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SUMMARY

Eight formulas of plating medium have been studied to determine their
comparative abilities in satisfying the cultural requirements of the bac-
terial population in materials of marine origin. Five series of experiments
comprising a total of 56 trials have been performed. The procedure and
technique employed are thoroughly discussed.

Media prepared with “aged” sea water as menstruum were found
to be definitely superior to those prepared with distilled water, alone
or with NaCl.

The effect of different diluents, various plating temperatures of the
medium and various incubation temperatures on the total bacterial
colony counts were also investigated.

The principal problem which arises when planning any bac-
teriological investigation requiring quantitative bacterial de-
termination in materials of marine source is the selection of a
medium that gives the most nearly accurate picture of their
bacterial population. Such a medium should satisfy the cul-
tural requirements of a great number of microorganisms in
the material under study.

The large number of nutrient media recommended for this
purpose attests to the basic importance of an appropriate
medium for enumerating marine bacteria. Comparative studies
conducted by the Scripps Institution of Oceanography, on a
large number of media which have been recommended by
various workers show that medium 2216 (vide infra) is one of
the best for supporting the growth of a maximum number of
bacteria and for ability to reproduce the plate counts on marine
material (ZoBell, 1946).

Fischer (cited by ZoBe]l, 1942) recommended a medium
which differs slightly from 2216. This medium contains 1.0
per cent peptone and 0.5 per cent fish extract in sea water. Zo-
Bell (1941), however, failed to produce any increase in plate
counts by fortifying Medium 2216 with various fish extracts.
Lloyd (cited by ZoBell, 1942) following experiments with ex-
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tracts of various marine organisms including fish, states that

they are not essential.
Bacteriologists of the Woods Hole Oceanographic Institution
(cited by ZoBell, 1946) adopted the following formula which

consistently gave them the best results:

Peptone .. g. 1.0
GIUCOSE  .oooianmmmesemsesmsssssiossisssss 1.0
K.HPO. 0.05
Agar .o 15.0
PR 1000.0

Berkeley, Lipmann, Bavendamn, Gee, and others (cited by
ZoBell, 1942) used media containing nitrate. ZoBell (1941),
using 0.005 to 0.10 per cent potassium nitrate, was unable to
demonstrate any effect, “beneficial or detrimental” on the quan-
titative or qualitative plate count.

Kiser and Beckwith (1944) in their study of the bacterial
flora of mackerel, compared mackerel infusion with 2216 me-
dium for quantitative bacteriological examination and found
the latter superior.

To the writer’s knowledge no work on this particular phase
of bacteriology has been conducted under local conditions.
In view of the necessity of a suitable medium for making total
and comparative counts of the shellfish-growing water and oys-
ters from the Bureau of Fisheries oyster farm at Binakayan,
in connection with investigations being conducted on these ma-

terials, the following series of experiments were performed.

MATERIALE
Media.—Eight formulas of plating medium were tried in this
study.
Formula 1—2216 Medium
Bacto peptone £. 5.0
Ferrvic phosphate ... — [} 0.1
e do 15.0

Bacto-agar oo
Sea Water (“aged”)
pH not adjusted, about 7.6 after sterilization.!

. ee. 1,000.0
............ o 3.0
. do 0.0

R

1 A1l media were sterilized in the autoclave at 15 lbs. pressule for 20

Bacto-beef e T JEEE SR
Bacto-PEPLONE  «owwrsriemmimemmse

minutes.
* Bacto-nutrient broth (Difco-glehydrated) was used with the other
cto-nutrient DTOLE A= o rmula, added. ‘
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BACEO-BEBE ~cornessgroncrosssissisississsosssiasice
pH adjusted to 7.8 before sterilization.

