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Antagonistic Actions of Escherichia coli, Faecal
Streptococci and Natural Bacterial Flora on
Staphylococcus aureus in Shrimp Homogenate*
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The antagonistic effect of Esclierichin colt, faecal streptococed and natural bacterial flora
on Staplnylocaccys asrens in shrimp homogenate was studied at 28, 10 and 0°C. It was observed
that staphylococei could not grow in competition with E. coli, faecal streptococe and natural
bacterial flora al any of the lemperatures studied.

Antagonistic  relations  between
microorganisms occur frequently in foods.
The significance of such antagonism, par-
ticularly in the field of public health cannot
beignored or under estimated. The relatively
low recorded incidence of
staphyloenterotoxicosis must be attributed,
tleast in part, to such phenomena.
Staplylococous aureus is sensitive to competi-
tion and suppression of its growth by the
natural microflora of foods including
spoilage bacteria (Oberhofer and Frazier,
191; Peterson et al., 1962; Dack and Lipputz,
1862; Bryan, 1968; Digiacinto and Frazier,
1966; Haines and Harmon, 1973; Kraft et al.
1976; Mossel, 1982). The genera and species
often exerting their antagonistic influence on
5 aureus are Pseudomtonacene, Enterobac-
leriaceae, Loctobacillaceae,  Escherichia  coli,
Streptococcus faccalis, Bacillus cereus, Micrococ-
¢, Lactobacillus, Achromobacter and Pseudo-
monas (Ibid). However, in cooked foods 5
tterens Is known to compete with other bac-
teria (Bryan, 1973, Mossel, 19582). Available
mformation regarding the interaction be
tween different species of bacteria pertains
mly to a few food items. However,
knowledge of this important aspect relating
to fish and fishery products is lacking. The
present study was carried out to find the

dbility of staphylococci to grow in competi-
tiwn with E. coli, faecal streptococci and

natural bacterial flora at 28, 10 and 5°C in
shrimp homogenate.

Materials and Methods

Different strains of coagulase - positive
staphylococci, E. coli and faecal streptococci
isolated from frozen shrimps in our
laboratory were used for the intercompeti-
tion studies. Five sets of experiments were
carried out employing the following com-
binations of bacterial cultures and in the case
of each set, the influence of temperature (28,
10 and 0°C) and initial bacterial load on the
growth and viability of the relevant or-
ganisms were also studied: i) Coagulase
positive staphylococci, No. 4 and E. coli No,
I1; ii) Coagulase positive staphylococci No.
4 and faecal streptococci A; iii) Coagulase
positive staphylococci No. 2 and natural bac-
terial flora; iv) Coagulase prositive
staphylococci No. 4 and natural bacterial
flora; v) Coagulase positive staphylococci
No. & and natural bacterial flora

The substrate used in the first two sets
of experiments was sterile 20% (w/v)
shrimp-homogenate (autoclaved at 121°C
for 30 min) whereas in the remaining three
sets, a 20% (w/w) homogenate of fresh un-
cooked shrimps was used.
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Twenty four h old cultures of the or-
ganisms in brain-heart infusion broth in-
cubated at 37°C were centrifuged for 15 min
at 5000 rpm and the supernate was asepti-
cally decanted off. Cells were washed twice
by suspending in 10 ml isotonic saline and
recovered by centrifugation. Washed cells
were resuspended in 10 ml of fresh saline
and finally diluted 10° times using sterile
isotonic saline,

In each set of experiments cited above,
0.1 to 10 ml of the diluted suspensions of the
concerned organism were pipetted into the
shrimp homogenate contained in conical
flasks. After thorough stirring, 100 ml of the
homogenate from each sel of the experiment
was dispensed inlo three sterile 250 ml con-
ical flasks. One flask from each set of the ex-
periment was incubated at room tempera-
ture (28°C), 10°C and 0"C. One ml each of
the test homogenate was drawn from each
flask just before incubation and thereafter at
fixed intervals for bacteriological enumera-
tion. The growth of 5. aureus when inocu-
lated alene into sterile shrimp homogenate
and incubated at different temperatures
were also determined. The strain and the
substrate used in these studies were identical
with those used in the intercompetition
studies,

E. coli, faecal streptococci and
coagulase positive staphylococd in one ml
each of the homogenates were determined
using Tergitol 7 agar, KF agar and Baird-
Parker medium (BP) respectively. Natural
bacterial flora were enumerated using Tryp-
tone glucose extract agar (TGE).

The Tergitol 7 agar medium was in-
cubated at 37°C for 24 h, while all other
media were incubated at 37°C for 48 h.

