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PRELIMINARY STUDY OF TOTAL BACTERIAL PLA E COU T 

METHOD FOR FISHERY PRODUCTS 

By R. AJul Elliott -;:-

INTRODUCTION 

The total oacterial plate count!/ is a valuab e test "n 
spoilabe of fishery products. This test is an index 0 toe egr 0'- conta: 
to wnich tne fish have been subjected, and when Vsea in conj nc 
freshness tests is an index of keeping quality"~1 Counts are 
in determining the sources of contamination in a processing ~'n or 
::anning , salting, etc . 

An extensj ve study of the plate count for ishery pro ucts as n v r 
published. Numerous investigators have described the methods they us d, bu 
most cases, their use of a given method was based on limited work. 0 
borrowed methods meant for use on other food products suc as milk, ltea 

The work reported here is a study of methods reccmmended ror or 
products by other bacteriologists in the past. There were sev ral v ri 
volved in the plate count method, only one of which could be s died a 
Thus, sampling, shaking, choice of diluent, pH 0 the medi m, choice or 
incubation temperature, and incubation time all had to be st died 
yet were all interrelated. Since the choice of a giv~n proced re 
the treatment which gave the maximum plate count from a giv.n 
in tile procedure which killed off or inhibited a por io 0 he 
the results of the study on another step in the procedure. 
portions of the work had to be repeated. A li erature surve 
fishery products was ~ade in order to avoid such pit alls. 
survey has been published (Elliott, 1946). 

EXPERIMENTAL 

Mechanics of Sample Preparation 

Preliminary tests showed that blending a is sample 
blender gave more reproducible colony counts than grind'ng and sha 
tests showed that there was no significant aif ere nee bet en t 
of variation of replicate plates when fres and 5 oile sam 1 s 
This implied that changes in nora vi ich undoubt dly occ rr 
re producibility . 
* Fishery Education Specialist, Fishery Technologicol Labor tery. Branch 

Fisheries, Seattle, Washington. 
Y The object of the plate count is to determine the total n 

sample. 'nle bacteria., so SIlIall that tbey are invi i bl 0 t.~ naked 
a nutrien t "medium" in wnich all conditions are s· i tab e for 
and in ...hich they cannot move reatil)r fro .la 0 plate . 
indi vidual bacteria. so su ended ret>!" uce to 5 ch an ex n 
be seen form in the edium.. Kn n- the n ber i 
the fish ma~rial, it is then an easy to 
were present in ~e original f1 sh ~rial. 

]) See riffi ths and. Stansby (19 ), Fi zl.':eml e; ( 93 
Castell (1 a.tF) . 

>. 
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It was found that most fishery products could be blended adequa tely only 
upon the addition of an equul amount of diluent in the blending jar. When less 
diluent was added to fish, "tunnelling" occurred in the mixing proc~ss. While 
watery flesh did not require as much diluent, an equal amount of diluent was add
ed in such cases in order to standardize the treatment of samples. 

While the material was being blended,a distinct rise in temperature occurred. 
This should be aVOided, since marine bacteria are quite sensitive to heat. Zobell 
and Conn (1940) found that when marine muds were held for 10 minutes at 300 C. 
(860 F.), 25 percent of the bac~eria were killed . In the present case, when 150 
grams of fish sample and I50 cc. of diluent were blended for two minutes in the 
Waring jar 1?244,the temperature rose from 220 C. (72° F.) to 300 C. (860 F.). When 
both fish sample and diluent were chilled to 30 C. (37 0 F.) in a refrieerator, the 
blending caused the temperature to rise as follows: 

BLENDING DEVICE 

Thus when the material is chilled adequate
ly, the rise in temperature should offer no 
difficulty. A three-minute blend of the 
chilled diluent and sample was adopted in 
the subsequent studies. 

It was found impossible to pipet the 
1 to 1 blended sample because it was too thick. 
Increase in the proport ion of diluent re
sulted in a mixture easy to draw into the 
pipet, but with this increased amount of 
diluent, blending caused· the whole mass to 
become a foam containing about 20 percent 
air. Twenty grams of the blended 1 to 1 
dilution were therefore weighed into dilu
tion bottles containing 80 cc. of the dil
uent. This gave a 1 to 10 dilution. Sub
sequent dllutions were made by pipetting 
10 cc. of suspension to 90 cc. of diluent. 

