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THE EFFECT OF SALT, VINEGAR, AND HEAT ON THE
COLIFORMS IN OYSTERS

By ENRIQUE S. SALAFRANCA
Of the Bureauw of Fisheries, Manilo

., our initial trials with 10 per cent salt showed that
th this amount of salt the oysters spoiled before they
| of their coliform contents, hence, higher concentrations

—Vinegar with an acetic acid content of 3.47 per
used. Concentrations of 10, 15, 20, 25, and 30 per
) at RT, 37° C, and 45° C were tried. Observa-
ar to those made in the trials with salt determined
. of concentrations higher than 10 per cent.
e effect of various low degrees of heat, including
45° C., 59°-61° C. and 99°-101° C. (boiling) were
periments were conducted at RT, 37°C., ard 45°C.
osity inasmuch as these degrees of heat do not ap-
y of the heat treatments to which oysters intended
resh are subjected. An electrically heated water
mperature oscillated between 61°-65° C. was em-
t oyster specimens inside beakers to between
This water bath treatment gave us the nearest
ible with our facilities to the temperature to
fer meat is subjected when the oyster is steamed
ell and is served in this manner. A temperature
C. in the center of the mass was obtained by
an open flame. This was employed to approximate
ich. oysters are subjected when they are blanched

FOUR TEXT FIGURES

Oysters obtained from the areas adjoining the City of Manila
have been shown to be invariably polluted (Clague, 1950:
Division of Public Health Laboratory, 1952; Salafranca,
1952). Corrective measures have, accordingly, been recom-
mended. Realizing the danger posed by these polluted oysters
to the health of the people partaking of them, the Secretary
of the Department of Health created in 1951, the Committee
on Shellfish Industry. The main function of this body is to
make experimental studies on the development of an efficient
and practical method of purifying ovsters. The plans laid out
for this purpose have not been put to trial owing to certain
difficulties. In the meantime, the experiments reported in
this paper were conducted to determine to what extent the
common practices observed in preparing oysters for the table
affect their bacterial contents, particularly the coliforms. '

The effects of salt and vinegar, which are the most common |
ingredients used, and heat were investigated. These were
determined by periodic checks on the total bacterial counts,
(TBC) and coliform counts (CC) of the oyster samples. ‘

ia.—ZoBell's (1946) 2216 plating medium was
r determining the TBC.

th, EMB agar, Dunham’s peptone broth, Clark
um, and Koser citrate broth were used for the
-tests for coliforms.

performed in the course of these experiments,
grams of oyster meat with the corresponding
- The TBC and CC of the fresh, untreated
letermined to obtain the initial counts which
asis of comparison for the subsequent counts
ding treated portions of the specimens.
t'least 10 grams was employed for each check
1 CC of the treated material. An amount of
ter sufficient to make a 10 per cent emulsion
e whole run through a Waring blendor for
The coarse particles were allowed to settle
sample was used for the varicus bacte-

MATERIALS AND METHODS

The oysters used in these experiments were obtained from
the Binakayan oyster farm of the Bureau of Fisheries. The
oysters were thoroughly cleaned and shucked asceptically as
described in a previous work (Salafranca, 1952).

Salt.—Two series of experiments using salt were conducted.
In one series, granulated rock salt with 99.45 per cent sodium;
chloride (moisture content, 0.006 per cent) was used, and in
the other, granulated solar salt with 82 per cent sodium chloride!
(moisture content, 9.9 per cent). Salt concentrations of 10.
15, 20, and 25 per cent (W/W) were tried at room temperature
(RT)', 37° C., and 45° C. For seasoning, a 10 per cent salt
concentration is high even for people who like their food salty

1Rmm} temperature ranged from 23.5° to 27°C. at about 8:00 A.M. and
from 27° to 30°C. at about 3:00 p.M. during the period of these experiments.
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s and techniques adopted for enumeration and
he TBC from the plate cultures, the coliform
onfirmatory tests, and the determination of
number (MPN) of coliforms were exactly
in a previous work in connection with the
(s ey of oysters at the Binakayan oyvster farm

of the fresh oysters were assigned a value
he bacterial counts obtained in the periodic
ed as percentages of the corresponding
counts thus expressed are easily compara-

 RESULTS AND DISCUSSIONS

‘salt (99.45 per cent NaCl and 0.006 per
results obtained in the trials using this
marized in Table 1. The initial counts
"The counts in the periodic checks of the
ed above, are expressed as percentages
ial counts.
ited with 10, 15, and 20 per cent salt
ched much greater TBC levels than the
counts; with 25 per cent, the TBC were
- given salt concentration, the counts were
~and 37° C. than those at 45° C. -
‘this series with one exception, were
orresponding initial counts (fig. 1).
per cent salt concentrations. at RT,
‘in about 120 hours; with 15 per cent,
re a negative CC could be obtained ;
‘oysters were rid of coliforms in about
20, and 25 per cent salt concentra-
s and 15 per cent about 120 hours
At 45° C., the tithe required .to
ened with the increase in salt con-
or 10 per cent, 48 hours for 15
h for 20 and 25 per cent (fig. 3).
‘per cent NaCl and 9.9 per cent
counts were obtained in speci-
ions than those obtained in
rations and lower germicidal
> per cent salt than that dem-
f this quality (Table 2 and

