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Vinegar has long been added to foods in the home and in the
commercial packing plant as a flavoring element; in addition, it
has adefinite preservative action against spoilage microorganisms.
Any toxic effect of vinegar is undoubtedly due to its acetic acid
content.

Levine and Fellers (1940) showed that the toxicity of acetic
acid is not due to pH alone although an increase in the hydrogen
ions resulted in a decrease in heat resistance of the bacteria
studied.

As vinegar is usually associated with sugar or salt or both in a
food, it seemed advisable to study the toxic effect of acetic acid
in the presence of these substances.

LITERATURE REVIEW

The uses of vinegar in foods are legion: mayonnaise dressings,
prepared mustard, horse-radish, pickles, salads, marinated fish,
spinach, and beets are only a few of the products with which it is
used. Rowse (1928) attributed the keeping qualities of mayon-
naise to its vinegar content and pointed out that the preserving
power of vinegar varies directly with its acetic acid content.
Pederson and Breed (1926) found that one per cent acetic acid

1 Contribution 361, Massachusetts Agricultural Experiment Station, Amherst.
Taken from Doctor’s Dissertation of A. S. Levine (1939), Massachusetts State
College.

2 Presented at the Forty-First General Meeting of the Society of American
Bacteriologists, New Haven, Conn. December 29, 1939. J. Bact. 89, 17.
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stopped the growth in tomato catsup of all microorganisms
studied and that combinations of salt and sugar with the acid
did not lower appreciably the amount of acetic acid required.

The antiseptic action of acetic acid and some other organic
acids is not confined to bacteria; these acids appear to be toxic
to yeasts and molds as well. Cruess and Hascal (1924) reported
that 0.8 to 1.0 per cent acetic acid seemed to inhibit the fermenta-
tion of apple cider by Burgundy yeast. Katagiri (1926) found
that at a constant concentration of free acid, the rate of fermenta-
tion by yeast was independent of the concentration of either ace-
tate or formate salts. Similarly, the nature of the salt cation, Na,
K, or NH, had no influence. The yeast fermentation was, how-
ever, very sensitive to the presence of free acid. This investigator
states that the effect is no doubt a complex one, due in part to
hydrogen ions and in part to the undissociated molecules of the
acid but that the influence of the latter is much greater than that
of the former.

Fabian and Wadsworth (1939) demonstrated that acetic acid
is a better preserving agent for sweet pickles than lactic acid.
The pH value of the pickle syrup was not a reliable indicator of
the preserving power of the acids present. Levine and Fellers
(1940) conducted comparative studies and showed that acetic
acid was more toxic than either lactic or hydrochloric acid to
Salmonella aertrycke, Saccharomyces cereviseae, and Aspergillus
niger. These organisms were inhibited or destroyed at a higher
pH value when acetic acid was used as the toxic agent than where
lactic or hydrochloric acids were used.

EXPERIMENTAL
Index organisms

The test microorganisms used were Salmonella aertrycke,
Staphylococcus aureus, Phytomonas phaseoli, Bacillus cereus; Sac-
charomyces cereviseae, (Lister strain) and Aspergillus niger. These
microorganisms were selected, not only for their association with
food spoilage, but also for their representative value as more or
less typical members of certain microbial groups.
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Methods

~ The effect of acetic acid on the total destruction and on the
reduction of numbers of bacteria and yeast was determined by a
15-minute contact with acetic acid solutions. The test micro-
organisms were also subjected to contact with acetic acid solutions
containing 5 per cent salt and with acidified 20 per cent sugar
syrups. The solutions were prepared as follows: Five milliliters
of sterile distilled water were added by pipette to each of a series
of sterile tubes. To the first tube, were added 5 ml. of acetic
acid of known concentration. After mixing, 5 ml. of this solution
were transferred to the next tube. The procedure was repeated
until each tube in the series contained 5 ml. of acid solution in
decreasing order of concentration, 5 ml. from the last tube having
been discarded. One-tenth ml. of a diluted broth culture was
added to each tube. The tubes were well agitated and replaced
in the rack for 15 minutes. After this contact period a standard
quantitative plating was made on each tube. Nutrient agar was
used for the bacteria and glucose agar for the yeast.

