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Abstract 

Plating the heterogeneous bacteria occuring naturally in samples of raw sea water 
with volumes of molten nutrient agar exceeding 10 ml reduces the number of colonies which 
develop. Plate counts on replicate samples of sea water are generally highest and results are 
more nearly reproducible when 10 ml of nutrient agar is used rather than volumes ranging 
randomly from 5 to 30 ml. Although other factors are involved, the adverse effects of 
volumes of nutrient agar appreciable larger than 10 ml are attributed primarily to the 
slower cooling rates during conventional plating procedures. When nutrient agar medium at 
42 °C was poured into pyrex Petri dishes at room temperature (22--240 C), 10 ml of the 
medium cooled to 30 o C in about one minute, whereas from about 5 to 24 minutes were 
required for 20 to 50 ml of the medium to cool from 42 °C down to 300 C. Many marine 
bacteria are injured by being subjected to temperatures higher than 30 ~ C, the extent of the 
injury being a function of time. Therefore, it is of paramount importance that agar be 
cooled to 42 o C prior to pouring. The rate at which agar medium cools in plates is influenced 
by the composition and temperature of the table top on which the plates rest. 

Zusammenfassung 

Bei der Bestimmung der Anzahl Bakterien in frisch genommenen Seewasserproben mit 
dem Plattenguf~verfahren reduziert eine Agarmenge yon fiber 10 ml die AnzahI sich ent- 
wi&elnder Kolonien. Die erhaltenen Zahlen sind im allgemeinen am h6chsten und die Ergeb- 
nisse am besten reproduzierbar, wenn genau 10 ml des N/ihragars benutzt wird im Gegensatz 
zu nnbestimmten Mengen zwischen 5 und 30 ml. Obgleich auch andere Faktoren eine Rotle 
spielen, wird der ungfinstige Einflut~ yon Agarmengen, die merklich gr6t~er als I0 ml sind, 
in erster Linie den langsameren Abkfihlungsraten w~ihrend des fiblichen Plattengul3verfahrens 
zugeschrieben. Wenn N/ihragar yon 42 o C bei Raumtemperatur (22--24 o C) in Pyrex-Petri-  
schalen gegossen wurde, kiihlten 10 ml in ca. 1 rain. auf 300 C a b ,  w~ihrend 5 bis 24 min. 
gebraucht wurden, um Agarmengen yon 20 bis 50 ml yon 42 ° C auf 30 o C abzukiihlen. Viete 
marine Bakterien werden gesch/idigt, wenn sic Temperaturen ausgesetzt werden, die fiber 
30 o C liegen, wobei das Ausmag der Sch~digung yon der Einwirkungszeit abh/ingt. Deswegen 
ist es fiberaus wichtig, dag der Agar vor dem Giegen auf 420 C gekfihlt wird. Die Abkfih- 
lungsrate des Agarmediums in den Platten wird yon der Beschaffenheit und der Temperatur 
der Tischoberfl/iche, auf der die Platten stehen, beeinflugt. 

':') Contribution from the Scripps Institution of Oceanography, University of California, 
La Jolla, California. 

':":) Biologische Anstalt Helgoland, Helgoland, Germany. 
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Introduction 

Although pour plate methods generally detect far fewer bacteria in sea 
water or sediment samples than the direct microscopic observations of cells 
(COLLINS and KIPLING, 1957; JANNASCH, 1958; JANNASCH and JONES, 1959; 
KRISS, 1959), pour plates yield useful information concerning bacterial popu- 
lations occurring in marine environments. The colonies which develop on pour 
plates may provide viable cells or pure cultures for further study. In attempts 
to increase the total numbers and kinds of bacteria forming colonies, consider- 
able effort has been devoted to improving pour plate media and methods. 

The volume of nutrient agar used per plate by various workers is not 
uniform and, in most instances, is not even specified. "Standard Methods of 
the American Public Health Association" (1960) stipulates that not less than 
10 ml of liquefied agar medium at temperatures ranging from 430 to 450 C 
shall be added per Petri dish. The "Manual of Methods of the Society of 
American Bacteriologists" (DE Moss and BARI), 1957) recommends the use of 
from 10 to 15 ml of agar medium per 100-ram Petri dish. Volumes of nutrient 
agar varying from as little as 5 ml to as much as 35 ml have been used in- 
discriminately by many investigators, probably because the importance of a 
definite volume has not been stressed. 

