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buffer wash. Extract the penicillin
from the amyl acetate with a 10–milli-
liter aliquot of 1 percent potassium
phosphate buffer, pH 6.0 (solution 1 as
described in § 436.101). This is the assay
solution.

(d) Procedure for assay. For the stand-
ard response line, use a total of 15
plates (three plates for each response
line solution, except the reference con-
centration solution, which is included
on each plate). On each set of three
plates, fill three alternate cylinders
with the reference concentration solu-
tion and the other three cylinders with
the concentration of the response line
under test. Thus, there will be 45 ref-
erence concentration zones of inhibi-
tion and nine zones of inhibition for
each of the other concentrations of the
response line. Treat a portion of the
sample solution (2 to 5 milliliters) with
0.1 milliliter of penicillinase solution
and incubate at 37° C. for 1 hour. For
each sample tested, use three plates.
On each plate fill two cylinders with
the 0.050 unit of penicillin G per milli-
liter standard, two cylinders with the
untreated sample, and two cylinders
with the penicillinase-treated sample.
Incubate all plates, including those of
the standard response line, overnight
at 30° C. A zone of inhibition with the
untreated sample and no zone with the
penicillinase-treated sample are a posi-
tive test for penicillin. If a positive
test is obtained, measure the diameters
of the zones of inhibition using an ap-
propriate measuring device such as a
millimeter rule, calipers, or an optical
projector.

(e) Estimation of penicillin G activity.
To prepare the standard response line,
average the diameters of the standard
reference concentration and average
the diameters of the standard response
line concentration tested for each set
of three plates. Average also all 45 di-
ameters of the reference concentration.
The average of the 45 diameters of the
reference concentration is the correc-
tion point of the response line. Correct
the average diameter obtained for each
concentration to the figure it would be
if the average reference concentration
diameter for that set of three plates
were the same as the correction point.
Thus, if in correcting the 0.025 penicil-
lin G concentration, the average of the

45 readings of the 0.050 unit of penicil-
lin G–per–milliliter concentration is
18.5 millimeters and the average of the
0.050 unit of pencillin G–per milliliter
concentration of this set of three
plates is 18.3 millimeters, the correc-
tion is +0.2 millimeters. If the average
reading of the 0.025 unit of pencillin G–
per–milliliter concentration of these
same three plates is 15.5 millimeters,
the corrected value is 15.7 millimeters.
Plot these corrected values, including
the average of the 0.050 unit of penicil-
lin G-per-milliliter concentration, on
semilogarithmic graph paper using the
pencillin concentration in units per
milliliter on the logarithmic scale and
the diameter of the zone of inhibition
on the arithmetic scale. Draw the line
of best fit through these points. To es-
timate the sample potency, average the
zone diameters of the standard and the
zone diameters of the sample on the
three plates used. If the average zone
diameter of the sample is lower than
that of the standard, subtract the dif-
ference between them from the ref-
erence concentration diameter of the
standard response line. From the re-
sponse line, read the concentrations
corresponding to these corrected values
of zone diameters. Multiply the con-
centration by the dilution factor to ob-
tain the units of penicillin G per sam-
ple size tested.

[39 FR 18944, May 30, 1974, as amended at 41
FR 34743, Apr. 17, 1976]

§ 436.105 Microbiological agar diffu-
sion assay.

Using the sample solution prepared
as described in the section for the par-
ticular antibiotic to be tested, proceed
as described in paragraphs (a), (b), (c),
and (d) of this section.

(a) Preparation of inoculated plates.
For each antibiotic listed in the table
in this paragraph, select the media (as
listed by medium number in
§ 436.102(b)), the amount of media to be
used in the base and seed layers, the
test organism (as listed in § 436.103(a)),
and the suggested inoculum and pre-
pare the inoculated plates as follows:
Prepare the base layer by adding the
appropriate amount of melted agar to
each Petri dish (nominal dimensions 20
by 100 millimeters). Distribute the agar
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evenly in each dish on a flat, level sur-
face, placing a cover on each plate in
turn; if a nonporous cover is used,
leave it slightly ajar to prevent accu-
mulation of condensed moisture from
the hot agar base layer. After the agar
hardens, seat the nonporous cover on
each plate. To prepare the seed layer,
add the suggested inoculum of the test
organism suspension to a sufficient
amount of agar, which has been melted
and cooled to 48° C–50° C. Swirl the

flask to obtain a homogeneous suspen-
sion, and add the appropriate amount
of the inoculated media to each of the
plates containing the uninoculated
base agar. Spread evenly over the agar
surface, cover, and allow to harden on
a flat, level surface. After the agar has
hardened, place 6 cylinders described in
§ 436.100(a)(1) on the inoculated agar
surface so that they are at approxi-
mately 60° intervals on a 2.8—centi-
meter radius.

