substance.

Food and Drug Association Methods.
A brief description of these tests will be included
here. The details for preparation of standard solu-

tions, test organisms and media may be obtained from
the appropriate reference by interested readers (62).
All tests employed stainless steel cylinders to hold
standard and test solutions. ¢

PENICILLIN

(a) milk sample diluted with antibiotic-free milk,
(b) 10 ml. agar medium poured into petri plate, (c)
four ml. agar medium seeded’ with previously stand-
ardized suspension of Sarcina lutea (ATCC 9341)
and spread over surface of hardened base layer, (d)
cylinders put in place and solutions added, (e) plates
in¢ubated at 26°C. for 16 to 18 hours, diameters of
zones measured.

STREPTOMYCIN

(a) milk sample diluted with phosphate buffer
at pH 8.0, (b) 10 ml. agar medium (pH 7.8 to 8.0)
base layer added to plates, (¢) four ml. agar medium
seeded with suspension of Bacillus subtilis (ATCC
6633) spores, spread over base layer, (d) cylinders
put in place and solutions added, (e) plates incubated
at 37°C. for 16 to 18 hours, diameters of zones
measured.

TETRACYCLINES

(a) milk sample diluted with phosphate buffer at
pH 4.5, (b) six ml. agar medium (pH 5.6 to 5.7) base
layer added to plates, (¢) four ml. agar medium seeded
with suspension of Bacillus cereus var. mycoides
(ATCC 9634), spread over base layer, (d) cylinders
put in place and solutions added, (e) plates incubated
at 30°C. for 16 to 18 hours, diameters of zones
measured.

Bacrrracin

(a) undiluted milk used, (b) 10 ml. agar medium
base layer added to plates, (¢) four ml. agar medium
seeded with suspension of Micrococcus flavus (ATCC
10240), spread over base layer, (d) cylinders put in
place and solutions added, (e) plates incubated at
26°C. for 16 to 18 hours, diameters of
measured.

zones

PoLymyxiN

{a) 10 ml. agar medium (pH 7.2 to 7.3) base layer
added to plates, (b) four ml. agar medium seeded
with suspension of Brucella bronchiseptica (ATCC
4617), spread over base layer, (¢) cylinders put in
place and solutions added, (d) plates incubated at
37°C. for 16 to 18 hours, diameters of zones measured.

ERyTHROMYCIN
As for penicillin except: (a) different agar media

used for base and seed layers, (b) plates incubated at
32°C. to 35°C. for 16 to 18 hours. .
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MAGNAMYCIN

As for penicillin except: (a) different agar media
used for base and seed layers, (b) six ml. of agar
medium used for base layer.

Disc-plate methods.

One of the earliest disc-plate methods suggested
was that of Welsh, et al. (192) which employed three
ml. agar medium seeded with spores of B. subtilis per
petri dish, filter paper discs (seven mm. in diameter)
to each of which 0.03 ml. test liquid was added, and
an incubation temperature of 39°C. Results were
read after four hours.

Drury (43) described a procedure which was com-
monly used for many years. This method employed:
(a) Difco whey agar seeded with B. subtilis spores
so that the final concentration was 250,000 spores
per ml. of agar, (b) ten ml. seeded agar per petri plate,
(c) 0.25 inch paper discs soaked in milk (absorbed
about 0.017 ml. milk) and placed on surface of seeded
agar, and (d) incubation at 37°C. for four hours. Plates
were then checked for zones of inhibition.

This method was studied by Silverman and Kosi-
kowski (168) who used 0.5 inch discs in addition to
the 0.25 inch ones. They reported the method in-
effective for detection of sulfa drugs or quaternary
ammonium compounds.

Modifications of the above described test were in-
troduced by Cerny and Morris (29). They suggested
use of: (a) six ml. seeded agar in a flat-bottor petri
dish, (b) milk heated to 180°F. for five minutes, (c)
two 0.5 inch filter paper discs, one superimposed on
the other, and (d) incubation of plates at 37°C. for
eight hours or overnight at 77°F. They found use of
double discs (0.5 inch) made the test precise to 0.01
unit penicillin per ml. while precision below 0.1 unit
per ml. was lost with 0.25 inch discs. Double discs
(0.5 inch) absorbed about ten times as much milk as a
single 0.25 inch disc. It was claimed the test would
also detect low concentrations of chlortetracycline,
oxytetracycline, streptomycin, polymyxin-B, neomycin,
bacitracin and combinations of sulfa drugs.

