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(The production of colour by homogenised fish material
in a simplified sugar medium containing an acid indicator has
been made use of for the rapid approximation of bacterial
load in such products. The medium thus developed containspeptone,
tryptone, yeast extract, sodium chloride and beef extract besides
dextrose. The time of colour praduction is influenced to some
extent by the level of sodium chloride in the medium: and is
almost always inversely proportional to the bacterial load in
the hcmogenate).

The search faor a quick and reliable method for accurate determination of
quality of fresh and processed fishery products has beer going on in many co-
untries for the pastsaveral years. Tnis has led to a closer study of the mech -
anism of biocha nical changes taking p.ace in fish during spoilage and of the
usefulness of some of the spoilage products for quality assessment. Glycogen,
lactic acid, trimethylamine, total volatile reducing substances, volatile acids etc,
are soma of the factors exhaustively tried in this connection. While many of
these show excellent correlation with spoilage under specified conditions none
can yet be considered complete and dependable for general application.

Several authors (Shewan, 1949; Hobbs, 1953) still agree that bacterial
count is by far the best of all the known indices far assessing speilage in
fish, These authors have shown that by the time the decomposition has
reached the point where it is detactable as such to the human senses, the
bacterial counts are one to ten millions per gram. Hobbs (lac, cit) further states
that foods suspected of causing food poisoning gave counts greater than ten
million per gram. Continued studies hava also clearly established (Anon, 1960
Mossel, 1953) that a low bacterial -count invariably parallels freedom from
food poisoning pathogens. Howevsr, quality assessment by bacterial count also
is not free from limitations. A corract interpretation and correlation with
spoilage is often impossible due to several reasons (Elliot and Michener 1960).
It also has the disadvantage thit it takes too much ‘time and requires elaborate
preparations for plate count dsterminations which limits its value for routine
work. In a fish processing factory the raw materials will have to be graded
for quality as and when they arrive without much loss of tims, and in the
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absence of reliable quick methods they are forced to depend still on organole-
ptic and visual characteristics.

In order to overcomz this disadvantage a few attempts aimed at methods
for rapid approximation of bacterial counts hava been mades in recent years.
Novak et. al. (1956) made use of bromothymol blu2 at 35°C and a milk
medium containing methylene blue for this purpose. These authors noticed
definite differences in the time taken for colour changes in the medium when an
extract of shrimp was added, depending upon the total bacterial count. It was
found that a sample of shrimp with a total plate count often million and -
above produced a colour change within two hours in the former and within one
hour in th2 latter. Uno and Tokunga (1954) mads use of resazurin for similar
work.

The present communication deals with the investigations carried out using
a sugar medium for the purpose of rapid assessmeant of bacterial loads in
fresh ice-stored and frozen prawn products. §The ability of most of the pred-
ominent types of micro-organisms present in fresh and spoiling fish products
to produce acid from sugars has been taken advantage of in this method.
Particular emphasis is given to standardize the procedure in such a way that
it could be adopted for day to day work in fish processing factories.

Materials and Methods

In all the experiments prawns collected from the landing centres, from
the local market or from the processing factories were used. Twenty gram
muscle was homogenised with aged sterile sea water to make up 10 cc.
and the homogenate was used. Total bacterial plate count was determined
by plating out serial dilutions of the homogenats in triplicates on sea water
agar and incubating for fortyeight hours at room tamperature. In all the experi-
ments 10 cc. each of the sterile medium at final PH of 7.0 was used

Experimental

The initial trtials were carried out in a medium prepared in distilled
water with the following percentage composition: Peptone 0,5 Tryptone 0 25,
maltose 0.5 lactose 0.5 dextrose 0.15, yest extract 0 05 Beef extract 0.1, NaCl
0 58, and Andred’s indicator 0-8 cc. Definite quantities of muscle homogenised
with sterile sea water were added to triplicate tubes gnd incubated at 37°C for
production of pink colour.

in Subsequent work a simplified medium was wused containing all the
above constituents in the same percentage composition except maltose and

lactose. The tubes were incubated in triplicates with definite quantities of
inoculum at 37°C and at room temperature.