Shaking Time and Settling Time 

A shaker with a 4 inch stroke, 150 
strokes per minute, was used in the exper
iments. Examination of reproducibility of 
replicate pipettings revealed that a 2 to 
4 minute shaking period was satisfactory. 
Settling of the material was not a serious 
difficulty even though the dilutions were 
not plated immediately, because the super
natant liquid gave the same count as the 
homogenous mixture. Only after an hour' s 

se tUne was any inconsistency noted; and even then the material .could be mixed 
slfficiently by shaking it a few seconds by hand. 
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Diluent 

When a diluent is used to dilute a suspension of wBterial so that t~e con
centration of bacteria is in the right range for platine, it is 3lways assumed 
that the bacteria remain dormant during this tiwe, 3nd that the diluent doeR not 
kill any of the organisms in the sample. Since it was thought th3.t this mieht 
not always be the case,a study was IlE.de of the toxicity of v3rious diluents. Those 
examined were: 

1. Glass-distilled water (from Seattle tap water) 

2. Phosphate dilution wa.te~/(Stand.a.rd methods for the examination of 
water and sewage. 1943)~ 

3. Distilled water from the Seattle laboratory still (Fisher catalog 
number 9-055) 

4. Physiological salt solution in glass-distilled water (0.85~ NaCl) 
(Griffiths and Stansby. 1934) 

5. Sea water (Chlorinity 17.07) (Zobell. 1941) 

6. Tap we. ter (Standard me thods f or the exam ina ti on of we. ter and sewage. 
1943) 

Since the flora in fishery products is determined somewhat by the nature of 
the product (Elliott, 1946), 
three types of fishery products' 
were used in the evaluation of 
the diluents. Samples of Pacif
ic oysters (Ostera gigas),meat 
of the Dungeness crab (Cancer 
register) and Pacific rockfish 

Sebastodes ~.) were stored at 
10 C. (340 F.) in a refrigera- .. 
tor for 8 days. This treatment 
w~s used to make certain that 
the flora present was that re
sponsible for spoilage of the 
product, because at 8 days, 
spoilage was incipient. Each 
sample was blended, and repli
cate samples were weighed into 
the respective autoclaved,cooled 
diluents under study. These 
suspensions were shaken, and 
further dilutions were made with the diluents under tests, and then were plated 
in Difco nutrient agar made up with sea water. After a fixed holding period at 
room temperature, these suspensions were again plated. Colony counts were made 
after the plates had been incubated for 5 days at 25 0 C. (770 F.). 

2J '!.he formula for phosphate dilution water is as follows: Dissolve 34 gr8J:IS of KH:f04 in 
about 500 ml. of (glass-) distilled water. Add 1 N. NaOO until a pH of 7.2 is reached. 
Dilute to 1 liter. Add 1.25 ml. of this stock buffer solution to each li tar of aerated. 
(glass-) di stilled water. 
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fiG. 1 - EffECT Of VAR I OUS 0 I LUENTS ON BACTER I A L PLATE COUNTS ON SPOILI NO OUNGENESS CRA8 HEAT 
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The experiment on the effect of the diluent was performed twice. Results 
are shown in Figures 1,2, and 3. With crab meat (Figure 1) ,sea water as a diluent' 
gave the highest counts, and therefore was least toxic of any of the diluents. 
In fact, not only was it not toxic, but there was apparently growth of a signifi
cant amount during the 2 to 3 hour interval between the irst and second plating. 
This growth indicated that platings should be as rapid as possible and that the 
diluent should be chilled to slow the growth of the bacteria. Other diluents for 
crab meat showed varying degrees of toxicity. Physiological salt solution showed 
toxicity, the counts being low at the first plating, and still lower at the second 
plating. The other diluents tested were distinctly toxic, for in each instance, 
the bacterial numbers dropped to only 10 percent or 20 percent of the numbers 
obtained when sea water was used as a diluent. Results on the second experiment 
were identical with those on the first. 