Gogas and Bicknell (58) described a disc-plate
method to detect penicillin in milk which provided
results in two hours ‘or less. The procedure outlined
for this test follows: (a) two ml. of a 48 hour broth cul-
ture of B. subtilis (ATCC 6633) was added to 100 ml.
of penassay agar, ( b) 15 ml. of inoculated agar added
per petri dish and covers of dishes replaced by steri-
lized porcelain or glass (with filter paper inner lining)
covers, (c) plates were inverted, incubated for 2.5
hours and 1'ef1'igerated until needed, (d) sterile filter
paper discs (12.7 mm. diameter—held 0.023 ml.) were
moistened with milk and placed on the surface of

agar, and (e) plates incubated at 37°C. for two hours
or less and checked for zone formation.

Johns and Berzins (80) studied the method just
described and found zones could be detected in two
hours only if fresh plates were used. When pre-
viously incubated plates were refrigerated overnight,
zones could first be detected after five hours of in-
cubation. It was further observed that larger zones
resulted when four instead of 15 ml. of seeded agar
was used. Growth on whey agar was slower than on
penassay agar and overnight incubation with the latter
resulted in overgrowth of zones.

A disc-plate method for detection of chlortetracy-
cline in milk was suggested by Grady and Williams
(60). This method was based on one previously used
to determine chlortetracycline in feeds. The following
was suggested: (a) petri plates were prepared with a
base layer of agar medium and a layer seeded with
spores of Bacillus cereus, (b) serial dilutions of milk
and of a known chlortetracycline solution were pre-
pared, (¢) 0.1 ml. of all dilutions were pipetted onto
separate discs previously placed on the surface of
agar, (d) plates were refrigerated for one hour, then
incubated 28 to 30° C. for 15 to 18 hours, (e) zones
produced by milk samples were compared to those of
standard solutions.

Pital, et al. (134) described a method for determin-
ing sensitivity of organisms to antibiotics. Discs im-
pregnated with antibiotics were placed on seeded
plates and incubated at 37°C. for a short time. The
discs were then removed and 0.6 ml. of a 0.05 per
cent resazurin solution was poured over the surface
of agar and allowed to diffuse for ten minutes. Plates
were returned for incubation and zones of inhibition
were clearly marked by a color difference. Tests
were completed in 4.5 hours for Bacillus anthracis, 5.5
hours for Brucella suis and 2.3 hours for Staph. aureus.
Chloramphenicol, chlortetracycline, oxytetracycline
and penicillin were tested. This method was later ap-
plied to detect antibiotics in milk by Shahani and
Badami (163, 164). They suggested the following:
(a) 100 ml. of an agar medium was inoculated with
four ml. of Staph. aureus (brain-heart infusion agar)
or Lactobacillus bulgaricus (whey agar plus ten per
cent filtered tomato juice), (b) 20 ml. seeded agar was
added per petri dish, (¢) 0.5 inch discs were soaked in
milk and placed on agar, (d) after incubation at 40°C.
for 40 minutes, discs were removed and the surface of
agar covered with 0.5 ml. 0.084 per cent resazurin
solution, (e) the surface was covered with mineral oil
(to prevent reoxidation of dye), plates were rein-
cubated at 40°C. and observed periodically. Within
ten to 90 minutes, dye was reduced by organisms
growing in agar except where antibiotics from milk
had diffused into the agar. After 40 to 150 minutes,
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zones were violet or deep red and the balance of the
agar surface was light red in color. The test, with
Staph. aureus, was claimed to detect 0.04 to 0.06
p.p-m. of penicillin, chlortetracycline, oxytetracycline
or tetracycline and 0.17 p.p.m. streptomycin in two
to three hours. When L. bulgaricus was used, similar
results were obtained for all antibiotics except strep-
tomycin which was detected at a level of 0.11 ppm
The test, however, required only 1.6 to 1.9 hours for
completion. Heating of milk to 170° F for two min-
utes eliminated false-positive results from natural in-
hibitory substances but decreased the sensitivity of
the test to 0.1 ppm for penicillin and chlortetra-
cycline and 0.3 ppm for streptomycin and oxytetra-
cycline (163).