Subsaquently efforts were made to bring out the effect of sugars by
trying media without any sugar, dextrose alone and in combination with
maltose and lactose. The effect of sodium chloride in the medium was aiso
studied by keeping its concentration at different levels in the exJeriments,
The following five media were tried:

(1) Medium without any sugar
(2) Sugar mixture
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(3) Dextrose alone without salt
(4) Dextrose with 0.58% salt
(5) Dextrose with 3.5% salt

To study the relative merits of the above media in colour production,
homogenates from several series of raw meterials zontaining varying bacteria|
loads were inoculated to all the madia simultanecusly and incubated at «37°C
and room temperature.

To dstermine the optimum salt ccncentration in the medium same
quantiries of muscle homogenate in sea water were incubated simultaneously ag
room temperature with media containing dextrose and 0.5,1.5, 2.5, 3.5 and
5% sodium chloride

In a few series of experiments the prawn meat was added direct to
tihe medium without homogenisation in order to examine whether the procedure
could thus bz simplified. The rasults obtained in each series were compared
with the corresponding values obtained from the same quantity of inoculum
added as homogenate.

To account for the highly significant difference in rasuits between the
two proczdures mentioned above, some experiments were carried out with
media containing dextrose and 0.58% salt and dextrose and 3.5% salt, in which
the same concentration of inoculum was added as a homogenate in sea water,
as a lump and as a lump with enough sea water added to make the resultant
salt concentration same as when the homogenate is added, and incubated at
foom temperature.

Results

In all the experiments carried out the tim=2 taken for the production of
pink colour in the media was found to be inve:sely proportional to the bacterial
load of the material under test.

The results obtained with the initial medium at 37°C in a series of experi-
ments is shown In Figure 1, The following general trend (Table 1) was found in

atmast all the series tried.
HFABLE 1

Time for colour production at 37°C in sugar mixture in relation to
bacterinl coung

Bacterial Count Time taken for the production of
pink colour in minutes

100,00,000 and above : Below 100
10,00.000 100 - 150
1,00,000 150 - 210
10,000 210 - 250
1,000 and below - Above 250

-
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Statistical analysis of the data shows

«

that the scatter diagrem (Fig. 1)

gives a straight line with the following equaticn.

Y = (logy) = 8.523 - 00174 X

Xs (Calculated) =
0

2

3.0483

X (5% tabie value) = 43.77
30
It can be said with probability 0.95 that a straight line is the best fit

for the given date.
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colour production and bacterial count in sugar mixture.

Y = (Log. Y) = 8.623 — 0.0i174 X

Figures 2 and 3 represent respactively ‘the results obtained with dextrose
containing 0.58% salt incubated with inoculum 4t 37°C and room temperature.

The general trend obtained in these series is as follows: (Table [I)

TABLE 1l

Time for colour production in medium with Dextrose and 0.58% salt at 37°C
and room temperature in relation to bacterial eount

Bacterial Count

Time taken for the production of pink colour, in minutes

at 37°C at room temperature
100,00,000 and above 90 120
10,00,000 90-145 120 160
1,00,000 145-195 160-240
10.000 195-245 240-280
1,000 and below above 245 above 285
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These results reveal that there is a difference between the timings at room
temperature and at 37°C, the former being always higher.

Analysis of the data shows that as in the case of the sugar mixture
the time taken for colour production bears a close relationship with the bacterial
count obtained in the above two series (30 observations each from the two
series using the same concentration of inoculum being considered for analysis
purpose). The scatter diagrams (Figs. 2 and 3) of both the series give straight -
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Fig 2. Time of colour production and bactzarial count in medium with

dextrose and 0 58% NaCl at 37°C.
Y. =(Eog Y) = 7403 —.0.01019 X.
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Fig. 3 Time of colour production and bacterial count in meduim with
dextrose and 0.58% NaCl at room temperature.