When rockfish flesh was used as the sample (Figure 2), sea water was the 
choice of diluent,even though physiological salt solution gave equally high counts; 
for in the second experiment, counts showed a more distinct drop upon prolonged 
contact with physiological salt solution, while no drop occurred when the sample 
was in contact with sea water. The other diluents were grouped below these in 
both experiments. However, in the second experiment, (Seattle) tap wat'er and dis
tilled water from the laboratory still showed more distinct 'toxicity than was 
noted in the first experiment. 

When oysters were used as the sample (see Figure 3), physiological salt sol
ution and sea water were apparently of equal value, while glass distilled water 
was a close third. In the repeat experiment on oysters, however, phosphate dilu
tion water was distinctly superior to the other diluents, and sea water and glass 
distilled water were next in value. This inconsistency between the two experi
ments makes a choice of diluent for oysters impossible without f~rther work. 
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FIG. 2 - EFFECT OF VARIOUS DILUENTS ON BACTERIAL PLATE COUNTS ON SPOILING PAC I F IC ROCKF ISH FLESH 

.... z 
5 
oJ 

.... 
Ul 
w 

100 

8 

:I: 6 
Cl 

:I: 

... 
o 
.... 
z 
w 
oJ 

'" W 
0.. 40 

2 

--:.:-0 
- -D __ -,,-- - ---1 

'. 2 , 
\ 

FIRST EXPERIMENT 
0--_ , 4 

-- - -"'-----Y 
\ ---0 0-_ , -- - - -- SECOND EXPERIMENT 

\ _ _ \ ,1 

- -,-~ 
1, PHYS IOLOGICA L SALT SOLUTION 

;- 2, SEA IIATER 

3, GLASS DIST I LLEO IIATER 

4, PHOSPHATE DILUT ION IIATER 

5, TAP IIATER 

6. DISTILLED IIATER 

6 

0--_ 

2 3 4 5 6 

HOURS IN CONTACT IIITH OILUENT 

15 

7 

Because sea water Vias at or near the top in all but the one experiment on 
oysters, -it was used as diluent in all subsequent tests. 

pH of the Medium 

Zobell (1941) suggested that a medium of pH 7.5t07.8 gave optimum conditions 
for marine bacteria. An experiment vms undertaken to determine what effect the pH 
of the medium might have on the counts on fish products. A series of- 10 batches 
of Zobell's medium number 2216 (Zobell, 1941) was ~de up, each at a different pH. 
The pH range of the media after sterilization was from pH 8.0 to 8.51 • Suspensions 
of oysters, crab meat, and rockfish that had been held at 10 C. for 8 days were 
plated in each medium. In addition, direct microscopic counts were made on he 
fish suspension by the method described by Tarr (1943). 

Results are shown in Figure 4. It is evident that media with pH val es 0 
7.0 or lower were=l.uite satisfactory. Ho ',ever, counts tended to drcp mar eQ~y 
in alkaline media. The abruptness of this drop depended on he fishery IJro uct 
plated. When rockfish flesh was used, counts began to decre~se at ne ral' y. 
but with oysters and crab meat, the drop occurred only when pP 8.0 -as "eached. 
It was tentatively concluded that for plate counts on fishery prod..tcts, U',e pH 0 

the medium should be neutral or slightly acid. 
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FIG. 3 - EFFECT OF VARIOUS 01 LUENTS ON BACTERIAL PLATE COUNTS ON SPOILING PACIFIC OYSTERS 
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Medium 

The work on the medium was essentially an evaluation of the media suggested 
,by other workers. Preliminary work in which Zobell's 2216 medi~~ (1941) was com
pared with ncltrient agar showed that the former medium was distinctly superior. 
Results are shown in Table I. Zobell's medi~~ gave counts ranging from 1.03 times 
to 35 times as high as those obtained with the nutrient agar. 