The following study was made to determine the effect of volume and 
temperature of nutrient agar medium on the develoEment of bacterial colonies 
in the pour plate method for bacteria from the marine environment. 

Materials and Methods 
Samples 

Sea water samples were collected with a J -Z sampler (ZoBELL, 194t) at 
a depth of three meters from the end of the Scripps Institution pier (approxi- 
mately 300 meters offshore). This area is subject to neither pollution nor dilu- 
tion. During the sampling period the water temperature ranged from 13.4 o to 
17.5 ° C. Shortly a:l~ter collection the water samples were plated with different 
volumes of nutrient agar. For comparison with colony formation by the mixed 
flora in these samples of raw sea water, properly diluted suspensions of a 
laboratory culture of a marine bacterium, Serratia marinorubra (ZoBELL and 
UPHAM, 1944) were used. This culture has been maintained in the laboratory 
since its isolation from the sea nearly 20 years ago. 

Medium 
The nutrient agar medium consisted of 5 g casein hydrolysate (NBC), 

0.05 g K~HPO~, 0.01 g FePO4, 15 g agar (Difco), 250 mt distilled water, and 
750 mt aged sea water (salinity ca. 34 g/L). Following autoclave sterilization 
for 15 minutes at 1210 C, the pH of the medium was 7.4--7.6. Volumes were 
dispersed in screw-cap test tubes as follows: 5, 10, 15, 20, 30, 40 and 50 ml. 

Culture Methods 
Each dish was inoculated with 1.0 ml of raw sea water or with a properly 

diluted suspension of S. marinorubra. The latter was grown in nutrient sea 
water broth at 260 C for 48 hours. At least two different dilutions of each 
sample of sea water or pure culture of ,suspension were plated; ten replicates 
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for each dilution for each different volume of medium were employed. The 
medium, cooled to 42 o C in a water  bath, was poured into the inoculated dishes 
at room temperature (22--240 C). The dishes inoculated with mixed marine 
microflora were incubated for 7 days at 180 C. The colonies were countecl with 
a Quebec colony counter. 

Temperature Measurement 
In order to determine the rates at which different volumes of agar me- 

dium cooled from 420 C to room temperature after being poured into culture 
dishes, some of the latter were equipped with a calibrated thermistor (Western 
Electric 14-B bead-type) connected to a Varians strip recorder. This provided 
for the continuous measurement of temperature of the poured agar  with an 
accuracy of 0.1 ° C. 

Results 

In one series of experiments (Table 1), from two to three times as many  
bacteria in samples of raw sea water  formed colonies in Petri dishes poured 
with 10 ml of agar  medium as in dishes poured with 20 to 50 ml of the me- 
dium. In another series of experiments (Table 2), only 17.6 per cent as many  
colonies developed from raw sea water  in dishes poured with 50 ml of agar 
medium as in dishes poured with 10 ml of medium. During the first few days 
of incubation at 180 C almost as many  colonies appeared in dishes poured with 
5 ml of agar medium as with 10 ml. The most near ly  reproducible results were 
obtained when 10 ml of agar medium was used. 

Different volumes of the medium produced colonies of different kinds and 
characteristics. Generally,  more pigmented colonies developed from raw sea 
water inocula in plates poured with 10 ml of agar medium than in dishes 

Table l 

Number of colonies counted per plate after 7 days' incubation at 18 ° C when 1.0 ml 
of raw sea water (sample G19/59) was used to inoculate different volumes of agar medium 
poured at 420 C. Also given ist the average growth index 's) and the time in minutes required 

for the poured medium to cool from 420 C down to 300 C 

Replicate Volume of agar medium in ml 
No. 10 20 80 40 50 

1 102 31 24 79 32 
2 94 46 43 63 65 
3 134 46 42 33 51 
4 137 97 39 43 29 
5 108 78 64 84 69 
6 96 62 29 67 38 
7 85 31 42 42 33 
8 135 58 33 50 41 
9 122 38 41 30 30 

10 115 92 26 29 42 
Average number 112.8 56.9 38.3 52.0 43.0 
Growth index 100.0 50.4 33.9 46.1 38.1 
Cooling time 0.8 4.9 11.2 16.8 28.8 