Y = (Log. Y) =8.735 — 0.01616 X.
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lines with the following equations:
Y = (log) = 7.403 — 0.01019 X (for 37°C) and
Y = (logy)= 8.735 — 0.016' 6 X (for 28°C)

2

Calculated value for x being 2 00 and 1.06 respectivaly against table value
of 40.11 thus |ud|cat'ng the fiti2ss of the lines for th2 data. Tha apparent
difference in timings noticed in Table above, however, is found to be not
significant at 5% level when the F test is applied, thes calculated valus of
1.104 for F (29, 29) being lower than the table value of F at 5% level of
significance

Figures 4 and 5 represent the results obtained with the different media
at room temperature and at 37°C respectively for the same concentration of
inoculum. Tne general trend obtained in these experiments is given in
Table |IlIl.

TABLE 11l

Time for colcur production in different media at 37°C and 28°C
in relation to bacterial count

Bacterial Medium Sugar Dextrose Dextrosa with Dextrose with
count wlthout mixture withouc salt 3.5% salt 0 589 salt
sugar 28°c  37°C 28°¢  37% 98261 ¢ 3700 280@e  3Rs0
1267 x.10°% c')ﬂ-g 152 127 147 A2 147 117/ 167 147
aL£ ®
ST ERT 365 145 W5 1800 W BEL 135" 129
SR
121 x 102 _?-,.Sg A 155 192 17 179 145 198 178
2E2
6.0 x40 S2S 155 " 165 WEH 140 - 437 - 115 125 10

Analysis of the data obtained shows that the scatter diagrams (Figures
4 and 5) give straight lines witn the following equations:

Y =6.496 — 0.001 X 28°C :
Y=73 7 — 0.006 X 37°C for sugar mixture.

Y=8.48 —0002X 28°C
Y =0.252 — 0.038 X 37°C

Y =8344 — 0011 X 28°C

for glucose without salt.

Il

Y - 8235 — 0.013 X 37°C for glucose with 3.5% salt.
Y- AHa5 001X 28C " BC 8
Y-7835 —0 09X 37°C for glucose with 0.58% salt.

Analysis of data showed that glucose alone with 3.5% salt appears to
be a better medium for colour production than tha other three.
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The results obtained for the same concentration of inoculum at room
temperature in media containing dextrose and varying concentrations of salt is

shown in Table V.

TABLE IV

Time for colour production in media containing dextrose and vorying
concentration of salt

Bacterial Count 0.5% salt 1.5% salt 2.5% salt 3.5% salt 5,09 salt

3.6%x10° 210 215 225 205 265
1.4%X10° 152 160 313 144 200
751
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Fig. 4. Comparison of efficiency of four different media in coiour

production at room temperature.
1. Dextrose alone without salt.
Y = (Log. Y) = 8.48 — 0.002 X.
2. Sugar mixture Y = (Log.Y) = €.496 — 0.001 X.
3. Dextrose with 0. 50% NaCl.
Y = (Log. Y) = 8 145 — 0.010 X-
4. “Dextrose with 3.5% salt.
Y - (Log. Y) = 8.344 — 0.011 X.
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Fig: 5.
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Comparison of efficiency of four different media in colour
production at 37°C.
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Dextrose alone without salt.

Y = (Log- Y) = 2. 52 — 0.038 X.
Sugar mixture-

Y = (Log- Y) = 7.357—0.006 X.
Dextrose with 0.58% NaCl.

Y = (Log. Y) = 7.835—0-009 X.
Dextrose with 3.5% NaCl.

Y = (Log. Y). = 8.235—0.013 X.

In all the experiments where the inoculum was added as a lump, the results
were always higher than when the same concentration of inoculum was added as a
homogenate. The results obtained are shown in Figure 6. Typical results show-
ing the general trend are given in Table V.

TABLE V

Time for colour production at 28°C in medium containg dextrose and 0. 58% salt
for the same concentration of inoculum added as a-homogenate and as a lump

Bacterial Count

Time taken fer colour production in minutes

As a homogenate at 28°C As a lump at 28°C
0 70 ¢ 01" 127 240
2.85%10° 167 280
2.41 %10’ 115 , 275
4.0 % 10° 150 302
1.66X10° 287 410
43 xX10°

134 278
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Satatistical analysis of the data showed a high significance at 5% level bet-
ween the two series. The mean and the variance fora few results in both the

series are given in Table VI.

TABLE VI

Statistical analysis of a few results obtained in media containing dextrose and
0.58% salt at 28°C for the same amount of inoculum added
as a lump and as a homogenate.