It was noted in the data of Table 1 that Zobell's medium gave a cbunt 2.25 
times greater than that on nutrient agar when a fresh sole fillet was plated p 

and only 1.26 times greater when a spoiled sole fillet was plated. Fresh cl&TIS 
and salmon gills gave even greater differentials. An experiment·on the spoilage 
of sole was conducted in order to determine whether or not this inconsistency' 
meant that Zobell's m3dium allowed a Nide variety or marine forms to grow, but 
that the true spoilage bacteria grew nearly as readily on orjinary nutrient agar. 
It is evident on examination of the data in Table 2 that such waS not the case, 
for Zobell's medium gave somewhat lower counts on the fresh sample, but consider
ably higher counts in all other cases. The low count on the fresh sample with 

• 

7 
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Zobell's medium in the data of Table 2 was probably an artifact. Zobell's medium 
2216 is undoubtedly superior to nutrient agar for plate counts on fish products. 

In a second experiment, the media listed in Table ., were tested simultaneously 
with suspensions of oyster meat, crab meat, and rockfish flesh which had been held 
at 10 C. for 1 week. Results are shown in Table 4. There was some inc9nsistency 
but results were,in general,fairly un~form. Nutrient agar with 1.5 percent NaCl 
and nutrient agar prepared with aged.~/ sea water were considered of el:{ually high 
value for rockfish and crab meat. Zobell's ~ediu~ 2216 was next in value for 
these products, and probably quite satisfactory for most needs. Other media were 
grouped below these in value. Reuszer's (1933) peptone-glucose-phosphate mediw 
was of distinctly inferior quality since it gave the lowest counts,andt~e col
onies were small and difficult to count. 

M Aging fil tered sea water for 2 months in the dark reduces its organic content 
minimum, and thus gives sea water from widely different sources approximately 
composition. . Such a treatment was necessary in a study such as this, so that 
would be of reasonably constant composition. (See Zobell, 1941). 

to a 
the same 
the ed! 
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Table 1 _ Comparison of Difco Nutrient Agar and Zobell's (1941 ) Medium 2216 for Plate Counts 
on Various Fish Products . 

Medium Colony C 0 un t . Fresh live Gill s from fresh 
Fresh Pacific 

[Fresh Dunge- Fresh sole Spoiled sole 
li ttle neck pink salmon ness crab 

clams (river caught) oysters meat fillet fillet 

Bacterial ~. Bacterial gm. Bacterial ;1;m. lBac tar i al grn. Bacterial gm. BacteriaTgm. 
Difco 

mltrient 
agar 4,2Xl 905,000 83,500 1,32:>,000 338,000 740,000,000 

#2216 
(Zobell, 
1941) 147,000 4,l~,ooo 134,500 1,360,000 760,OCIJ 930,000,000 

Ratio of 
count on 
#2216 to 
count on 
nutrient 35 _ 4.7 1.6 1.03 2.25 1.26 

With oysters, results were slightly different. However, nutrient agar with 
1.5 percent NaCl was a good medium. An implication that "fresh water" bacteria 
might have been present was found in the fact that fish extract agar (mostly fresh 
water) and Difco nutrient agar (fresh water) were also good media. Nutrient agar 
in aged sea water and tryptone glucos e extract agar Were next in value, while 
other media were grouped below these . Reuszer' s medium was again s ho iffi to be the 
least satisfactory. 

Table 2 - Comparison rL Difco Nutrient Agar and Zobell's (1941) Medium #2216 for Plate Counts 
on Sole in Varioos Stages of Sooile.p;e 

Odor raw flesbl/ 
Storage time Col ()nv r.Olln+. 

Ratio of count on 
2216 to count on in ice Nutrient agar Zobell 's 221b 

nu tri en t ,H'"." 

Fresh (rigor) (fillet 1) ••• 
~ Bacterial R'!D. Bacteria.l gm. 

0 12,000 9,900 0.83 
Fla.t (fillet 2) •....•.. ~ •• 7 15,400 18,600 1.2 
Slightly stale ~fi11et 3 •• 7 72,000 108,000 1.5 
Slightly stale fillet 4 •• 11 1,510 ,000 2,O~,OOO 1.36 
Stale (fillet 5) ....... ••• 11 l,~60,OCIJ 4,OCIJ , 000 2.56 
Putrid ~fillet 6~ .......•• 17 3, 30,000 4,100,000 1.06 
Putrid fillet 7 ......... 17 6.600 000 10~400.ooo 1.q) 
y Average Opinion of 3 ~ 5 peOple. 