;~') The growth index is the per cent of the average number of colonies appearing in 
plates poured with 10 ml of agar medium. 
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'Fable 2 

Number  of bacterial colonies counted per plate ailer 7 days' incubation at 180 C when 
1.0 ml of raw sea water (sample G2/60) was used to inoculate different volumes of agar 
medium poured at 42 o C. Also given is the time in minutes required for the medium to cool 

in Petr i  dishes from 420 C down to 300 C 

Replicate Volume of agar medium in ml 
No. 5 10 20 30 50 

1 333 234 160 142 19 
2 277 335 209 169 52 
3 303 346 121 244, 65 
4 363 423 355 123 30 
5 361 376 128 146 23 
6 339 348 355 328 111 
7 247 358 226 - -  100 
8 248 408 - -  - -  82 
9 260 305 237 252 75 

10 325 385 219 395 - -  
Average number  305.6 351.8 223.3 224.7 61.9 
Growth index 86.9 100.0 63,6 63.9 17.6 
Cooling time 0.3 0.8 4,9 11.2 28.8 

poured with larger volumes of medium. Spreading colonies were more prone 
to appear in plates poured with the larger volumes of medium, probably due 
to the presence of more water of condensation. The smaller the volume of 
medium, the higher was the proportion of surface colonies that .developed from 
raw sea water inocula; surface colonies were larger on the average than those 
that developed deeply embedded in the medium. 

The most pronounced effect on plate counts of different volumes of agar 
medium appears to be related to temperature and the time required for diffe- 
rent volumes of medium to cool when poured into plates under laboratory con- 
ditions. With the larger volumes of agar medium which cool more slowly, 
thermosensitive bacteria in raw sea water inocula are subjected to adverse 
temperatures for longer periods of time. Fig. 1 shows the cooling rates of 
different volumes of the medium poured at 420 C into 100-mm Petri dishes at 
room temperature (230 C). One ml of sea water at 18 o C was introduced into 
the dish immediately prior to pouring the medium to simulate the effect of 
such an inoculum on temperature conditions. Whereas 10 ml of medium cooled 
to 300 C in less than two minutes, 20 ml and larger volumes remained above 
300 C for approximately 5 to 25 minutes, and above 250 C for half an hour or 
longer. As pointed out by ZoBELI. and CONN (1940), many marine bacteria 
are injured by brief exposure to temperatures no higher than 300 C. ZoBELL 
(1959) found that from 18.7 to 78.1 per cent of the bacteria in certain samples 
of raw sea water were killed by being held for 10 minutes at temperatures of 
309 und 400 C respectively. Differences occur in the temperature sensitivity of 
bacteria from different depths and latitudes. There may also be seasonal 
differences. 

Larger volumes of agar medium are less harmful for plating bacteria 
which tolerate temperatures within the plating range, that is 300 to 42 o C. This 
is illustrated by data in Table 3 showing plate count results obtained with a 
laboratory culture of S. marinorubra. It grows best at 260 C and is not injured 
by holding at 350 C for 10 minutes. 
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Figure 1. Temperature of nutr ient  agar  after different periods of time when from 5 to 50 mI at  
42 ~ C was poured into 100-mm pyrex Petri dishes at  230 C 

Table  3 

Effect of volume of agar  medium, poured at 420 C, on number of colonies of Serratia 
~narinorubra whi& deve[oped from a dilute inecu[um after 3 days'  incubation at 266 C. 

Replicate VoIume of agar  medium in rnl 
No. l0  I5 20 39 50 

1 53 8t 04 71 33 
2 82 80 80 59 69 
3 72 72 89 3O 58 
4 64 68 68 86 68 
5 73 76 62 79 22 
6 70 78 50 73 55 
7 73 55 91 70 63 
8 87 61 64 63 65 
9 49 68 71 79 10 