Wolin and Kosikowski (196, 197) studied the effect
of natural inhibitory substances in milk on disc-assay
methods. Dried milk (lyophilized) discs prepared
from milks with the substances produced larger zones
than milkssoaked paper discs. Bacteria such as B.
subtilis, S. faecalis and E. coli were sensitive to these
inhibitory substances. Raw milks produced two
zones; the first appeared after 12 to 24 hours incuba-
tion at 20°C. and was characterized by no growth.
The second zone appeared later and was characterized
by disappearance of colonies. Incubation at 37°C.
for six hours produced zones but better results were
obtained at 20°C.

Sensitivity of the disc-plate method as affected by
discs was studied by Siino, et al. (167). They found
the test more sensitive when 0.5 inch discs (single or
double) were used instead of 0.25 inch (single or
double) ones. The sensitivity of the disc-plate meth-
od was also increased by use of freeze-dried discs
prepared from antibiotic-contaminated milks (see
above) in place of 0.5 inch milk-soaked paper
discs (91). ;

Parks and Doan (129) compared the TTC and disc-
plate (Bacto whey agar, Bacto subtilis spore suspen-
sion and 0.5 inch discs) tests for sensitivity to different
antibiotics. The disc-plate method detected 0.02 unit
penicillin O, 0.013 unit penicillin G, 0.055 ug. chlor-
tetracycline and 0.75 pg. streptomycin per ml. Seeded
agar had to be refrigerated for 48 to 96 hours to de-
tect the low level of chlortetracycline indicated and
250 hours for streptomycin.  The TTC test was similar
in sensitivity for penicillins and chlortetracycline but
less sensitive for streptomycin.

Recently Arret and Kirshbaum ( 7) reported a disc-
assay method which was said to detect 0.05 unit of
penicillin per ml of milk in 2.5 hours. Procedures
were described for preparation of media and of a
Bacillus subtilis (ATCC 6633) spore suspension (the
test organism ). Testing methods called for: (a) prep-
aration of petri plates with ten ml. of previously

e

seeded agar (rate of seeding to be determined by trial
and error) and storage at 15°C. for three to five days
before use, (b) 0.25 inch discs dipped in milk samples
and placed on surface of seeded agar together with a
control disc previously prepared from a 0.05 unit per
ml. penicillin solution, (¢) plates incubated at 37°C.
for 2.5 hours and checked for zone formation. A pro-
cedure, based on the use of penicillinase, to determine
whether antibiotic activity was caused by penicillin
was suggested. Preincubation of seeded plates for
0.5 to 1.0 hour at 37°C reduced sensitivity of the test.
The authors later modified the indicated procedure
by recommending that seeded agar plates be stored
in the refrigerator instead of at 15°C. (8).

Johns (79) studied the Arret and Kirschbaum method
and concluded it was less reliable, sensitive or simple
than the disc-assay method which used commercially
available materials. The test was claimed to be less
simple for it required: (a) preparation of spore sus-
pensions, and (b) incubators set at 15°C and
37°C, neither of which were usually available in dairy
laboratories (the 15°C incubation requirement later
was replaced by need for a refrigerator — see above).
Johns claimed the method was less reliable for, as de-
scribed, it failed to detect penicillin. The method was
found less sensitive than others for: (a) it suggested
use of 0.25 inch discs which hold about one-sixth as
much milk as 0.5 inch discs, and (b) required use of
ten ml. agar medium per plate when it is generally
recognized that a thinner layer provides greater sen-
sitivity.

Results of studies on the F.D.A. method carried out in
this (author) laboratory (2) were in substantial agree-
ment with those of Johns (79). A comparison of three
media; penassay, brain-heart and whey agar; showed
greatest sensitivity was obtained with penassay agar.
Studies on spore concentration needed in agar showed
that about 8,000,000 per ml. were necessary to obtain
sufficiently sensitive results in 2.5 hours. The level
of seeded agar needed in petri dishes for best results
was checked and five ml. was most suitable for regu-
lar detection of 0.05 unit penicillin per ml. of milk.
When 10 ml. were used, erratic results with frequent
false-negatives were obtained. Flat bottom, regular
and plastic petri dishes were all found suitable for use
provided they were poured on a flat surface and that
bottoms were not excessively scratched. Porcelain
covers did not seem to improve the test. Greater
sensitivity was obtained when 0.5 inch discs were
used instead of recommended ones.