As a homogenate As a lump
Mean Variance Mean Variance
X, = 264.25 1.684 X, =374.5 389.67
X, = 295.00 4.000 X, =:383.25 62.247
X, = 308.5 1.000 X, = 402.25 284.25
X, =324.25 1.584 X, =41450 188.334
X,=3415 1.670 X, =424.00 236.667

Since the mean as well as the variance are widely different in each case
the ‘t’ test and F test showed a high significance at 5% level, showing that there
is a definite variaiton in the time for colour production in the medium when
the inoculum is added as a lump and as a homogenate.

Fig. 6. Colour production for the same bacterial count when material
is added as lump and as homogenate, at room temperature.
1. As lump.+2. As homogenate.
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The results of the experiment where the same concentration of inoculum
was incubated as a homogenate, as a lump and as a lump with enough sterile sea
water added to make the resultant salt concentration the same as in the one where
the homogenate was added, in media containing dextrose with 0.58% salt and
3.5% salt are shown in Table VII.

TABLE VIl

Time for colour production for the same concentration of inoculum added as a
homogenate, as a lump, and as a lump with seowater in media
con'aining dextrose and 0.58 and 3 5 % salt at 28°C

Bacterial Dextrose with 0,589, salt Dextrose with 3.5% salt
Count Homogenaie Lump Lump4-S.W. Homogenate Lump Lump4S.W.

5.0 X1 0" 175 267 187 163 169 16747/

25 X 10 185 282 202 179 186 190

It can be seen from the table that there is significant difference between the
results where the inoculum was added as a homogenate and as a lump in
medium with dextrose and 0.58% salt. There is also significant difference between
the series even when the salt concentration is equalised in both cases.

Discussion

The production of a pink colour in a medium containing dextrose can be used
as a method for the approximation of bacterial levels in fishery products. Though
the time for colour production, viz., 1.5 hr. to 4 hr. for bacterial levels ranging from
10 million to 1,000 organisms is still a little too high for practical use under com-
mercial conditions, it is a definite improvement on the conventional plate count
techniques which take a minimum of 48 hours The results so far obtained clearly
indicate that where absolute values are not required the method can be ussd to
advantage for a rapid approximation of bacterial range in a fishery product.

The absence of colour production in the medium without any sugar shows
that it is the breakdown products of the sugar that brings about the colour change.
The decrease in timings in the four media for the same concentration of inoculum
was in the following order. Glucose without salt—Sugar mixture—glucose with
0.589 salt—glucose with 3.56% salt. Slightly higher timings obtained with sugay
mixture than with dextrose alone in presence of 0.58% salt indicate that it is imma--
terial whether dextrose alone is used or in combination with maltose and

lactose. Since the lowest results were obtained with a medium containing dextrose
with 3.56% salt, it can be assumed that a sodium chloride concentration of 3.5% is

the optimum and that the best medium for this test is dextrose with 3.5% salt.
This is further proved in the series where different salt concentration were used

with dextrose (Table IV). The highly significant dif’erences in the resnlts obtained
for the same concentration of inoculum added as a homogenate and as a piece
(Tabls V) can be explained by the difference in the resultant salt concentration.

67



When a homogenate in sea water is added to the medium at a salt corcen-
tration of 0.58% the resultant salt concentration increases, while in the case where
the inoculam is added as a lump the salt concentration remains unchanged. The
significant differences in timings obtained between the homogenate and the lump
even after equalising the final salt concentration (Table VIl) need some explanaticn.
This may be due to the more even distribution of bacteria in the homogenate
than the muscle lump, the effect of surface bacteria, the effect of particle size, the
effect of oxidation-reduction potential developed or due to some active substances
formed during the homogenising process. Investigations are in progress to elucidate
this aspect as well as the role of individual strains of bacteria on colour production-

Summatry

The usefulness of a sugar medium for the rapid approximation of bacterial
counts in fishery products has been investigated. A simplified formula for the
feaction medium has been warked out and tried extensively in experiments.
The method is found to give satisfactory results for rapid assessment of
bacterial ranges in fresh, iced and frozen prawn products.
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