The same general procedure was followed where acid-sugar
syrups and acid-salt brines were used. Five milliliters of sterile
double strength salt brine or sugar syrup were added to the first
tube so that dilution with an equal volume of acetic acid gave
the same strength brine or syrup in this tube as in the others of
the series.

Immediately after plating, determination of pH was made on
each solution remaining in the tubes. All pH determinations
were made electrometrically by means of a Beckman glass elec-
trode pH meter in which the electrode was balanced against a
standard cell. Total acidities were calculated, since the acid
concentration of the first tube and the subsequent dilutions were
known. These calculations were checked occasionally by actual
titration with standardized sodium hydroxide.

The mold was cultivated in flasks of 0.5 per cent glucose broth
alone and also in glucose broth with 5 per cent salt and with 20
per cent sugar. The broth solutions in each series were acidified
with acetic acid. An unacidified control was used in each
series also.
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The technique employed in the study of Aspergillus niger was
somewhat different from that used with bacteria and yeast due
to the nature of the mold. Sterile 50 ml. portions of 0.5 per cent
glucose broth were transferred aseptically to sterile 250 ml. Erlen-
meyer flasks. This procedure was used to obviate unequal loss
of flask contents through evaporation during sterilization. The
sterile sugar- and salt-glucose broths were added to series of flasks
in the same way. Varying amounts of acetic acid were added to
the flasks to make series of decreasing acid concentrations. The
volume of acid added was sufficiently small to affect the surface
of the medium but little. Ten milliliters of solution were removed
from each flask for pH and total acidity determinations. Acidity
was determined by titration with sodium hydroxide with phenol-
phthalein as the indicator. The remaining 40 ml. gave a maxi-
mum surface in each flask for mold growth. A 0.1 ml. water
suspension of spores of Aspergillus niger was inoculated into each
flask. The flasks were held for five days at 30°C. (80°F.) in the
absence of light. The dried weight of mold which had developed
during the incubation period was determined by filtering and
washing the flask contents. The filtrate was saved for pH and
total acidity determinations. The mold mats were dried at
100°C. (212°F.) to a constant weight.

Experimental results

Results are presented in tables 1 to 6. The percentage reduc-
tion in whole numbers is based on the number of organisms sur--
viving after a 15-minute contact period with similar solution,
water, brine, or syrup, that contained no added acetic acid.
Thus, in table 1 at a pH 3.3 and a total acidity of 0.15 per cent
acetic acid, there was a 98 per cent reduction in the number of
cells of Salmonella aertrycke surviving from the number obtained
when water at pH 6.2 was used as the contact medium. For brine
of the same total acidity, 0.15 per cent, the pH was 3.1 and the
reduction was 100 per cent. A 20 per cent sucrose syrup that
contained 0.15 per cent acetic acid and had a pH of 3.5 caused a
reduction from the number of organisms surviving in the unacidi-
fied syrup of 99 per cent. Greater numbers of Salmonella aer-
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trycke survived contact with the unacidified 5 per cent brine and
the unacidified 20 per cent syrup than with the water alone. Bush-
nell (1921) found that broth media containing 4 per cent NaCl

TABLE 1

Effect of different concentrations of acetic acid on the survival of Salmonella aertrycke
in water, salt brine, and sugar solutions

Contact period, 15 minutes

ACIDITY OF SOLUTION
TOTAL REDUCTION
TYPE OF 8OLUTION pn Cllwﬂllllt‘d COUNT Nug‘m
acidity
per cent m per cent

Water + aceticacid.................... 3.3 0.15 1,870 98
Water + aceticacid.................... 3.4 0.08 4,800 94
Water + aceticacid.................... 3.6 0.04 8,400 90
Water + aceticacid.................... 3.8 0.02 13,800 84
Water 4 aceticacid.................... - 4.0 0.01 24,000 71
Water 4 aceticacid.................... 4.2 0.005 36,000 57
Wateronly..............c.oovvininnn.. 6.2 0.0 84,000

5 per cent brine + acetic acid.......... 3.1 0.15 0 100

5 per cent brine 4 acetic acid.......... 3.3 0.08 2 99+
5 per cent brine + acetic acid.......... 3.5 0.04 6,000 94
5 per cent brine + acetic acid. ......... 3.7 0.02 14,400 85