Formula 3—Nutrient agar with 0.5 per cent sodium chloride

o - 15.0
. ec. 1,000.0

Bacto-beef extract ..o
<l R R T R s T R 3.0
Bacto-BZAT oo s - >
Sodium chloride ... o
DiSHIlEd WAEEE eovoeoreersrerrorerveessnesce o
OH adjusted to 78 before sterilization. | AR
Formula 4—Nutrient agar with 15 i
per cent sodium chlori
Bacto-beef extract ... e
b R — L1 3.0
Bacto-agar e B0 o
Sodium chloride R o
Distilled water . oy 1150.0
pH adjusted to 7.8 before sterilization. esspazienm S0 B 000
Formula 5—“Alamang” infusion agar.’
Alamang infusion ...
T one s rensei0G 140000
Bacto-agar ... -
: iassmmmsssimminsmeremdeemamaabo s tatanal e T b
Adjusted to pH 7.8 before sterilization o
Formula 6—Fish infusion agar.*
Fish infusion
Bacto-peptone LR
BACLO-BEAY  wovcecorerermmssiesmmsmmamssss s d' {-).0
Adjusted to pH 7.8 before sterilization. D 1o
Formula 7T—Eyre's Oyster Agar (1944).°
Oyster infuSion ..o
7 - ce. 1,028.0
.0

e

Formula 8—A modification of the formula recommended by the W d
Hole Oceanographic Institution.” oo

o220 1175) | L- DRSS R
- 1.0

* Preparation of “glamang” infusion. T “
la_rval stages of Penaeidae) 1,000 ce. of “a;eggosg. :fae:e}; v:;amz:ir(;g’ ipeste
ml‘xture was blended and infused overnight in the refriger:::a i
boﬂe(.l am‘l strained through cheesecloth and then through c;-‘:l’ and then
Tl:e infusion was sterilized at 15 lbs. pressure for 20 mifute er paper
. ,"E“he procet’i,u_re fo.r the preparation of fish infusion is the s:ne as gi
or ‘“‘alamang mft-:-snon. Dalagang bukid (Caesio caerulaureus, L Ségwen
ﬂeﬁsh was used, this being one of the most easily available at 1;}1 atL: i
’I:he procedure was slightly modified by infusing the o te Eh
refrigerator overnight instead of at 37° C. for 30 minute Ysuers 3 e
water was used. e
*The original formula calls for K.HPO,.
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1.0
Glucose ... ....................... gdo 19
IA{HEPO. ...................................................... S o
et S B T s g
Sea Water ... .. ¢c. 1,0

pH not adjusted, about 7.6 after sterization.

Sea water—Whenever sea water was required, filtered,
sterile, “aged’” sea water? was employed. .

Source of specimens plated.—A total of 56 specimens “feie
plated. Fifty of these were obtained fron} the Bureau of Flsh—
eries oyster farm at Binakayan. These 1nc1_uded 34 shellii}s; -
growing water specimens and 16 oyster specimens. “The 0 e,t:
six included one of “aged” sea water, one of pooled alamgngd
(postlarval stages of Penaeidz), three of sea \)'atel' obtalried
at the breakwaters in Manila Bay, anfi one specimen of po? e
intestinal contents of “dalagang bukid” (Caesio caerulaureus
Laﬁ?ej;géimens were obtained and handled aseptically.

METHODS

Five series of experiments comprising a total of 56. trials
were conducted. In each series a given group of .mec‘ha was
examined for the number of bacterial colo_me§ growing in eacl}.

Preparation of specimens.——Ten-fold dilutions of the speci-
mens were prepared with sterile “agedj’ sea water. Ope {ml-
liliter or fractions thereof of the twg hxghe§t ten-fold dllui':lon.s
was plated separately in each medium bem_gl compared 11} a
given trial. Considerations calculated to fac_lhta.te an aceur ate
enumeration of the bacterial colonies growing in fche various
media employed determined the choice of the dilutions _plful:ed.
For instance, in the first few trials with oysters, 0.:‘2.5 zlmlhhter
of a 1:100 dilution and 0.5 milliliter of a 1:1QOO dilution were
plated. Due to difficulties encountered in tak_mg_ the counts in
some of the plates, higher dilutions (0.2§i m111111te_r of 1:1000
and 0.5 milliliter of 1:10,000) were .trled and in the later
trials still higher dilutions (0.25 milliliter of 1 :10,000 and 0.5
milliliter of 1:100,000) were plated. .

Technique for plating (plating tempemt?we of media).—The
technique evolved and employed was deSIgnefl .to reduc:e the
actual temperature of the medium to a minimum without

' Fresh sea water filtered through paper and aged in glass bottl_es in the
dark and at room temperature for at least three weeks before being used.
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causing it to congeal before it was actually poured into the plate
and mixed with the inoculum.