One of the most import.ant dec isions which must be made in making a plate 
count is the proper medilli~ to use. From the first experiment in which Zobell's 
medium was compared with nutrient agar, it would seem that the former was the 
obvious choice. However. when in the second experiment these media were compared 
with several others, Zobell 's medium was not the best. Nutrient agar with 1.5 
percent NaCl was consistently good for oysters. crab, and fish muscle. However , 
nutrient agar made up with sea water waS in some cases even better, and in all 
other cases nearly as good. Nutrient agar made up with aged sea water was chosen 
for the tentative method on the basis of these results. This medium differs from 
Zobell's medium 2216 only in the substitution of beef extract for ferric phosphate 
and in the reduction of the pH of the medium to below 7.0 • . It is probable that 
Zobell's medium might be equally as good if its pH were reduced to a vallle below 
neutrality (see Figure 4 in which the effect of reduction of its DB is shown.) 
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-.---- Table 3 - Media Tested l!'l Parallel to 'Evaluate Accepta"bili ty for Plate Count -
No. References Formula No. 

6- _" __ 1!ef~x:ences Formula 
1 Gibbons (1934) Difco nutrient agar Reed and Snence Same as 5 but substitute 

pl us 1.5ic NaCl (1923)( modified) sea water for tap water 

2 Newton ~1924~ Difco nutrient agar 7 Ki ser (1944) Bacto pep tone 0.5% 
Zobell 1941 made up wi th sea Yeast extract 0.21-

water aged in Ferric phosohate o.olic 
glass in the dark Bromthymol blue 0.oo15~ 
2 months or more Sea water (aged) 

3 Tarr and Bailey Dirco Bacto S Zobell (1941) Proteose peptone 0 .21-
(1939)and others nutrient agar Peptone 0 .3% 

Beef extract 0.3~ Beef extract O. zt; 
Peptone 0.5% Agar 1. 5% 
Agar 1.5% Sea water (aged) 
Glass dist.water 

4 Zobell (1941) *2216 9 Reuszer (1933) Peptone 0.1% 
Peptone 0.5% Glucose o.lic 
Ferric Phosphate KjlP04 O.IJO~ 

0.01% Agar 1.5% 
Agar 1.5% Sea water (aged) 
Sea water aged in 

Bedford (1933) glass in the dark 10 Gelatin 1.0"10 
2 months or more Peptone 1.0% 

Glucose l.~ 
5 Reed and Spence Rockfish muscle NaCl 2.% 

(1923) 500 gm. K:P°4 O.I)~ 
Peptone 10 gm. Agar 1.5% 
Agar 15 gm. Tap water 
Sea water 100 cc. 
Tap water 900 cc. 11 Gibbe.rd,et.al. Beef extract 0.3% 
Infuse fish in water (1947 - - Tryptone 0.5% 

12 to 15 hours. Glucose 0.1"1., 
Boil 10 minutes. NaCl 1.0% 
Fil ter. Add other Agar 1.5% 

ingredients. Gl ass di st. water 

Table 4 - Evaluatior, of Media Described in Table 3. Media Were Tested in Parallel and Are 
Listed in Order of Decreasing Count . 

OYster Mea t C r .. b MeA. t ...R~~k.£--.i ...S-h ~-.l f2 s h 
Medium Average of Range 

Medium Average of 
Range 

Medium Average of 
Range No. 4 plates No. 4 plates No. 4....E.1ates 

Bact.! gm. Bact.! gm. Bact.JJ!lD.. Bact.km• Bact.l1!;m. Bact.! gm. 
1 l 5e 139-170 1 ll~ 92-148 2 2J4 lS5- 211 
5 130 121.-141 2 lOS 99-130 1 197 183-Zl 
3 ll5 78-171 4 42 28-55 ~ 183 178-190 
2 92 7()..109 3 40 33-46 173 138-2J8 