Commercial preparations (Difco and Baltimore Bi-
ological Laboratories) are currently available for use
in performing the rapid disc-plate test. Spore concen-
trations have been adjusted appropriately so that re-
sults are obtained in 2.5 hours.
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Recently Igarashi, et al. (78) suggested a rapid disc-
plate method which employed: (a) trypticase-yeast
extract-glucose agar, (b) Bacillus stearothermophilus,
(¢) 0.5 inch discs and (d) an incubation of 65°C. for
1.5 hours. The test detected as little as 0.005 unit
penicillin present per ml. of milk.

Field test kits.

Kosikowski (89) suggested use of plastic plates
seeded with antibiotic sensitive-bacteria and packaged
under vacuum or gas in aluminum-polyethylene
pouches together with discs and a tweezer as a com-
plete test kit for use in detection of antibiotics in milk.
Studies showed that either S. lutea or Staph. aureus
remained dormant and survived 12 days at 34°C or
21 days at 37°C when stored in kits described above.
Sensitivity to penicillin was unimpared but growth
was less luxuriant after storage. When B. subtilis was
handled in a similar fashion, it survived but had lost
its sensitivity to penicillin (98).

More recently Kosikowski and Ledford (90) sug-
gested a procedure which eliminated need for anaero-
biosis to preserve test materials from time of produc-
tion until use. A spore suspension of B. subtilis was
incorporated into non-nutrient agar (with 0.9 per cent
NaCl) which was poured into plastic petri dishes.
Discs were prepared by soaking in a nutrient solution
after which they were dried. The seeded petri plate,
discs and a tweezer were packaged together. When
the test was used, nutrient-saturated discs were dipped
into milk samples and placed on the surface of agar.
Both nutrients and antibiotic diffused into the agar.
Growth of bacteria was prevented in a small zone
around the disc (into which the antibiotic and nutri-
ent had diffused) but occurred in a circular area furth-
er from the disc (into which only the nutrient dif-
fused).

Levowitz (100) described a similar test kit which
used B. subtilis or S. lutea. Plates prepared with B.
subtilis were read after four to six hours of incubation
at 95°F. and were sensitive to 0.05 unit per ml. of
penicillin. - An incubation period of 16 hours at room
temperature was required for plates seeded with S.
lutea.

MISCELLANEOUS TESTS

Earlier work (109) indicated morphology of certain
lactic acid bacteria was influenced by antibiotics pre-
sent in the growth medium. Liska (103) reported
penicillin caused a swelling and an elongation of in-
dividual cells of S. lactis, S. thermophilus and Leu-
conostoc dextranicum. Changes in appearance of S.
thermophilus cells could be detected after exposure
to 0.025 to 0.5 unit per ml. of penicillin for 30 min-
utes at 37°C. These observations served as bases for

the direct microscopic test to detect antibiotics in
milk as suggested by Liska (101,102). Samples of milk
and an appropriate control were heated to 80°C. for
three minutes, cooled to 37°C. and inoculated with a
1:10 dilution (in antibiotic-free skim milk) of a pre-
viously coagulated milk culture of S. thermophilus.
The inoculated samples were held at 37°C. for 60 to
90 minutes and mixed at 30 minute intervals. Slides
were than prepared from the sample, stained with
acid-water free methylene blue or the Newman-Lam-
pert method and examined microscopically. —The
average number of bacterial clumps in five fields was
determined and bacterial cells were observed for dis-
tortion or enlargement. Results indicated antibiotics
were present in any sample which caused cell distor-
tion or enlargement and/or had a clump count per
field which was 50 per cent less than the control. It
was claimed the method (after 90 minutes of incuba-
tion) could detect a minimum of 0.015 unit of peni-
cillin, 0.15 pg. of chlortetracycline or oxytetracycline,
0.01 pg. of bacitracin or 0.75 ug. of chloramphenicol
per ml. of milk. The presence in milk of five p.p.m.
chlorine or 40 p.p.m. Iodophors gave results similar
to those obtained with antibiotics.

A test for detection of penicillin in milk and based
on morphological changes of S. cremoris was suggested
by Whitehead and Cox (193). After inoculated test
milks were incubated at 30°C. for five hours, the
presence of 0.05 unit penicillin per ml. resulted in the
formation of swollen cells while 0.1 unit per ml. fre-
quently produced rod-shaped cells.