5 per cent brine + acetic acid.......... 4.0 0.01 48,000 50

5 per cent brine + acetic acid.......... 4.3 0.005 84,000 14
5 per cent brine only................... 6.1 0.0 96,000

20 per cent syrup -+ acetic acid......... 3.5 0.15 1,320 99
20 per cent syrup -+ acetic acid......... 3.7 0.08 7,200 94
20 per cent syrup + acetic acid......... 4.0 0.04 15,600 87
20 per cent syrup 4+ acetic acid......... 4.4 0.02 21,600 82
20 per cent syrup - acetic acid......... 4.7 0.01 72,000 40
20 per cent syrup + acetic acid......... 5.3 0.005 | 108,000 10
20 per cent syruponly.................. 7.1 0. 120,000

192,000 bacteria were added to each ml. of the solution.

were more favorable for growth of the organisms studied than
broth containing one per cent. At the higher total acid concen-
trations, the brine solution was slightly more effective than the
water or the syrup solutions in reducing the number of cells of
Salmonella aertrycke. However, at the lower acid concentrations
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the brine seemed to be less effective than the water of correspond-
ing total acidity, in reducing the number of organisms. The

TABLE 2

Effect of different concentrations of acetic acid on the survival of Staphylococcus
aureus in water, salt brine, and sugar solutions

Contact period, 15 minutes

ACIDITY OF SOLUTION

TYPE OF SOLUTION pn douls 0!3:: ng.::x

acidity

per cent m per cent
Water + aceticacid.................... 3.3 0.17 17 99+
Water 4+ aceticacid.................... 3.4 0.08 114 99
Water + aceticacid.................... 3.6 0.04 260 97
Water + aceticacid.................... 3.8 0.02 2,400 76
Water + aceticacid.................... 4.0 0.01 5,000 50
Water + aceticacid.................... 4.2 0.005 9,200 8
Water + acetic acid.................... 4.4 0.003 10,800
Wateronly............................. 6.2 0.0 10,000
5 per cent brine + acetic acid.......... 3.1 0.17 0 100
5 per cent brine + acetic acid.......... 3.2 0.08 14 99+
5 per cent brine + acetic acid .......... 3.4 0.04 315 96
5 per cent brine + acetic acid.......... 3.6 0.02 1,200 83
5 per cent brine 4+ acetic acid. ......... 3.7 0.01 1,600 | - 79
5 per cent brine 4+ acetic acid. ......... 4.0 0.005 4,200 42
5 per cent brine 4 acetic acid.......... 4.2 0.003 6,400 1
5 per cent brineonly................... 6.1 0.0 7,200
20 per cent syrup + acetic acid......... 3.5 0.17 0 100
20 per cent syrup + acetic acid......... 3.7 0.08 1 99+
20 per cent syrup -+ acetic acid......... 4.0 0.04 3 99+
20 per cent syrup + acetic acid......... 4.3 0.02 61 99
20 per cent syrup + acetic acid......... 4.7 0.01 900 79
20 per cent syrup + acetic acid......... 5.1 0.005 3,600 14
20 per cent syrup + acetic acid......... 5.9 0.003 6,000
20 per cent syruponly.................. 7.1 0.0 4,200

-

7,200 bacteria were added to each ml. of the solution.

brine was also less effective than the syrup at equivalent pH but
this is not surprising inasmuch as the syrup contained a slightly
higher percentage of the acetic acid.