11 82 69-100 1 40 21-55 7 159 143-177 
8 73 54-96 40 23-56 11 155 140-167 
6 67 53-92 ~ 38 31-46 3 145 140-150 
4 62 55-71 38 30-49 10 142 136-149 
7 56 49-72 11 35 30-42 6 138 125-151 

10 47 39-50 10 33 24-41 5 131 ll3-145 
9 22 17-~ 9 16 14-18 9 111 102-11..2 

Incubation Temperature 
Various workers2! have shown that in the majority of instances, the tempera

ture of optimum growth for fish spoilage and other marine bacteria lies between 
5/ See Bedford (1933) , Fellers (1926), Gibb ons (1934) . Hess (1934). Kiser (19~~), Shewan 

(1942) Shewan (1945), Tarr (1941), Zobell (1941), Zobel1 and Conn (1940), and Zobel1 and 
Upham ~ 1944) • 
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20° C. (68° F.) and 25° C. (77° F.). Regardless of what fishery product has been 
examined, !!£ ~ has ~ found ~ bacterium which produces its most rapid rate of 
growth 51 ~ temperature lower than 20° C. Also, only a small proportion of such 
bacteri a will grow at temperatures above 300 C. (860 F.). Shewan (1945)stated that 
in the slime and gills of fresh fish, only 0.5 percent of the bacteria growing at 
20 0 C. would grow at 37° C.,and that if this percentage increased,such increase 
indicated that contamination from human sources was high. In fact, Zobell and 
Conn (1940) found the sensitivity of marine bacteria to high temperatures to be 
such that plating with the medium at 450 C., which is the accepted temperature at 
which plates are generally poured, gave only 81 percent to 83 percent as many 
bacteria as plating at 30° C. 

An investigation at this laboratory op the incubation temperature for total 
bacterial qounts in fish products indicates (Table 5) that when spoiling sole is 
examined, plates incubated at 250 Co give much higher counts than those incubated 
at 370 C. 

Table 5 - Comparison of 250 C. and 37 0 C. as Incuba.tion Temperature for Plate Counts on 
Snoiling Sole 

Sample Time fish Colony C 0 u n t 
number were held Plates inCU?ated _\ days Plates1ncu~ated. 2~s 

in ice at 2')0 C. 'TIo F !i\3i 32 0 Q. (99 0 I.) 
~ Bacteria/gm. Bacteria/gm. 

A 10 585,000 3,000 
15 7,150,000 2,440 

B 5 305,000 34,800 
10 5,700,000 3,000 
12 3~350~OOO 1 600 

In another study, a test was made to determine whether or not temperature of 
storage during the spoilage period causes a variation in flora which would change 
the proportion growing at 370 C. as opposed to 250 C. Homogenous samples of rockfish 
were held at 30 C. and 250 C. Platings were made at intervals during the spoilage 
period,and replicate plates were incubated at 250 C. and 37° C. Table 6 gives the 
results of this study. For fish that spoiled at 3° C., plates held 18 days at 
3° Co or 5 days at 25° C. gave equally high counts. On the other hand,37° C. was a 
totally unsatisfactory incubation temperature, because in some instances counts 
actually fell as spoilage progressed. For fish that spoiled at 250 C., incubation 
of plates at 25° C. gave the highest count, as would be expected. Plates incubated 
at 3° C. gave somewhat lower counts, and those incubated at 37° C. also gave low 
counts, but, as would be expected, not nearly as low as with fish spoiling at 30 Co 

In a third study, resul ts exactly parallel to those described above were obtain
ed. In this experiment, however, a sample of rockfish flesh was allowed to spoil 
at 370 C. as well as at the lower temperatures. It was found that when plates from 
fish spoiling at the higher temperature were incubated in parallel at 210 Co and 
370 C., almost identical counts were obtained at the two temperatures.(See Table 
7). 

It is concluded from this study of incubation temperature that the temperature 
at which fish spoil determines to a large extent what types of bacteria predominate 
in the spoilage. This is indicated by the almost total absence of 370 C. growers 
in the fish spoiling at 30 Co ,by the presence of a fairly large proportion of these 
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Table 6 - Effect of Plate Incubation Temperature and SpSli,lage Temperature on Plate Crunts of 
Rockfish Fillets}) 

P 1 ate C! 0 u n ~ 

SalIIple Spoilage Storage Incubatt,on T~j' Incubatir Temp. Incubation Temp. 
Temo. Time 30 C ''170 F 21)0 C. .770 F j 370 C. (gqOF~) 

Degrees C. r Bacterial gm. Bacterialgm. BacteriaTgm. 