Mattick (113) and Mattick, et al. (114) reported a
method for detection of antibiotics in milk based on
inhibiting reduction of nitrate to nitrate by Staph. aur-
eus. This test detected antibiotics at indicated mini-
mum levels: penicillin, 0.1 unit per ml; chlortetracy-
cline, 0.5 ppm; streptomycin, 1.0 ppm; oxytetracy-
cline, 0.9 ppm; and bacitracin, 10 units per ml. The
procedure suggested follows: (a) 0.1 ml. of a 20 per
cent sodium nitrate solution and five ml. of a 24 hour
Staph. aureus culture were added to 10 ml. of milk
sample, (b) after incubation at 37°C. for 90 min., one
ml. of 15 per cent trichloroacetic acid was added and
the mixture filtered, (c) one ml. of sulfanilic acid was
added to a mixture of five ml. filtrate and five ml.
nitrogen-free water in an ice-bath, (d) one ml. of alph-
anapthylamine hydrochloride was added, the degree
of color was determined by means of a colorimeter and
compared to appropriate standards.

Mathews and Hesketh (112) suggested a method
for detection of penicillin in milk (down to 0.025 unit
per ml.) based on inhibition of Sarcina lutea. Equal
volumes (two ml) of test milk and melted, sterile
proteose-peptone agar were mixed and slanted. After
solidification, slants were streaked with S. lutea, in-
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cubated at 25 to 37° C. for 16 hours and checked for
presence or absence of yellow colonies.

The two methods described briefly below have not
been applied to milk but are included here because
of their possible interest to the reader. Berridge and
Barret (24) suggested a turbidimetric method to assay
for antibiotics. Serial dilutions of the test antibiotic
were added to log-phase cultures of S. agalactiae. After
30 minutes of incubation, turbidity determinations
were made and compared to previously established
standards. The method was found applicable for
assays of penicillin, streptomycin, chlortetracycline
and gramicidin. Royce, et al. (150) suggested the use
of penicillinase in assays for penicillin.  The sample
(50 mg.) was added to water (10 ml.) with phenol
red (0.2 ml.) and the mixture adjusted to pH 7.5. One
ml. of penicillinase (at pH 7.5) was added and al-
lowed to react at room temperature for 30 minutes.
The mixture was titrated with 0.01 N sodium hydrox-
ide until the solution color matched a control. The
quantity of penicilloic acid present was measured by
the titration. Penicillinase catalysed the hydrolysis
of penicillin to penicilloic acid. It was claimed that
each ml. of 0.01 N sodium hydroxide used in the
titration represented the presence in the sample of
6,023 units of penicillin.

SUMMARY

Milk supplies, under certain conditions, were con-
taminated with antibiotics as a result of: (a) treatment
of bovine mastitis, (b) injection of dairy cattle, (¢) oral
ingestion (when used to preserve silage, control bloat
or as a feed supplement). Proper use of antibiotics
reduced or eliminated contamination.

Constituents of milk partially inactivated different
antibiotics. Low temperature storage had no adverse
effect on antibiotic activity. v

Allergic reactions in certain sensitive individuals
have resulted from consumption of penicillin-con-
taminated dairy products and have been treated with
penicillinase.

Common bacteriological tests used to detect an-
tibiotics in milk include those based on: (a) acid pro-
duction, (b) dye-reduction or (¢) growth of test or-
ganisms in an agar medium. Several others have
been described.

The use of antibiotic-dye mixtures in treatment of
mastitis has been suggested as a means for visual
detection of contamination in milk.
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BOVINE MASTITIS: ITS DETECTION AND PREVENTION"*

1. A. SCHIPPER

Department of Veterinary Science,

North Dakota State University, Fargo

“CORONER ACTS TO CURB TOOL OF PEN-
ICILLIN — Cites 3 Deaths, Asks Sensitivity tests.”
This was an actual newspaper headline (I). It is
estimated that five to six per cent of all individuals
are sensitive to some form of penicillin, with 3,000 to
4,000 cases annually of anaphylactoid shock and a
mortality rate of ten per cent (33). Demonstration
of definite penicillin sensitization to humans through
contaminated milk has been recorded (34, 32).
These incidents have created a greater cognizance
of the importance of penicillin and other antibiotics
in milk utilized for human consumption with the con-
comitant emphasis on mastitis prevention and ther-

apy (31).