-
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At RT and 37° C,, it was not possible to determine the ap-
proximate period 10 per cent salt concentration would require

to destrov the coliforms inasmuch as the oysters were putrid -
after 96 hours and were discarded. At 45° C. about 24 hours [ =
were required to destroy the coliforms. Oysters with 15 per | § L ©
cent salt stored at RT and 37° C., respectively, required about =
96 hours; at 45°C., about 48 hours. With 20 per cent salt 1,:' 2 b
the results were irregular: at RT, about 72 hours; at 37° C. - T
about 4 hours; and at 45° C., about 24 hours. While no attempt - = 1 2
was made to determine the cause of this irregularity, severa g
possibilities were noted: variation in the size and nutritive F
condition of the individual oyster and possible variation ir
the number and species of their coliform content. Oysters [T
with 25 per cent salt and stored at RT and 37° C., respectively, -
were negative for coliforms after about 48 hours; at 457 C, &
after about 24 hours. 7 [ =
In general, the observations in connection with the germicidal !
power of salt confirm those made by other investigators w .:_’ | &
have worked along similar aspects of this problem. Salle ™ .
(1948) states that low concentrations of salt tend to stimulats = , PR i =
bacterial growth, whereas, higher concentrations are toxie s 4o
Baumgartner (1946) states that the effect of salt on the resist S - N
ance of microorganisms to heat varies with the concentratio) =
employed. Viltjoen, as cited by Baumgartner (1946), found® = =~  ~___.---77TT7 : .
that amounts up to 4 per cent protected the spores of zever: e aa R, T
microorganisms heated in canned pea liquor. Sherman an =
Holm, as cited by Salle (1948), found that low concentration o T —
of NaCl produced accelerating effect on the growth of Ei :'2‘ [?—‘
cherichia coli. They found that 0.02 M (about 1.16 per cent] =3
to be optimum. A period of equilibrium between the deat g ,."'3
rate and the rate of multiplication of coliforms is evident i ® e
the trials at RT and 37°C. with 10 per cent rock salt (fig. g A AH
and a period of mild stimulation in the trials at RT and 45° : /~/
with 10 per cent solar salt (fig. 2). This period is abo - R
72 hours and about 4-24 hours, respectively. The presence \_,fy -
great amounts of organic matter in the specimens treated T L
apparently inactivated the greater portion of the initial amoun o = A
of the sall dissolved. Salle (1948) ‘states that salts are mol _ /__/__ o e B Rad
germicidal in distilled water than in solutions containing pt — —— -
'8 2 3 23 %88 g g o

tein; the organic matter greatly inactivating the salt. It tak
semetime, therefore, before the ecliforms are exposed to 6

*Figure in parenthesiz s based on auy compatation,

TREATMENT

Fic. 2. Trends in the MPN of coliforms in oysters treated with solar salt (82 per cent NaCl)
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i;ew:centration attainable from the amount of salt added.
meantime, the low concentration stimulates the growth
coliforms resulting in the periods of stimulation or at
t the state of equilibrium noted.

salt, when added in amounts to make a final concen-
of 10 per cent, required about 18 hours to dissolve
ly; solar salt about, 4 hours. This, probably, accounts
longer periods of equilibrium observed in specimens
with rock sait than the periods of stimulation observed
mens treated with solar salt.

gar (acetic acid content 3.47 per cent).—The results
Table 3) that this quality of vinegar in the concen-
kmployed is a more powerful bactericide than either
two qualltles of salt used, in the concentrations they
oyed (Tables 1 and 2).

1 stimulation of the growth of the coliforms oc-
the first 4 hours, or thereabouts, in all but two
about 24 hours, however, a marked reduction in
evident in all but one trial (fig. 3). The possible
or the variations have already been pointed out
differences in the size and nutritive condition of
and in the number and species of their coliform
er 48 hours, the specimens in all but two trials
tive CC.

indicate that raising the temperature enhances
lal power of any of the vinegar concentrations tried.
imens with 10 per cent vinegar, after 48 hours at
dy and no further checks were made; at 37° C.
, the specimens were rid of coliforms in about
mmens with 15 and 25 per cent at RT and
s free of coliforms after 48 hours; at 45° C., after
Those with 20 per cent at RT, 37°C., and 45°C.,
, and 48 hours, respectively: with 30 per cent,
and 24 hours, respectively.