10 66 79 51 63 74 
Average number  69.7 71,8 67.0 72,3 55.7 
Growth index 100.0 1,03,0 96.1 103,7 79.9 
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The rate at which agar medium cools is influenced by the heat-retaining 
properties of the culture dish and work bench. Data summarized in Fig. 2 show 
that agar medium cools more rapidly in glass Petri dishes resting on a stain- 
less steel table top than on wood, polyvinyl plastic, or styrofoam. Regardless 
of the volume of agar medium poured at 420 C, its temperature dropped more 
rapidly in pyrex Petri dishes than in plastic ones (Fig. 3). 
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Figure 2. Temperature of nutr ient  agar after different periods of time when 10 ml was 
poured at 420 C into I00-mm pyrex Petri  dishes resting on surface of different composition 

at 25 ~ C 

Also determined was the cooling rate of agar medium in Petroff and per- 
scription bottles, which are often used for plating sea water and bottom sedi- 
ment samp|es in the field (ZoBEH~, 1946). An exact volume of agar medium 
was measured into 6-oz perscription bottles which were then autoclaved and 
cooled to 42 o C in a water bath. 

After a thermistor was introduced to measure the temperature change. 
each bottle was inoculated with 1.0 ml of sea water at 18 o C and placed on 
its side to cool on a vinyl plastic table top. Some of the bottles were immersed 
to the neck in an ice-water bath for 1 to 25 seconds. When kept at room tem- 
perature without such immersion, 10 ml of agar medium required nearly l0 
minutes to cool from 42 o to 30 o C (Fig. 4). Larger volumes of agar medium 
cooled even more slowly in bottles. Immersing the bottles in ice water increa- 
sed the cooling rate substantially. Similar results were obtained with Petroff 
bottles. When bottles are used to plate thermosensitive bacteria, a 10-second 
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immersion in ice water is recommended. This provides for cooling 10 ml of 
agar medium to below 280 C in about one minute and results in the develop- 
ment of significantly more colonies, If immersed in ice water for much longer 
than 10 seconds, agar medium commences to solidify in the bottom of the 
bottles. 
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Figure 3, Temperature of nutrient agar after different periods of time when either 10 or 
20 ml was poured at 42 °C into pyrex glass (G) Petri dishes, or into plastic (P) ones 

Discussion 

The foregoing results show the importance of employing uniform and 
relatively small (10 ml) volumes of agar medium for plate counts, particularly 
when working with thermosensitive bacteria. Many marine bacteria are in- 
jured by brief exposure to temperatures between 300 and 42 o C, the latter 
being the temperature at which agar medium begins to solidify. The injurious 
effects of temperature are proportional to time of exposure; large volumes of 
agar medium poured in plates or bottles cool more slowly than small volumes, 
Nutrient gelatin, which can be plated at 250 C, might be better than agar 
medium, plated at 420 C, were it not for the fact that gelatin is rapidly lique- 
fied by many marine species. 

Larger volumes of agar medium in plates result in thicker layers and, 
consequently, proportionately more bacteria in inocula are deeply embedded 
in the medium. Most deeply embedded bacteria develop into colonies more 
slowly than those seeded on or near the surface of solid medium. Tiny buried 
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Figure 4. Temperature  after different periods of time of l0 m[ nutr ient  agar  poured at 42 o C 
into 6-oz perseription bottles which were immersed in ice water  for 1 to 25 seconds and then 
placed on side on a polyvinyl table top at  230 C, The one marked ~O" is the control which 

was not immersed in ice water  

colonies may escape detection by conventional counting procedures. CARLUCCI 
and PaAMER (1957) also noted that surface colonies of marine bacteria are 
larger und more uniform in size than those embedded in nutrient agar. How- 
ever, they found fewer bacterial colonies on surface-inoculated presoliditied 
agar medium than in plates prepared in the conventional way. They attribu- 
ted this difference to the growth of microaerophilic arid anaerobic bacteria 
below the surface of 15 ml of nutrient agar in pour plates. Using methylene 
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blue and  other redox potent ia l  indicators,  we detected no evidence  of Eh stra-  
tification in 15 ml  of uninoculated aga r  m e d i u m  in 100-mm Petr i  dishes. W h e n  
plates  were inoculated with r aw  sea wa te r  to give a few hundred  bacter ia l  
colonies per  plate,  reducing conditions were  p roduced  in the deeper  layers  of  
aga r  medium,  p resumably  due to the uti l ization of oxygen  by aerobes. 

Exper iments  are  in progress  at He lgo l and  to repeat  and  extend these 
observations.  
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