A 25 T,7I5;m:IT 1,170,000 
t35,~~:~ 25 1 535,000,000 790,000,000 

B 25 ° 52,::00 139, ::00 3,400 
25 1 41,4~,OOO 89; :;00,000 '51,000,000 

3 ° 1,715,000 1,170,000 148, ::00 
3 1 2,035,000 1,660,000 7,000 

A 3 2 191,000 1,310,000 l~,O~ 
3 4 8,600,000 8,700,000 11 ,000 
3 7 53, 0cx?, 000 56,000,000 38,500 

~ ° 52,::00 139,500 3,400 
1 22),000 183,500 23,4~ 

B 3 2 340,300 324,~0 2,0Cl0 

§ 4 6~,4~,OOO 4,400,000 33, ::00 
7 1.000 0Cl0 72.000.000 8 000 , 

!I Samples.A. and B were homogenous grrund mixtures held in sterile beakers at the two 
different spoilage temperatures after the initial sample was taken for crunt. The two 
samples were taken from widely separated fi sh filleting houses in Seattle. 

organisms in the fish spoiling at 25° C. ,and by t he predominance of 37° C. growers 
in fish spoiling at 37° C. It was f urther concluded that incubation temperatures 
of 20° C. to 250 C. are best for plate counts on unproeessed fish , since incubation in 
this range gave highest counts in all cases. 

Table 7 - Effect of Incubation Temperature on Crunts for Fish Spoil ing &.t 32 0 c. (99 0 F.) 

Storage time of fish 
at 370 c. 
Hours 

-~ 
8 

12 

P 1 ate 
Incubation temp. 2')OC.~700J'.) 

Bacteria! ~. 
40,000 
tf7 ,300 

102,000 
1,100,000 

C 0 u n t 
Incubati on temp. ·i7°C.l9YOF. J 

Bacteri a/ gm. 
41,700 
85,000 

103,000 
1,110,000 

The following paragraph appears in Recommended procedure for the bacterio
logical examination of she\lfish and shellfish waters (Gibbard et. al.,1947): 

"A standard colony count of shellfish samples has been foond to be of 
value as an index of general sanitation and refrigeration." 

In the method described in that publication, 37° C. is recommended as an in
cubation temperature. Because 37° C. appeared to be a relatively high temperature 
of incubation, a single experiment with shellfish was run to determine whether 
370 C. or 25° C. gave the higher count. A sample of Pacific oysters which had been 
obtained freshly shucked at a commercial plant,and then held 8 days in the refrig
erator was plated. All plating technics were according to the recommended method 
described in the above publication, but replicate groups of plates were incubated 
at 25° C. as well as at 370 C. Results in Table 8 show that plates incubated at 25

0 
C. 

had 8.2 times as many colonies as those incubated at 37° C. These results indicate 
that this portion of the standard rrethods procedure should be investigated further. 
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Table 8 - Effect of Incubation Temoerature on Plate CountS}{ of Pacific OylteraZ! 

Incubation temperature 
Centigrade Fahrenhei t Incubation time Plate count average of t1 "late. 

degrees de"ees ~ Bacteria! PSD. 
~ ,;., 7.;1}' 1)2,000,000 
JI 9':1 2.2... 10.000.000 

JJ. Plate crunts were made by the standard metbod desoribed by Gibbard at. al. {l947J. 
1/ Oyster meats were stored 1 week at 1 0 c. (34 0 F.) , - -
JJ In an earlier experiment it was found that plates incubated at 37 0 C. for more than hro 

da;ys showed no increase in count up to 7 dfliYs at which time the medium had dried out 
markedly. 