Table 2 shows that plain water reduced the numbers of Staphy-
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lococcus aureus less than did the unacidified salt or sugar solutions.
At the high concentrations of acid, all three solutions were about
equally effective in reducing the numbers of added viable bacteria.
At pH 4.2 the percentage reduction was approximately the same
in the water and in the 5 per cent salt brine solutions, being 8 and
11 per cent, respectively. However, at pH 4.3 in the 20 per cent
sugar syrup series, the number of living cells was reduced 99 per
cent. In this case some of the reduction may be attributed to
the slightly higher acid concentration at this pH value. The
syrup permitted the survival of no organisms at pH 3.5 and acid-
ity of 0.17 per cent, whereas at pH 3.3 and the same total acidity,
the water solution permitted the survival of some organisms.
Table 3 presents the results obtained on an experiment of a
similar nature with Phytomonas phaseolz, a plant pathogen. This
organism proved to be less resistant to acetic acid than did the
other microorganisms. Water and acetic acid at pH 3.4, and
brine and syrup at pH 4.0 caused a 100 per cent destruction of the
organisms in 15 minutes. In addition, both the brine and the
syrup controls with no added acid were more toxic than the water
alone. Again, the acidified sugar syrup at any pH caused a
greater reduction in numbers than did the brine or water series
solution of a corresponding hydrogen-ion concentration. This
was true, despite the fact that the unacidified sugar syrup was
less toxic to Phytomonas phaseoli than the plain salt brine.
Bacillus cereus, an organism closely related to Bacillus mesen-
tericus which causes a “ropy’’ spoilage in many foods, yielded the
results in table 4. The unacidified 20 per cent sugar solution
seemed to enhance the survival of Bacillus cereus, whether as
vegetative cells or as spores. But, the addition of acid to the
syrup again caused a greater reduction in numbers of surviving
organisms than that obtained after contact with brine or water
solutions of a corresponding pH value. Although the brine alone
was slightly more toxic than the water alone, the latter, when
acidified with acetic acid, caused a greater reduction in numbers
than the former at the same total acid concentration. If one
compares the results on corresponding hydrogen-ion concentra-
tion, the difference becomes more marked due, probably, to the



262 A. 8. LEVINE AND C. R. FELLERS

higher acid concentration in the water solution. The same trend,
in general, is observed in the case of spores although there are a

TABLE 3

Effect of different concentrations of acetic acid on the survival of Phytomonas phaseoli
in water, salt brine, and sugar solutions

Contact period, 15 minutes

ACIDITY OF SOLUTION
TYPE OF BOLUTION Toras, | REPTITION
oH C“&'ﬂx‘*‘d COUNT NUMBXERS

acidity

prome | DU | per cont
Water + acetic acid.................... 3.3 0.15 0 100
Water + aceticacid.................... 3.4 0.08 0 100
Water + aceticacid.................... 3.6 0.04 41 99+
Water + aceticaeid.................... 3.8 0.02 69 99
Water + aceticacid. ................... 4.0 0.01 167 98
Water + aceticacid.................... 4.2 0.005 5,000 50
Water + acetic acid.................... 4.4 0.002 6,000 40
Wateronly...........oooiiiiiiiininnnn, 6.2 0.0 10,000
5 per cent brine 4 acetic acid.......... 3.1 0.156 0 100
5 per cent brine 4 acetic acid.......... 3.3 0.08 0 100
5 per cent brine + acetic acid. ......... 3.5 0.04 0 100
5 per cent brine + acetic acid. ......... 3.7 0.02 0 100
5 per cent brine - acetic acid. ......... 4.0 0.01 0 100
5 per cent brine + acetic acid.......... 4.3 0.005 30 98
5 per cent brine + acetic acid.......... 4.6 0.002 40 68
5 per cent brineonly. .................. 6.1 0.0 1,380
20 per cent syrup + acetic acid......... 3.5 0.16 0 100
20 per cent syrup + acetic acid......... 3.7 0.08 0 100
20 per cent syrup + acetic acid......... 4.0 0.04 0 100
20 per cent syrup + acetic acid......... 4.4 0.02 24 994
20 per cent syrup + acetic acid......... 4.7 0.01 900 86
20 per cent syrup - acetic acid......... 5.3 0.005 4,200 36
20 per cent syrup + acetic acid......... 6.5 0.002 | 5,400 18
20 per cent syruponly.................. 7.1 0.0 6,600

7,200 bacteria were added to each ml. of the solution.

smaller number of organisms involved. Since acetic acid appears
to be as effective against spores as against vegetative cells, it is
significant that it may be useful for the control of spore-forming
bacteria in foods.
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Yeasts can generally tolerate higher acidities than most bac-
teria. Table 5 shows that Saccharomyces cereviseae survived con-
tact with acidified water, brine, and syrup solutions at higher total

TABLE 4

Effect of different concentrations of acetic acid on the survival of Bacillus cereus in
water, salt brine, and sugar solutions

Contact period, 15 minutes

ACIDITY OF

SOLUTION | counrs | mon | Z9TAL | "HoR”
TYPB OF S8OLUTION BACTR- IN M IN
Caloulated| 1A + | NUM- |SPOBES| yyp
pH total |sPorms| Bxms | ONLY | ppps
acidity
per cent | per ml. |per cent | per ml. | per cent