Antibiotic

Media to be used (as
listed by medium

number in
§ 436.102(b))

Milliliters of media to
be used in the base

and seed layers

Test or-
ganism

Suggested
volume of
standard-

ized
inoculum to
be added to

each 100
milliliters of
seed agar

Incubation
Tempera-

ture for the
platesBase

layer
Seed
layer

Base
layer

Seed
layer

Milliliters Degrees C.
Amoxicillin ........................................... 11 11 21 4 C 0.5 32–35
Amphotericin B ................................... None 19 None 8 E 1.0 29–31
Ampicillin ............................................. 11 11 21 4 C 0.5 32–35
Bacitracin ............................................ 2 1 21 4 B 0.3 32–35
Bacitracin ............................................ 2 1 21 4 L 0.3 32–35
Bleomycin ........................................... 35 35 10 6 X 1.0 32–35
Carbenicillin ........................................ 9 10 21 4 W 2 0.5 36–37.5
Cefactor .............................................. 2 1 21 5 A 0.05 36–37.5
Cefadroxil ............................................ 2 1 21 4 A 0.05 36–37.5
Cefamandole ....................................... 2 1 21 5 A 0.06 36–37.5
Cefazolin ............................................. 2 1 21 4 A 0.05 32–35
Cefotaxime .......................................... 2 1 21 5 A 0.1 36–37.5
Cefoxitin .............................................. 2 1 21 5 A 0.1 36–37.5
Cephalexin .......................................... 2 1 21 4 A 0.05 32–35
Cephaloglycin ..................................... 2 1 21 4 A 0.2 32–35
Cephaloridine ...................................... 2 1 21 4 A 0.1 32–35
Cephalothin ......................................... 2 1 21 4 A 0.1 32–35
Cephapirin ........................................... 2 1 21 4 A 0.08 32–35
Cephradine ......................................... 2 1 21 4 A 0.05 32–35
Clindamycin ........................................ 11 11 21 4 C 1.5 36–37.5
Cloxacillin ............................................ 2 1 21 4 A 0.1 32–35
Colistimethate, sodium ....................... 9 10 21 4 F 0.1 36–37.5
Colistin ................................................ 9 10 21 4 F 0.1 36–37.5
Cyclacillin ............................................ 11 11 21 4 C 0.5 36–37.5
Dactinomycin ...................................... 5 5 10 4 H (1) 36–37.5
Dicloxacillin ......................................... 2 1 21 4 A 0.1 32–35
Dihydrostreptomycin ........................... 5 5 21 4 H (1) 36–37.5
Erythromycin ....................................... 11 11 21 4 C 1.5 32–35
Gentamicin .......................................... 11 11 21 4 D 0.03 36–37.5
Kanamycin B ....................................... 5 5 21 4 H (1) 36–37.5
Methicillin ............................................ 2 1 21 4 A 0.3 32–35
Mitomycin ............................................ 8 8 10 4 H 0.5 36–37.5
Nafcillin ............................................... 2 1 21 4 A 0.3 32–35
Natamycin ........................................... None 19 None 8 E 0.8 29–31
Neomycin ............................................ 11 11 21 4 A 0.4 32–35
Neomycin ............................................ 11 11 21 4 D 1.0 36–37.5
Netilmicin ............................................ 11 11 20 5 D 0.25 36–37.5
Novobiocin .......................................... 2 1 21 4 D 4.0 34–36
Nystatin ............................................... None 19 None 8 T 1.0 29–31
Oleandomycin ..................................... 11 11 21 4 D 1.0 36–37.5
Oxacillin .............................................. 2 1 21 4 A 0.3 32–35
Paromomycin ...................................... 11 11 21 4 D 2.0 36–37.5
Penicillin G .......................................... 2 1 21 4 A 1.0 32–35
Penicillin V .......................................... 2 1 21 4 A 1.0 32–35
Plicamycin ........................................... 8 8 10 4 A 0.1 32–35
Polymyxin B ........................................ 9 10 21 4 F 0.1 36–37.5
Rifampin .............................................. 2 2 21 4 H 0.1 29–31
Sisomicin ............................................. 11 11 21 4 D 0.03 36–37.5
Streptomycin ....................................... 5 5 21 4 H (1) 36–37.5
Ticarcillin ............................................. 38 38 21 4 Y 1.5 36–37.5
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Antibiotic

Media to be used (as
listed by medium

number in
§ 436.102(b))

Milliliters of media to
be used in the base

and seed layers

Test or-
ganism

Suggested
volume of
standard-

ized
inoculum to
be added to

each 100
milliliters of
seed agar

Incubation
Tempera-

ture for the
platesBase

layer
Seed
layer

Base
layer

Seed
layer

Milliliters Degrees C.
Vancomycin ........................................ 8 8 10 4 H (1) 36–37.5

1 Determine the amount of the inoculum by the use of test plates.
2 Use dilution of the suspension that gives 25 percent light transmission in lieu of the stock suspension.