Time of Inrubation 

In order to determine the optimum in~ubatlon time for plates i~cubated at 
25 0 C., one series was removed from t'he incubator at dbily intervals for count ng . 
To prevent contamination at the counting period , the lids of the plates were not 
removed. The count did not change perceptibly between 3 and 17 days ' Incub~tlon. 

However, at 3 days many colonies were very small) Nhich !ru;Ide COUI.ltiL~ a felt J 

and after 10 days, colonies often became so large that they f sed togethe . Th s 
4 to 7 days was considered best lncubation time for bacterial counts on f sh , and 
the 7-day period was preferred for ease of counting. 

DISCUSSION 

The data presented in this report are of 8 limited nature. bre work m st 
be done before any method for bacterial counts on fish products can be called 
"standard." The data are presented here merely as a basls for f rtner ~ork. 

Shown below is the tentative method which has been developed from a consid
eration of these data. Because most of the work was done witn fisn flesh, the 
method is not necessarily recommended for shellfish. 

To 150 grams of chilled fish flesh or crab meat in a sterile blender jar, 
add 150 cc. of autoc1aved chilled sea water. mend for 3 minutes. Weigh 2J 
grams into a tared dilution bottle containing f.b cc. of chilled autoclaved sea 
water and shake for 3 to 4 minutes, but be certain that all clumps have been 
broken up. Transfer by pipet to subsequent dilutions in chilled, autoclaved 
sea water, and. shake each dilution 3 to 4 minutes. Plate as promp tly as pos
sible, but if plating is delayed more than a few minutes, refrigerate the dil~ 
tions to be plated to prevent growth of the micro-organisms, and shake the sus
pensions slightly before plating. To plate, pipet 1 cc. of the SUSpension to 
petri dishes in triplicate and pCJ..lr Difco nutrient agar made up with aged sea 
water, and. with a pH between 6.0 and. 7.0, into the plates and mix. 'l'he te~ 
perature of the medium should not be above 420 C. at the time of pCJ..lring Mter 
the medium has SOlidified, invert the plates, incubate them 4 to 7 da,ys ~pref
erably 7 da;ys) at 2J to '250 C., and count colonies. (Material of very low 
count ~ be weighed directly from the blended mass to the petri dishes wi thout 
further dilution.) 

SUMMARY 

This report is a preliminary study of methods for determination of the total 
bacterial plate count on fishery products. 

Blending a fish sample gives better reproducibility than does grinding and 
shaking. The temperature rise which occurs on blending the sample with the dil
uent might reduce the number of bacteria unless the sample and diluent are chilled 
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before being blended. Dilutions 
should be shaken 3 to 4 minutes. 
Settling after the shaking period 
is not a 'serious problem. Sea water 
was the most satisfactory diluent 
found; while many other commonly 1,::;:,,:,.,/ 

accepted diluents were distinctly 
toxic to fish spoilage organisms, 
some killing off more than 90 per
cent of the bacteria present. The 
pH of the medium should fall slight
ly below neutrality,since alkaline 
media reduce counts markedly. The 
choice of medium is difficult, but 
Difco nutrient agar made up with 
aged sea water proved satisfactory 
and is suggested for the tentative 
method. 

Plate incubation should be at 
200 C. to 250 C. for 4 to 7 days. 
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It was found that incubation in this temperature range gave higher counts than 
did 370 C. for fish materials spoiling in the range 10 C. to 25 0 C. This was 
true of oysters as well as fish. The 37 0 C. temperature recommended for plate 
incubation in the standard plate count for shellfish (Gibbard, et. ~., 1947) 
should be investigated. 

The temperature at which fish spoil determines to a large extent what bacteria 
are present. 

A method. tentative for determination of the total bacterial plate count in 
fish flesh is described. 
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FREEZING FISH AT SEA 

One of the first large scale fishing operations involving the freez
ing of fish at sea was undertaken by a company organized in France with 
headquarters at Boulogne. This firm operated a fleet of several trawl
ers in the North Atlanti'c, North Sta, and Mediterranean. All were of 
similar size and construction and used the same freezing system, and 
each had a cold-storage capacity of about 150 tons of round fish. These 
vessels operated successfully in freezing fish at sea until 1940 when 
they were seized after France was occupied by the Germans. 
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