As TGE agar also allows growth of
coagulase - positive staphylococei, the en-
dogenous microflora was determined by
deducting the number of coagulase positive
staphylococci from the total number of bac-
teria that grew on TGE.
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Results and Discussion

The intercompetition  between
coagulase positive staphylococei and E. coli
for growth in shrimp homogenate at 28°C,
10°C and 0°C is shown in Tables 1, 2 & 5
From the tables, it is clear that coagulase
positive staphylococci cannot grow in
shrimp homogenate in competition with E
coli at any of the three temperatures. In the
experiments where the number of
staphylococei was equal or greater than that
of E. coli, the staphylococci showed an in-
crease in growth upto 24 h, but, the growth
rate was significantly lower than that of £
coli. After 24 h, staphylococei exhibited a
sharp decline in the rate of increase whereas
the number of E. coli continued to be on the
increase throughout the period of study. It
was further observed that when grealer
numbers of E. coli than staphylococci were
present in the homogenate (Table 1), the
growth of staphylococei was suppressed o
a greater extent. At 10°C, the maximum
growth of staphylococci was attained in 12
to 16 days followed by a steady decline
whereas the number of E. coli continued to
increase throughout the period of study
{Table 2). At 0°C, however, the number of
both the organisms were found to decrease,
the rate of decrease in the case of
staphylococei being faster, indicating inter-
competition between the two groups of or
ganisms.: (Table 3).

Data presented in Tables 4, 5 and 6
clearly indicated that staphylococci could
not grow in shrimp homogenate in competi-
tion with faecal streptococei at 28, 10, 0°C.
Staphylococel could grow well only for a
maximum of (Table 4) 24 h and, thereafter, |
it was outgrown by faecal streptococci
When the initial population of faecal strep-
tecocel in the substrate was more, the an-
tagonistic effect of streptococci on
Etalyhylncocci was evident even at 12 h. At
10°C, the growth of staphylococci was found
to be restricted from the 8th day onwards,
depending upon the number of streptococei
in the substrate. At 0°C, even though the




Table 1.
shrimp - homogenate at 28'C

ANTAGONISM BETWEEN S, aurens AND OTHER MICROFLORA

Bxpt. Organism &  Original
no strain no. number ?h ah 1Zh
per ml

1 Sphylococeid 3200 2 400 2010
Ewmhill AR a 200 6500

2 Swphylococcid  165x10 3 320 6400
E coli 11 3800 2 420 12420

3 Staphylococei 4 2400 2 10 120 20
Ecolill 4.62x10 2 25 920

Intercompetition between Staphylococci and E. coli for growth and viability in

Growth rate®
24k 2days ddays Gdays  lidays
BE00 4300 2140 SR a5{
12400 18300 35880 61450 FHE20
10000 £ 300 1200 320
18100 25820 44700 (0100 B7R00
304 150 110 80 50
12100 29800 35400 G2100 74200

Table 2.
shrimp - homogenate at 100C

Bpt.  Organismé&  Original

o strain no. number  lday ddays  Hdays
per ml

1 Staphylococci4 3200 2 175 450
Ecoli 1l 4500 2 2352 22610
Staphylococel 4 1,65x10¢ 3 210 450
Ecnli 11 3800 2 410 12450

|1 Staphylococcid 2400 3 o 200
E.coli 11 4.62x10 4 0 1250

* The number of times of increass in the orginal number of the orgamsms

Intercompetition between Staphylococei and E. coli for growth and viability in

Growth rate*
12days  16days 20days Mdays
500 400 95 40
23530 24450 25220 27250
GBO 810 520 210
15640 18310 23810 30150
160 110 80 70
2850 A580 3750 3810

Table. 3
shrimp - komogenale at (FC

(Expt.  Chrganism & Original

&L Strainno.  number  1day adays
per ml

1 Saphylocoeci 4 3200 1.1 L6
Eali Il 4800 1.3 25
1 Staphylococeid  LeSx10! 0.5 4
Ecoli 11 3800 16 8
Staphylococci 4 2400 1.5 4
E coli 1 4.6x10° a 5.3

Bdays

22
14
25
14
25

b

*The number of times of increase in the orginal number of the organisms

Intercompetition between Staphalococei and E coli for gmwth and wviability in

Death rate®
12days  lodays 20daye  2days
104 50 120 208
18 22 50 70
120 250 40 40
23 31 38 42
Bl 150 250 10
5 30 as 45

number of both the organisms decreased, the
b of decrease in respect of staphylocoeci
\was comparatively more rapid.