Duplicate tubes of each of the media under experiment
were melted and kept in a 50° C. water bath. The petri dishes
required (two for each media tested) were readied by pipetting
into each the required amount of the appropriate dilution of the
inoculum and each properly labeled. The tubes of media were
taken from the water bath one at a time and cooled to body
temperature by twirling continually in a breaker of cold water.
The tube was further twirled a few seconds in air and the
medium poured into the corresponding petri-dish., Then the
inoculum and the medium were mixed thoroughly. By actual
check, the temperature of the medium at the time of pouring
ranged between 32° C. to 35° C.

Incubation temperature.—All culture plates were incubated
at room temperature ranging from 23.5° C. to 27° C. taken at
about 8:00 A. M. and 27° C. to 30° C. taken at about 3:00 P. M.
during the period of these experiments.

Incubation period.—On the basis of observations made on
preliminary trials, an incubation period of 96 hours for all
inoculated plates was allowed before their corresponding colony
counts were taken. This short period of incubation was adopt-
ed to minimize difficulties in taking accurate counts occasioned
by the presence of spreaders which were frequently encountered
in a good number of the media tried. Molds which become
more troublesome after 96 hours and the rapid growth of some
colonies in certain media which after 96 hours when close to
one another usually coalesced and contributed their share of
difficulty were avoided by this short period of incubation.

Observations made in this connection showed significant in-
creases in the number of colonies up to about a week and that
the plate indicating the highest count after 96 hours incuba-
tion generally gave the highest count after 7 days incubation.,

Method of enumeration.—A direct total count of all the
colonies in a plate was made whenever possible. When the
colonies were close (over 300 to 400), the Quebec colony
counter was used. After computing for the count per cubic
centimeter (or per gram) of the undiluted specimen, the counts
in the two dilutions in which the specimens were invariably
plated, were averaged to obtain the final count per cubic

centimeter (or per gram) of the specimen in each of the
media tested.




202 The Philippine Journal of Fisheries Salafranca: Comparative Capacities of Plating Media 203

To complement the data obtained in the series of trials ‘ TaBLE I.—Bacterial counts in the various media tested.
performed under the subject of this investigation as indicated
in the caption under which this report is being presented, the Media | fesl Series II
effects of the following factors on the bacterial colony counts 1 P 2 N . - = {

were investigated.

1. Diluents.—Distilled water and physiological saline (0.85
per cent NaCl) were tried. “Aged” sea water was used as
control diluent.

9. Plating temperature of medium.—Plating temperatures
of 55°C., 50° C., and 45° C. were tried. The technique de-
seribed above to attain a temperature of 32° C. to 35° C. in the Media
plating medium at the time of pouring was used with the ' 7 s 9 10 1 12 13 14 |
control plates.

Incubation temperatu-re.——lncubation temperatures of 37 Q. |
and 45° C. were tried. The controls were incubated at room \
temperature (vide supra).

In all these complementary experiments, the same procedure
as discussed previously was employed, except where the
particular variation under consideration was concerned. Me-
dium 2216 was used in these trials.

RESULTS AND DISCUSSION

The eight formulas investigated had to be compared in
groups of three or four owing to lack of adequate facilities.
Five series of trials were run comparing a given group of
formulas in each. Formula 1 was included in all the trials
to afford a basis of comparison for all the formulas tested.
The counts obtained in the individual trials are given in Table
1 and are expressed in per cent. A value of 100 per cent has
been assigned to the count in Formula 1 and the proportionate

percentage computed for the counts obtained in the other Series IV
formulas in a given trial. Media -
The results of the first trial illustrate the superiority of 1 | s2 | 8 | sa | 8 | 3 | 87 | 38

media with sea water as menstruum over those with distilled
water as menstruum. Formulas 2, 3, and 4 are identical (vide
supra) except for the menstruum employed and amount of so-
dium chloride in each. This observation conforms with those
of ZoBell (1941, 1946), ZoBell and Feltham (1934), and others.
Besides supporting the growth of very much fewer organisms, 4ol 3;;;‘;?;:';";‘“;“t§‘*:p§§;‘;~m5“ text for method of computation.
spreaders were particularly troublesome in Formula 3, both )

plates being completely overgrown with them making an

accurate count impossible.
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given in Table 3. In general, they conform to the pertinent
observations made by ZoBell (1941, 1942, 1946), ZoBell and
Conn (1940), and ZoBell and Feltham (1935 and 1938).