“Lochridge, as cited by Salle (1948), showed
~(approximateiy 0.49 per cent)® solution of
' required to produce a 99 per cent reduction
' E coli after an exposure of 10 minutes. These
ever, were conducted using laboratory media.
gartner (1946), for commercial purposes,
lons of about 1.5 to 2 per cent are required.
vinegar, the concentrations of 10, 15, 20,

is is based on our computations.
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gees § 4 12F) & r cent correspond to approximately 0.35, 0.52, 0.69,
% g = - - - - -
T332 2 zi2 el & per cent acetic acid, respectively. Considering
PR % 5 REsc| = f the oyster meat, the concentrations tried were
EE.: 7 X L5 s :aih = a 0 e
252 E £ 2 EE%' 535 fiAe| ¢ lower than those suggested by Baumgartner.
2 ue 'g : 5 25‘5555 g%.ﬁ“- A Table 4 summarizes the results of the trials with
E %%E E E E 3‘5'55';7;: : Ei; E initial period of stimulation for the multiplication
_'>.-§ 2 ¥ eg o ., "..; '0-5 “, B o H N .
ig‘g-gsrg §| 5 éig%’go Eg 3 is evxdent-m all of t.he specimens .kept at the
#Ea3% 2 o 35°=3E A4 % a eratures tried, the period varying with the tem-
T PR PR F axposure. The higher the temperature, the shorter
i RN o P i B I - B : f exposure. ‘ ¢ 5

E EEEQ%E%E%E%&EE%E?E 2 riod and less marked the stimulation: at RT and
54 S22 = = o
= §82°87 5" 582855 58= 5 24 hours; at 45° C., about 24 hours; at 59°-61° C.,

£ 1 It THITLE 4 utes; and at 99° 101°C., about 1% minute (fig. 4).
" I aid t bt oidddt dii) 4 of time that the coliforms remained alive in
s lgl| fiiob o i o b ~at RT and at 37° C. has not been determined.

) BRI EREEHIE z , were markedly decomposed after 48 hours and
» < sl@] ji° == =@ eeriss oo : checks were made. At 45°C., oyster specm;xens
i3 E = . ° or coliforms after about 48 hours; at 59°-61° C.,

. 219 B w28 rolaB con E our. At 99°-101° C., the specimens were gen-

Bas @la § 2 il i o :
:: S| e = B wee jem mes " after about 1 minute. In one of the trials,

T3 51 Bl - the coliforms were destroyed after 10 minutes
82 Z E : ; o .
el 2 2 The possible explanations for this irregularity

L] Q % ! : h

Sxlzlalg| onz 8 Tommy AR o n enumerated elsewhere in this paper.

» =2 == o o om - o :
sS12| |F|&" il . ction to the observations made on the CC, an

:T’-} z uf| xeo o = 2 = the TBC was observed. At RT, 37° C., and

¥ = o . . .

S | % g°Le coTTTem T £ 8 e was followed by a considerable increase in

L2 =g s o o

53 210| wes € § & it _w |TF s; at 59°-61° C. and at 99°-101° C. the de-

w8 TIE] ge5 = o 2 mrmsee H2e b2 TBC was more or less progressive,
~ = O

:“:“: o @ o owm B i of the TBC may be explained by the pre-

&3 g|C| g~ & 7 ° renewe oo o rine species of microorganisms in the speci-
N £ - . ;'_: optimum temperature for the growth of these
W — — oo | .

E 5 E cod 5 % o ”szg wsm | g w: few of them will grow at temperatures
| = £z (ZoBell, 1946). At RT, 37" C., and 45° C.
. -0t m o - . sy s :

= . 9] soe 5 @ rhcewd weo - them were inhibited or destroyed resulting
9 2|C| 288 8 2 g ZeRa3x $3° | 3 ;W .

2 3 B =3 ine in the TBC. In the meantime, reproduc-
-< = u oWl N £ = : e )

[ -2 :gm IR m;éﬂ._;a; cav | i% air, and othez: contaminants which were also

o e = B s i cimens was stimulated. As a result, a marked

bieob o b RREaRE R LB is subsequently noted. At 59°-61° C.
o N il ' | i i " - e .
LEl 02 R oREuEER E °3 . - the marine forms, as well as most of the

z HOT g © © HOUELO Sl g% eistl'oyed 80 t'hat at these .temperatures a

& db% o & B ablabd #8% | g ° ive decline in the TBC is noted.

: BE% 5 % W ®EEEEE ®Es | 5 E - (1946) stated that most members of the
Py - - - D a0 e e Eel i D o £ ! ,
568 £ E E 3DEEEE §BT | £°: lla group are killed by exposure to tem-
ELy § 5§ ¥ EEEEEY EEE zal for about an hour or of 60° C. for 15-20
S88 2 28 2 288888 238 C
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It may be presumed,

I - Initial MPN

ficantly from one another, although E

a slightly higher resistance.
th at when the check on a heat-treated specimen

i

s1

at the various species comprising the coliform group
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