~ The results further indicated that
magulase - positive staphylococci were un-

ble to grow along with the natural bacterial
flora present in shrimp-homogenate at any
of the three temperatures studied (Tables 7,

“The number of times of decrease in the orginal number of the organisms

8and 9). At 28°C, the growth of staphylococ-
ci was inhibited in 15-18 h by the growth of
natural bacterial flora, while at 10°C,
staphylococci could grow for 16 days
without being suppressed. In both the cases,
the ratio between the number of
staphylococei and the natural bacterial flora
was also a controlling factor as in the case
of E. coli and faecal streptococci. At 0°C
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Table 4. Intercompetition between staphylococct and faecal streptococei for growth and
viability in shrimp - homogenate at 28°C
Expt. Organismé&  Original Growth rate”
Neo  Strainno.  number
per ml Zh  &h 1Zh 24h 2days ddays bdays  10days
1 Staphylococcid  A62x10* 3 660 1570 1240 200 180 150 110
Strepteocei A E2Ix10f 2 30 1400 14210 48000 50000 51500 53000
2 Staphylococi 4 7200 3 - 10 400 1850 1100 800 5040 kv 3
Streptococci A 560 2 150 #20 1800 4400 75000 112100 125800
3 Straphylococci 4 740 3 70 1880 1400 1800 1000 950 78l
Streptococci A LOSx10* 2 20 910 5400 91000 121000 164000 181500

* Thee numbier of times of increase in the orginal number of the organisms

Table 5.
viability in shrimp-homuogenate at 10°C
Expt  Organisms Original
Ma strain Mo, number 1d 4d ad
per ml
1 Staphylococei 4 3.62x10¢ 12 i 120
Streplococe A L21x10* 22 345 6500
2 Staphylocoeeid 7200 2 15 210
Streplococei A 650 3 450 7300
3 Staphylococcid 740 2.4 25 200
Streptococci A LEsx10t  L15 0 8500

Intercompetition between staphylococci and faecal streptococed for growth and

Growth rafe*
12d 16.d 20d 2d
220 150 120 100
10200 15080 20200 25100
450 3 210 190
10200 1430 18500 21200
180 140 110 75
15650 18200 20400 22700

*The number of times of increase in the original mamber of the organisms

Table 6. Intercompetition between staphylococei and faecal streptococei for growth and
viability in shrimp-homogenate at (°C
Expt  Organisms Original Death rate*
Mo, strainMNo.  number
per ml 1d 4d  8d 12d 16d 204 24d
1 Staphylocoecid  362x10° 5 2 a8 6.5 10.2 15.1 25.0
Streptococci A 121x10° IS 150 4D 31 3.6 38 45
2 Staphylococcid4 7200 15 18, 33 9.2 155 220 29,0
Streplococei A 650 18 L 2.5 32 62 71
3 Staphylococcid 740 15 5 &3 8.5 EX 18.0 220
A LBx0 5 20 25 35 44 6.8 75

15 : insignificant decrease in the original number

*The number of tunes of decrease in the original number of the organisms

(Table 9) while staphylococei gradually
reduced in numbers, fairly rapid multiplica-
tion of the natural bacterial flora was
recorded. However, 5. gureus had anuninter-
rupted growth alone in shrimp homogenate
{Tables 10, 11 and 12).

Apparently, no similar work seems to
have been donein fish or shrimps and, there-

fore, the results of this work cannot be can
pared with other studies. The studiesd
McCoy and Farber (1966) on meat, Brym
(1968) on beef pies and Mossel (1982] oo
foods in general indicate the inability of §
aurens to grow in competition with fh
natural bacterial flora whichis in total age
ment with the observations of the presed
work. Oberhofer & Frazier (1961) found thi



Table 7.

ANTAGONISM BETWEEN 5. aurens AND OTHER MICROFLORA

A Organism  Original
No,  sirainono, number
per ml 2h. 6h 12h
i1 Bllpi'_r}'fmrﬁl 3a2x100 10 i) 120
Nakral fora 62T x10¢ a5 50 15610
‘2 Swphylococci 4 B300 5 25 i
MNatural flora LOGx10" 25 340 1650
3 Siphylocoeci 6 261x10° 10 28 1
i Matural flora 161100 14 210 2110

0005
45

Intercompetition between staphylococei and natural bacterial flora for growth
and viability in shrimp-homogenate at 28°C

Growth rate*
15 h 18 h 24h 2days bdays
185 160 30 15 10
1RO 2300 A2 4200 “HAND
75 ] 50 a5 20
2100 28(H1 36 H20M) a1}
40 16 10 3] 6
25040 3300 R0O50 4150 5200