Water + acetic acid................. 3.3 | 0.17 68 | 79 5 | 93
Water + acetic acid................. 3.4 | 0.08 8 | 74 17 76
Water + acetic acid................. 3.6 | 0.04 9% | 7 16 4
Water 4 acetic acid................. 3.8 | 0.02 99 | 70 17 | 76
Water + acetic acid................. 4.0 | 0.01 125 | 62 21 70
Water + acetic acid................. 4.2 ] 0.005 | 150 | 55 27 61
Wateronly...............ccocvnene... 6.2 | 0.0 330 70
5 per cent brine 4 acetic acid. ...... 3.1 | 0.17 8 | 68 4 93
5 per cent brine + acetic acid. ...... 3.2 | 0.08 95 | 62 13 78
5 per cent brine + acetic acid. ...... 3.4 | 0.04 93 | 63 15 75
5 per cent brine 4 acetic acid. ...... 3.6 | 0.02 101 | 60 16 73
5 per cent brine 4 acetic acid. ...... 3.7 ] 0.01 | 140 | 44 25 58
5 per cent brine + acetic acid. ...... 4.0 | 0.005 | 190 | 24 26 57
5 per cent brine only................ 6.1 | 0.0 250 60
20 per cent syrup + acetic acid...... 3.6 | 0.17 95 | 87 10 87
20 per cent syrup + acetic acid...... 3.7 ] 0.08 | 108 | 85 17 78
20 per cent syrup -+ acetic acid...... 4.0 | 0.04 114 | 84 20 75
20 per cent syrup + acetic acid...... 4.3 | 0.02 126 | 83 20 75
20 per cent syrup -+ acetic acid...... 4.7 | 0.01 150 | 79 22 72
20 per cent syrup + acetic acid...... 5.1 0.005 | 210 71 25 68
20 per cent syrup only............... 7.1 | 0.0 720 70

360 bacteria and spores were added to each ml. of the solution.
84 spores were added to each ml. of the solution.

acidities and greater hydrogen-ion concentrations than any of the
bacteria studied. The acidity range of the solutions was from
0.0 to 4.73 per cent. A comparison of the water series with the
brine series again shows that toxicity is due in part to the acetic
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acid itself, without the influence of hydrogen-ion concentration.
Although the plain brine was slightly more toxic than the water,
the acidified brine caused a smaller reduction in surviving cells

TABLE 5

Effect of different concentrations of acetic acid on the survival of Saccharomyces
cereviseae (Lister strain) in water, salt brine, and sugar solutions
Contact period, 15 minutes

ACIDITY OF BOLUTION
TYPE OF BOLUTION Caloulated | oooam o
pH kel COUNT | yymBERs
acidity
per cent ’g‘&‘w per cent

Water + acetic acid.................... 2.5 4.73 0 100
Water 4 aceticacid.................... 2.7 2.37 78 88
Water 4 aceticacid.................... 2.8 1.18 300 56
Water + acetic acid.................... 3.0 0.59 420 37
Water 4 acetic acid.................... 3.1 0.30 470 30
Water 4 acetic acid.................... 3.3 0.15 500 25
Wateronly............................. 6.2 0.0 670

5 per cent brine + acetic acid.......... 2.2 4.73 0 100
5 per cent brine + acetic acid.......... 2.4 2.37 20 97
5 per cent brine + acetic acid. ......... 2.6 1.18 370 38
5 per cent brine 4 acetic acid. ......... 2.7 0.59 440 27
5 per cent brine 4 acetic acid. ......... 2.9 0.30 410 32
5 per cent brine + acetic acid. ......... 3.0 0.15 450 25
5 per cent brineonly................... 6.1 0.0 600

20 per cent syrup + acetic acid......... 2.5 4.73 0 100
20 per cent syrup + acetic acid......... 2.7 2.37 15 97
20 per cent syrup + acetic acid......... 2.9 1.18 280 44
20 per cent syrup + acetic acid......... 3.1 0.59 390 22
20 per cent syrup + acetic acid......... 3.3 0.30 470 6
20 per cent syrup -+ acetic acid......... 3.6 0.15 490 2
20 per cent syruponly.................. 7.1 0.0 500

900 yeast cells were added to each ml. of the solution.