Distilled water and physiological saline have a definite detri-
mental effect on the bacterial population when used for the
preparation of the tenfold dilutions of the inoculum. Counts
11.89 per cent to 100 per cent lower were obtained when dis-
tilled water and physiological saline dilution blanks were used,
or an average of 81.81 per cent and 60.97 per cent lower,
respectively, than when “aged” sea water was used.

Plating temperatures of 55°C., 50°C., and 45°C. compared
with the control plating temperature of 32° C., to 35° C. have
definite, though less marked adverse, effects on the counts
than distilled water and physiological saline diluents have
compared with the corresponding controls. Counts 12.82 per
cent to 64.70 per cent lower were obtained when plating tem-
peratures of 55°C., 50°C., and 45°C. were employed, or an
average of 30.87 per cent, 36.40 per cent, and 39.04 per cent
lower, respectively, than that of the controls. The comparative
closeness of the temperatures tried and the difficulty of insuring
a uniformity of the factors affecting the rate of cooling of the
medium after it is poured, however, has resulted in counts which
while consistently lower than those obtained in the correspond-
ing controls, show no definite trend in relation to the plating
temperatures. These factors include, among others, the amounts
of plating medium actually poured into the plate, the precise
moment of contact between the irioculum and the plating me-
dium and the rate and duration of rotation of the petri dish.

TaBLE 3.—Effect of various diluents, varying plating temperatures of
medium and varying ineubation temperatures on the total buac-
terial plate counts using 2216 wmedium.

Diluent Plating Incubation
Trial Control» temperature temperature

D.Wx*x | 88* 55° C 1 50°C | 45°C | 87°C | 45°C

DA | .11 500 1,000 4,250 6,750 4,500 2,760 1,500
Bl i e 8,500 0 3,500 6,500 3,000 4,750 5,750 500
e 12,500 2,500 5,500 7,250 6,000 8,250 6,750 3,000
4 . _.....__.______| 85,750 | 12,250 | 49,750 | 74,750 | 72,000 | 54,750 | 79,250 43,250

* D. W. = Distilled water. S. S. = Physiological saline (0.85 per cent NaCl).

% The controls were prepared according to technique described under “Methods” using
“aged” sea water diluent, a plating temperature of 32°-35°C. and room temperature in-
cubation.

h Figures represent total bacterial count per 1 cc of the undiluted material.
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Plates incubated at 37° C., and 45° C. show definitely lower
counts than the controls which were incubated at room tem-
perature. Counts 7.58 per cent to 80.64 per cent lower were
obtained in plates incubated at 37° C. and 45° C., or an average
of 37.61 per cent and 75.07 per cent lower, respectively, than
those of the controls incubated at room temperature.

CONCLUSIONS

From the results obtained and under. the conditions and li-
mitations set forth in this paper, the following conclusions are
drawn: :

Formula 1, 2216 medium of ZoBell, satisfies the cultural re-
quirements of the greatest number of bacteria in the materials
of marine origin examined as evidenced by the counts obtained.
This is, therefore, the most suitable among the 8 plating media
tried for determining the total aerobic bacterial population in
materials of marine origin.

Formula 8, a modification of the media recommended by the
Woods Hole Oceanographic Institution in which KH,POg has
been substituted for K.HPO, which the original formula. re=
quires gave the second -highest count. It is recommended as
second choice.

While the counts in Formula 2 gave a lower average than
those in Formula 5, the former is preferred to the latter due
to the possibility of greater variations in composition and the
presence of precipitates and frequency of spreaders in the
latter. Formula 2, therefore, is recommended as third choice.

“Aged” sea water for preparing dilutions of the inoculum
is definitely superior to either distilled water or physiological
saline (0.85 per cent sodium chloride in distilled water) when
the objective is for maximum plate counts.

A plating temperature of 32°-35° C. of the medium, at-
tainable by a technique described, results in definitely higher
counts than those obtained with plating temperatures of 65° C,,
50° C., and 45° C.

Plates incubated at room temperature gave definitely higher
counts than duplicate plates incubated at 37° C. or 45° C.

Significant increases in colony counts have been observed up
to about 7 days’ incubation at room temperature. Molds and
spreaders, however, become correspondingly more troublesome
with the increase in incubation period. Hence, where a com-
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parative periodic check on the total bacterial count of a given
material is the objective, the shorter incubation periods are to
be preferred.
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