WHAT 18 MASTITIS?

Mastitis is an inflammation of any part or all of
the mammary gland with the cardinal symptoms of
heat, redness, swelling, pain, and the abnormal secre-
tion that usually accompanies inflammation of tissue.
The presence of an organism within the mammary
gland does not in itself constitute mastitis, as most
quarters of nearly all mammary glands contain or-
ganisms living as commensal parasites (9, 16, 7).
These organisms are all potential mastitis producing
organisms, and will become pathogenic if the mam-
mary gland is subjécted to stress and its resistance

lowered.

Mastitis differs from many of the infectious dis-
cases of cattle such as tuberculosis, brucellosis, and
anthrax in that no one specific organism alone is re-
sponsible for the initiation and the production of the
symptoms of mastitis. Numerous investigations have
been concerned with Streptococcus agalactiae as a spe-
cific causative agent of mastitis. Confusion has result-
ed in that inhibitory bacteriological media were uti-
lized to exclude all other organisms, or if other organ-
isms were isolated on a non-inhibitory medium, organ-
isms other than S. agalactiae often have been desig-
nated as contaminants. The theory that mastitis is the
presence within a mammary gland of an organism,
with total disregard for clinical symptomatology, has
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contributed to additional confusion with wide vari-
ance in investigational data and conclusions (3, 14,
19, 21).

Clinical mastitis may be classified on the basis
of pathology and severity. In mild mastitis a few
clots appear in the first milk removed. Sometimes
there is a slight swelling of the infected quarter and
this quarter may have a temperature above normal.

In acute mastitis many clots are formed and the
infected quarter has an extensive abnormal secre-
tion. The quarter is swollen, hard and hot. The
body temperature is abnormal and the cow may be
off feed.

In peracute mastitis all the symptoms of the acute
form are exhibited only in a more intense manner.
In addition, the animal is usually completely off feed
and very depressed. All cows that have mastitis will
give less milk, but in a varying degree.

In chronic mastitis intermittent symptoms of any
one of the above types may be present.

WHAT ARE THE CAUSATIVE AGENTS OF MasTITIS?

Investigators utilizing non-inhibitory media and
isolating organisms from mammary secretions have
reported staphylococei as the predominant organism
isolated (2, 4, 6, 17, 18, 20, 22). Investigations by
Krabbenhoft et al. (12) have corroborated these find-
ings in isolations from mammary secretions of clini-
cal mastitic and nonmastitic glands or quarters
(Table 1).

In addition, many other microorganisms and vir-
uses have been isolated from the mammary gland
and/or designated as the causative agent of mas-
titis (Table 2). When consideration is given to the

TaBLE 1—DISTRIBUTIONS OF MICROORGANISMS (% DISTRIBUTION )
FroMm MasTrtic AND NON-MAsTITIC QUARTERS

Microorganisms Mastitic Non-mastitic
Isolated cuarters quarters
Micrococcus 62 76
Escherichia and Aerobacter 10 9
Streptococcus 14 3
Proteus 4 1
Corynebacterium 2 4
Bacillus 2 3
Klebsiella i 0
Gaffkya 0 3
Sarcina 0 2
Diplococcus 2 0
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TABLE 2—MICROORGANISMS ISOLATED FROM MASTITIC AND/OR
INCRIMINATED AS CAUSATIVE AGENTS OF MASTITIS

Bacteria Molds And Yeasts
(Gram -+ ) (Gram —) Nocardia
Staphylococcus Pasteurella Candida
Streptococcus Brucella Cryptococcus
Clostridium Klebsiella Blastomyces
Gaffkya Erysipelothrix . Viruses
Sarcina Escherichia I\‘e“.’ C*‘Stkf Dlsez.\.s'e
Tdsteria Aerobacter Vesw.ul.ar Stomatitis
Serratia Proteus Va.ccmla‘
Muycobacterium Pseudomonas Psittacosis
Corynebacterium Leptospira FOOt. and Mouth
Disease
Enteric

multitudinous forms of microbiological life existing
in the environment of the bovine, and the anatomical
arrangement of the mammary gland, it is readily un-
derstandable that the ease of mammary invasion pro-
vides extensive variations of intra-mammary micro-
bial life. The intramammary flora of clinical mas-
titis-free mammary glands deserves greater cogni-
zance. Investigations indicate that the chemothera-
peutic removal of one genus usually provides a more
suitable environment for other existing organisms, or
for the intramammary invasion of organisms existing
in the immediate environment that previously have
not been present in the mammary gland.