than did the acidified water at a corresponding pH. Thus, at
pH 3.0 the brine caused a reduction of 25 per cent whereas a
15-minute contact period with water at this pH resulted in a
reduction of 37 per cent. Yet the water solution at pH 3.0 had a
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total acidity of 0.59 per cent while the brine at the same pH had
only 0.15 per cent acidity. The greater toxicity of the water
solution seems to be due, therefore, to the higher content of acetic

TABLE 6
Effect of different concentrations of acetic acid on the growth of Aspergillus niger in
Jlasks containing glucose broth, glucose broth brine, and glucose broth syrup

INITIAL ACIDITY | FINAL ACIDITY
MEDIUM Titrat- Titrat- Dl‘:::
pH | able | pH | able |WHeAT

acidity acidity

per cent) per cent | mgm.
Glucose broth.........................l 4.1 | 0.27 | 4.1 | 0.27 0
Glucose broth........................ooa... 4.3 |0.21| 4.3 |0.21 17
Glucose broth.....................coooinl 4.4 (016 | 7.1 | 0.03* | 162
Glucose broth.......................oool 4.5 (0.15| 7.6 | 0.03 | 148
Glucose broth......................oooiilL. 4.7 (0.10| 7.6 | 0.03 | 133
Glucose broth.................ccoiiiiniin. 5.2 ({0.07]| 7.6 | 0.03 | 121
Glucose broth (control)..................... 6.8 |0.03| 7.6 | 0.03 128
Glucose broth + 5 per cent NaCl............ 4.0 10.27 | 3.9 | 0.32 0
Glucose broth + 5 per cent NaCl............ 4.1 10.22 | 4.2 |0.18 33
Glucose broth + 5 per cent NaCl............ 4.2 10.17| 7.5 | 0.03* | 132
Glucose broth + 8 per cent NaCl............ 4.5 1]0.12| 7.5 |0.03 | 127
Glucose broth + 5 per cent NaCl........... 4.6 |0.10| 7.6 | 0.03 | 129
Glucose broth + 6 per cent NaCl (control)..| 6.7 | 0.03 | 7.6 | 0.03 | 131
Glucose broth + 20 per cent sucrose......... 4.1 |0.27 | 4.1 | 0.27 0
Glucose broth 4 20 per cent sucrose......... 4.2 10.22 4.2 {0.20 6
Glucose broth + 20 per cent sucrose......... 4.3 10.20| 3.2 | 0.49 64
Glucose broth + 20 per cent sucrose......... 4.4 10.16 | 2.2 | 2.47 | 463
Glucose broth + 20 per cent sucrose......... 4.7 (0.11| 2.3 | 2.36 | 327
Glucose broth + 20 per cent sucrose (control).| 6.8 | 0.03 | 2.1 | 3.02 | 223

The inoculation consisted of 0.1 ml. of a water suspension of Aspergillus niger
which contained 2000 spores.

* At final pH values of more than 7.0 the apparent acidity represents a blank
which is not subtracted in this table.

acid as it could not be due to any difference in the concentration
of hydrogen-ions. Bach (1932) stated that generally the hydro-
gen-ions control antiseptic effect but that the undissociated part
of lactic acid is the active factor when pH is such as to be un-
important.
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The data in table 6 show the effect of different concentrations
of acetic acid on the growth of Aspergillus niger in glucose broth,
glucose broth with 5 per cent sodium chloride salt, and glucose
broth with 20 per cent sucrose. The brine control and the glu-
cose broth control yielded about the same amount of dried mold,
131 and 128 mgm., respectively. However, growth in glucose
broth control containing 20 per cent sucrose yielded a dried mold
mat weighing 223 grams. This mold growth was sufficient to
form 3.02 per cent acid from the sucrose and increase the hydro-
gen-ion concentration to pH 2.1. The acid produced is calculated
as acetic acid for purposes of comparison, although Aspergillus
niger readily produces citric, oxalic, and gluconic acids when
grown in sugar solution. Henrici (1930) states that on prolonged
incubation the molds slowly utilize the acids they form thus
causing the reaction to return toward neutrality. This is prob-
ably what occurred in the acidified broth where sugar was not
present and which had mold growth. The acidities were com-
pletely utilized from the start and the reaction went beyond the
neutral point. In all three series, 0.27 per cent acetic acid, or
more, was necessary to prevent the growth of mold. Also, inhibi-
tion was about the same in all flasks containing 0.21 and 0.22
per cent acid as 17, 6, and 33 mgm. may be considered as equal
insofar as dried mold weight is concerned (see fig. 1). Kirby,
Frey, and Atkin (1935) found that the growth of Aspergillus niger
was inhibited in a bread medium set at pH 3.5 and which con-
tained 0.2 per cent acetic acid.