Organism

strain no, nuimber
perml 1d 4d
Staphylococci 2 1.62x10 3 18
~ MNatural lora 621510 10 20
I Stiphylococcid 8300 2 16
. Natural flora 10510 25 110
 Swphylococei 6 2.61%10° 3 40
Watural flora LExIY 20 65

ad

35
540
45
5411
120
A50

The number of times of mcrease in the original number of the organisms

Intercompetition between staphylococci and natural bacterial flora for growth and
viability in shrimp-homogenate at 10°C

Growth rate *

12d 16d 20d 4d

65 150 105 70

1210 2900 M50 4200

160 120 55 a5

1100 2500 3600 4400

450 520 3T 220

1600 1720 2800 3400

HThe number of imes of increase in the original number of the organisms

in shrimp-homogenate at (°C

Crriginal
numbser
perml
3.62x10¢
6.21x10¢
#2300
1.05% 10
2.61x10°
1.BIx10¢

id 4d

== = R
(PP -

-

Intercompetition belween staphylococeiand natural bacterial flora for growthand viability

Growth rate®/death rate™

fd

12d 16d 20 d M d
B (] L] 12
185 1300 200 4500
& 10 15 n
250 780 1050 2100
10 40 &5 110
150 ol 1820 2700

b case of natural bacterial fora; **in the case of staphylococei. As number of times increase/decrease in priginal

nber of arganisms

i were inhibitory to the growth of
¢eus. The study of Graves & Frazier
on the micr isms isolated from

ent food products indicated that E. coli
faecal streptococci were inhibitory to S.
. According to these authors, the
erature of incubation also markedly in-
enced the extent of such inhibition in the

growth of staphylococei. The results ob-
tained in the present study support these
findings.

5. aureus requires a good complement
of a number of amino acids like cystine,
valine, glycine, proline, arginine and aspar-
tic acid (Troller & Frazier, 1963). Niacin and
biotin too are vital nutrients for the growth
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Table 10.  Growth of 5. aureus 4 in shrimp homogenate at 37°C
Count ml*
0k 2h 4h &h fh 10h 12h Uh ad 4d 6d Bd 12d
Numbsers LA 240 20vI0' SZx0 GOnIF Zaxdl' dbaiif 520 61xi0 B2x100 BSwi0® AB«I0* oW
Fold wcreass
i
'rllhl 1.7 14 an 4285 17141 D2AST  MESTI 42871 5H5T) HOTI4  A2R57 50000
Table 11.  Growth rate of 5. aureus 4 in shrimp homogenate at 10°C
Count ml'
od 1d 2d ad 5d id 12d 18d nd
Mumbers 00 A4S0 15x10° TSxI0P 20x10F B9 LO9x10* 21x10" 35«10 30x10M
Fold increase
over initial
numbers 118 39 10 553 342 S000 5526 9210 TEM
Table 12.  Death rale of S. aureus 4 in shrimp-homogenate at (°C
Count/ml
O day 1 day 4days  6days  10days 16days Mdays  Xdays -I!dr_rl
Numbers 28<10* 21810 20x100  LAxID* SO0 1800 460 160
Fold increase =
over initial numbers 13 14 255 .04 15.55 6,86 175 .7

of 5 aureus (Ibid). As the antagonistic
microorganisms exhaust these essential
nutrients during their competitive growth,
staphylococei lose its chance for growth
Many metabolites like trimethylamine,
hypoxanthine, indole, hydrogen sulphide,
dimethyl sulphide, furfural, isovaleral-
dehyde, isobutyraldehyde etc., are formed
during the growth of saprophytic bacterial
flora on fish. In the t study, the toxic
effect of any one or more of these metabolites
on the growth of S5 aureus may also be
suspected.

One of the main aims of the present
work was to investigate whether under nor-
mal commercial handling  practices,
mgulau positive staphylococci present in

fishery products, can multiply to the extent
which may result in the outbreak of food

poisoning. On the basis of the results ob-
tained in the present study, it can be con-
cluded that the food poisoning outbreak due
to consumption of raw frozen shrimps con-
taminated with coagulase  positive
staphylococel is seldum possible as the
natural bacterial flora prevent staphylococd
from attaining a dangerous level. However,
in the case of cooked frozen shrimps, whems
the competing microorganisms are much
less, staphylococei, if present, can multiply
to high levels, thereby increasing the hazanl

of food poisoning.

The authors are thankful o Dr. ILan-hﬂ
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