Through various organisms apparently live a para-
sitic (commensal form) life within the mammary
gland, they all possess a pathogenic potentiality that
is released upon subjection of the mammary gland to
stress. Stress may result from trauma or lowered
resistance within the mammary gland with resulting
inflammation and abnormal secretions.

How May MastITiS BE DETECTED?

Many tests have been proposed to detect mastitis,
through few have withstood the test of time. The
strip cup, when used at each milking, has proved one
of the most reliable tests available to the dairyman.
It provides detection of the early symptoms of mas-
titis as well as the specific infected quarter. Tt is
a simple, inexpensive, rapid test not requiring the
addition of chemicals or stirring.

Laboratory bacteriological examination of milk sam-
ples has often been advocated. This method provides
information regarding the specific organism present
within the mammary gland. If clinical mastitis exists,
the time lapse between collection of the milk sample
and bacteriological identification is too great to
provide information that will contribute to chemo-
therapy. Thus, by the time identification has been
completed, successful therapy will have resulted by
“guess” chemotherapy; or the inflammation will have

Its DETECTION AND PREVENTION

progressed beyond possible successtul therapy. When
bacteriological examination of milk is utilized in a
prevention program, a decision must be made as to
which organism will be designated as the causative
agent of bovine mastitis. If the designated organism
is eliminated, the possibilities of its return or its re-
placement by even a more virulent type must be
considered.

The Whiteside test has been demonstrated to be of
value in detecting the existence of mastitis within a
herd when carried out on a sample of herd milk
from a bulk tank (10, 26). Its use on an individual
cow/or individual quarter basis has indicated a high
incidence of mastitis to exist in herds where little or
no clinical mastitis has existed over an extended peri-
od of time. Recently, a modification of the White-
side test (California Mastitis Test) has been proposed
for the individual cow and herd detection of mastitis.
Investigations indicate that this test, as the White-
side, is extremely sensitive when employed on a per
quarter or cow basis (8). Instances of 75% or more
of the quarters being positive with no record of clin-
ical mastitis existing for eight months prior to the
test and six months following the test have been
recorded (25).

Bacterial counts have been employed and advo-
cated as indicators of mastitis, but investigations have
demonstrated little correlation between bacterial
counts and the incidence of mastitis (30). Relation-
ship between bacterial counts, dairy equipment sani-
tation and the cooling process of milk have definitely
been demonstrated.

PreEDISPOSING CAUSES OF MASTITIS

Mastitis can be described as a “do-it-yourself dis-
ease of dairy cattle.” The necessary tools are found
in the tool box “of inefficient management.” Preven-
tion is nothing more than the exercising of good man-
agement procedures and sane dairy practices that are
often ignored or inadequately carried out.

Milking

Milk “let-down” is one of the paramount essentials
of good milking. Cows that have been improperly
stimulated will not let down their milk, with resulting
crawling of teat cups and mammary gland tissue
damage. Washing the udder with warm water and
massaging are part of the necessary procedures re-
quired to induce milk “let-down.” Disinfectants in
the wash water have not proved to be of value in the
prevention or control of mastitis (5).

The milking machine always should be kept in
maximum operating condition (15). The milking
machine serviceman can be of inestimable value to
the dairyman through routine machine inspection, re-
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Figure 1. The use of the
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strip cup at every milking is the best for early detection of mastitis.
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pair and in training the dairyman to correctly use
the milking machine.

Though the milking machine has received much
blame as the cause of mastitis, the operator is the
predominant influencing factor. If the milking pro-
cedure is to be adequately carried out, one man
should operate no more than two units at any one
time. The predominant oversight on the part of the
milker is the failure to remove the teat cup when
the quarter is dry. All quarters do not milk out at
the same time. A good milker knows the variations
in the milk-out time of each of the quarters of each of
the cows he milks. When the teat cup is not removed
from a milked-out quarter, the intramammary vacuum
is increased and trauma results, providing the neces-
sary conditions for the initiation of mastitis. When
the teat cup is removed, the vacuum should be re-
leased before removal to prevent eversion of the teat
canal and irritation to the sensitive lining.