The heaviest mold mat obtained (see table 6), developed in
the 0.5 per cent glucose broth containing 20 per cent sucrose and
0.16 per cent acid with a pH of 4.4. The dried mold weighed
463 mgm. A titratable acidity of 2.47 per cent with pH 2.2 was
produced in the medium. In general, the sugar-broth series pro-
moted greater mold development than did either of the other two
series at corresponding acidities. The mold growths in the glu-
cose brine series and in the plain glucose series were about the
same. At a total acidity of 0.17 per cent, the former yielded
132 mgm. of dried mold whereas the latter at a total acidity of
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0.16 per cent yielded 162 mgm. Yet the salted broth had a
pH 4.2 which was lower than the pH 4.4 of the 0.16 per cent plain
broth solution. This might have inhibited initial growth of the
mold sufficiently to account for the difference, as a pH value of
4.2 is close to the inhibiting limit of acetic acid for Aspergillus
niger. At pH 4.5 the plain glucose broth had an acidity of 0.15

F1a. 1. Growth of Aspergillus niger in flasks of glucose broth with added acetic
acid (top row); with acetic acid and 5 per cent NaCl (middle row); and with acetic
acid and 20 per cent sucrose (bottom row).

Top row: percentage acetic acid, left to right: none, 0.07, 0.10, 0.16, 0.21, 0.27.

Middle row: percentage acetic acid, left to right: none, 0.10, 0.17, 0.23, 0.27.

Bottom row: pereentage acetic acid, left to right: none, 0.11, 0.16, 0.22, 0.27.

per cent and yielded 148 mgm. of dried mold. At a pH 4.5 the
glucose broth brine had an acidity of 0.12 per cent and yielded
127 mgm. of dried mold. This small difference in mold weight
might be attributed to the higher content of acid available for the
mold in the plain broth medium, as the hydrogen-ion concentra-
tion in this case was not sufficient to cause any inhibition of
growth during the first part of the incubation period.
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SUMMARY

1. Acetic acid inhibited bacterial growth in almost direct pro-
portion to the amount present. The order of decreasing resist-
ance to acetic acid, either alone, in 5 per cent brine, or in 20 per
cent sugar syrup is Bacillus cereus, Salmonella aertrycke, Staphylo-
coccus aureus, and Phytomonas phaseoli. Naturally, Saccharo-
myces cereviseae and Aspergillus niger were inhibited at a higher
acetic acid concentration than the bacteria, with the yeast being
the more resistant.

2. At equivalent pH values greater toxicity was usually ob-
served in those tubes containing the greater amount of acid.
Apart from the indirect effect in altering the hydrogen-ion con-
centration, the salt and the sugar aided the acetic acid but little
in its toxic effect on bacteria and yeast. Similarly, the added
salt and sugar exerted little, if any, effect on the minimum per-
centage acidity required for total destruction of these organisms.

3. Additional evidence is presented to show that the toxic
action of acetic acid on microorganisms is not confined to the
hydrogen-ion concentration alone (Levine and Fellers, 1940).

4. When Aspergillus niger was inoculated into a series of flasks
of glucose broth containing different acetic acid concentrations,
growth was inhibited at pH 4.1 and at a total acidity of 0.27 per
cent. The addition of either 5 per cent salt or 20 per cent sucrose
did not significantly change these limits for growth. The pres-
ence of acetic acid in non-toxic amounts actually promoted the
development of Aspergillus niger by acting as a source of energy.

5. At acetic acid concentrations of 0.10 to 0.17 per cent no
inhibition in mold growth resulted from the addition of 5 per cent
NaCl. On the other hand the addition of 20 per cent sucrose
markedly stimulated growth. Maximum mold growth was
obtained in a 20 per cent nutrient sucrose solution at pH 4.4
containing 0.16 per cent acetic acid.
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