(b) Preparation of working standard
stock solutions and standard response line
solutions. For each antibiotic listed in
the table in this paragraph, select the
working standard drying conditions,
solvent(s), concentrations, and storage
time for the standard solutions and
proceed as follows: If necessary, dry
the working standard as described in
§ 436.200; dissolve and dilute an accu-
rately weighed portion to the proper
concentration to prepare the working

standard stock solution. Store the
working standard stock solution under
refrigeration and do not use longer
than the recommended storage time.
Further dilute an aliquot of the work-
ing standard stock solution to the
proper concentrations to prepare the
standard response line solutions. The
reference concentration of the assay is
the mid concentration of the response
line.
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(c) Procedure for assay. For the stand-
ard response line, use a total of 12
plates—three plates for each response
line solution, except the reference con-
centration solution which is included
on each plate. On each set of three
plates, fill three alternate cylinders
with the reference concentration solu-
tion and the other three cylinders with
the concentration of the response line
under test. Thus, there will be 36 ref-
erence concentration zones of inhibi-
tion and nine zones of inhibition for
each of the four other concentrations
of the response line. For each sample
tested use three plates. Fill three alter-
nate cylinders on each plate with the
standard reference concentration solu-
tion and the other three cylinders with
the sample reference concentration so-
lution. After all the plates have incu-
bated for 16 to 18 hours at the appro-
priate incubation temperature for each
antibiotic listed in the table in para-
graph (b) of this section, measure the
diameters of the zones of inhibition
using an appropriate measuring device
such as a millimeter rule, calipers, or
an optical projector.

(d) Estimation of potency. To prepare
the standard response line, average the
diameters of the standard reference
concentration and average the diame-
ters of the standard response line con-
centration tested for each set of three
plates. Average also all 36 diameters of
the reference concentration for all four
sets of plates. The average of the 36 di-
ameters of the reference concentration
is the correction point of the response
line. Correct the average diameter ob-
tained for each concentration to the
figure it would be if the average ref-
erence concentration diameter for that
set of three plates were the same as the
correction point. Thus, if in correcting
the highest concentration of the re-
sponse line, the average of the 36 diam-
eters of the reference concentration is
16.5 millimeters and the average of the
reference concentration of the set of
three plates (the set containing the
highest concentration of the response
line) is 16.3 millimeters, the correction
is +0.2 millimeter. If the average read-
ing of the highest concentration of the
response line of these same three plates
is 16.9 millimeters, the corrected diam-
eter is then 17.1 millimeters. Plot these

corrected diameters, including the av-
erage of the 36 diameters of the ref-
erence concentration on 2-cycle
semilog paper, using the concentration
of the antibotic in micrograms or units
per milliliter as the ordinate (the loga-
rithmic scale), and the diameter of the
zone of inhibition as the abscissa. The
response line is drawn either through
these points by inspection or through
points plotted for highest and lowest
zone diameters obtained by means of
the following equation:

L =
a b c e

H =
e d c a

3 + 2 +

5

3 + 2 +

5

−

−

where:
L=Calculated zone diameter for the lowest

concentration of the standard response
line;

H=Calculated zone diameter for the high-
est concentration of the standard re-
sponse line;

c=Average zone diameter of 36 readings of
the reference point standard solution;

a, b, d, e=Corrected average values for the
other standard solutions, lowest to
highest concentration, respectively.

To estimate the potency of the sample,
average the zone diameters of the
standard and the zone diameters of the
sample on the three plates used. If the
average zone diameter of the sample is
larger than that of the standard, add
the difference between them to the ref-
erence concentration diameter of the
standard response line. If the average
zone diameter of the sample is lower
than that of the standard, subtract the
difference between them from the ref-
erence concentration diameter of the
standard response line. From the re-
sponse line, read the concentrations
corresponding to these corrected values
of zone diameters. Multiply the con-
centration by the appropriate dilution
factor to obtain the antibiotic content
of the sample.

[39 FR 18944, May 30, 1974]

EDITORIAL NOTE: For FEDERAL REGISTER ci-
tations affecting § 436.105, see the List of CFR
Sections Affected appearing in the Finding
Aids section of this volume.

VerDate 09<APR>98 09:55 Apr 16, 1998 Jkt 179070 PO 00000 Frm 00366 Fmt 8010 Sfmt 8010 Y:\SGML\179070.TXT 179070-3