Rubber inflations that are cracked or have lost their
elasticity and are caked with milk deposits are an-
other predominant cause of mastitis. Two sets of
rubber inflations should be used interchangeably for
weekly intervals. While not in use, storage in a 5%
lye solution prolongs the life and increases the milk-
ing efficiency of rubber inflations (II). All rubber
parts of the milking machine should carefully and
frequently be inspected for cracks or leaks, as any
alteration in the normal recommended vacuum often
contributes to injury of the mammary gland. A
milking machine should be operated according to the
manufacturer’s instructions. The pulsation rate and
vacuum, when incorrect, may cause mastitis. It is
always a good policy to stop milking with machines
when production is below five pounds per milking.

Housing and the Housing Area

Dampness, cold, and drafts are factors of stress to
the mammary gland, with mastitis usually following.
Cold concrete floors, lack of bedding, open hay or
stray chutes, broken windows or doors, and poor
ventilation may cause these stresses. The cow should
be provided with stall or laying space of adequate
size and maximum comfort if injury and stress are to
be avoided. Barn yards and pastures that have
barbed wire, sharp rocks, and rubbish laying around
may cause injury to the mammary gland often as-
sociated with mastitis.

Stagnant pools of water frequently contain mastitis-
producing organisms and it is not unusual to observe
cows standing udder-deep in such pools during hot
weather. These pools will not only provide con-
tact with mastitis-pr()ducing organisms but cause
chapped and irritated teats. The resulting pain dur-

ing the milking process will cause failure of milk let-
down, trauma and mastitis.

Figure 2. Adequate housing space that is dry, well bedded,
and free of drafts is essential in preventing mastitis.

Figure 3. The outlet opening of the automatic barn cleaner
may serve as the source of cold draft on udders of stanchioned
COWS.

Approaches to the milking parlor or the barn should
be of cement roughened enough to prevent slipping
and designed to provide maximum drainage and to
assure the absense of any protruding material that
might cause injury to the mammary gland.

Investigations have demonstrated that a simple,
sane, well-presented mastitis prevention program (see
below) will greatly aid the dairy farmer in preventing
mastitis and lower the antibiotic content of milk sup-
plied to the market (23) (Table 3). This can be
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TABLE 3—Fi1cURES REPRESENT PERCENTAGE OF HEeRrDs HAVING
CLINICAL MASTITIS, AND PERCENTAGE OF BULK MILK SAMPLES
CONTAINING ANTIBIOTICS BEFORE AND FOLLOWING
PRESENTATION OF MASTITIS PREVENTION PROGRAM
OuTLINED IN TEXT

Antiibotics

Clinical mastitis in bulk samples

November 31.1% 8.1
December 15.0%
January 34.4 5.4
February 43.5 13.5
Mastitis meeting with producers
prevention pregram presented
March 7.3 0.0
April 78 0.0
May 5.1 0.0

achieved only when maximum cooperation is ob-
tained by all persons associated with the dairy indus-
try, including the veterinarian, the milk inspector, the
milk plant fieldmen, the dairy farmer, the milking
machine serviceman, and the dairy extension service.

" Inheritance

! The possibility of inherited resistance has often
3 been suggested (I3). Investigations indicate that
: the most important aspect of the inheritance to mas-
: titis resistance is udder attachment and teat anatomy
and placement. Teats from which it is difficult to
remove milk or that are attached so as to tend to be-
come horizontal often are on (uarters that prove to
I have mastitis. An extremely large udder with a
weak attachment will become pendulous with age
and is subject to consistent trauma and/or injury.

s

VACCINATION

§  Vaccination with mixed bacterins and toxoids have,
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Figure 4. Cows with strongly attached udders usually are
less susceptible to udder injury and mastitis.
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at various times, received much attention as a means
of mastitis prevention. Though vaccination may be
of some benefit, it cannot replace good management
and sane dairy practices. A possible reason that vac-
cines have failed over a period of time has been
the attempt by the dairy farmer to replace good man-
agement and sane dairy practices with vaccination.

TREATMENT

The dairyman who devotes full time to mastitis
prevention and relies on a competent veterinarian
for chemotherapy, when 