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Fermenting, pectolytic yeasts were isolated from a massive commercial out-
break of softening and gas-pocket formation in olives that had been stored in
acidified, low-salt brines in an attempt to reduce the problem of brine disposal.
The suspected yeasts represented three different species: Saccharomyces olea-
ginosus, S. kluyveri, and Hansenula anomala var. anomala. All pectolytic cul-
tures produced pectin esterase and polygalacturonase but no pectic acid trans-
eliminase when grown in nutrient glucose broth. Crude, cell-free dialyzed
enzyme preparations measured viscosimetrically exhibited optimal activity on

sodium polygalacturonate at pH 6.0 and 45 C and were active in the range of
pH 4.0 to 9.0 and 10 to 60 C.

For some time there has been increasing
concern in California about the disposal of
strong salt brines to prevent pollution of the
soil and underground and surface waters. In an
attempt to reduce the salt content in their
olive storage brines, one company resorted to
acidification with lactic acid to about pH 3.8
to 4.0 and used a brine of 3 to 4% instead of
the customary 6 to 7% sodium chloride. Then,
for some reason never revealed, the lactic acid
was replaced by a mineral acid. (The low total
titratable acidity values coupled with signifi-
cant increases in chloride ions indicated that
the unknown acidulant was hydrochloric acid.)
Because the pH values dropped well below the
level tolerated by the desirable lactic acid bac-
teria (as low as pH 2.6), the normal biological
sequence of fermentation was disrupted.
Yeasts, uninhibited by bacterial competition,
predominated and spoiled the olives by a
combination of gas-pocket formation and soft-
ening (Fig. 1).

This spoilage episode lead to the develop-
ment by Vaughn et al. (14) of a method of salt-
free storage for fruit to be used to make
canned ripe olives. This method involved the
use of a mixture of food-grade acetic and lactic
acids plus sodium benzoate in water to cover
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the olives. It soon became evident that
spoilage as described above would be a
problem unless the olives in the salt-free solu-
tion were placed under anaerobic conditions
throughout the period of storage. Otherwise,
pectolytic yeasts and other acid-tolerant fungi
thrived and caused deterioration of the olives
(14).

It is anticipated that brine storage will, in
time, be nearly completely replaced by the
salt-free storage method, and the rest of the
olives will be processed at harvest (direct cure
method). Because of the difficulty of main-
taining strictly anaerobic conditions, pectolytic
fermenting yeasts still pose a hazard to olives
in salt-free storage. Therefore, it is desirable to
describe the yeasts isolated from the commer-
cial outbreak, including their taxonomy, pecto-
lytic activity, and other characteristics of im-
portance.

MATERIALS AND METHODS
Isolation and identification of the yeasts. A

total of 100 tanks of olives was involved. The
spoilage ranged from 5% to approximately 97% based
on the examination of 100 olives by sight for gas
pockets and feel for softening. Samples of the acidi-
fied brines were collected for examination. Each one
was tested for pH, total acidity as grams of lactic
acid per 100 ml, and salt by hydrometry and chlo-
ride titration, and was examined under the micro-
scope to determine the predominant microbial popu-
lation. The samples were also plated on standard
plate count agar to determine a viable count, on
liver infusion-sorbic acid-agar to determine the pres-

316



FERMENTING YEASTS AND SPOILAGE OF OLIVES

FIG. 1. Gassy spoilage of olives. This defect is
commonly called "fish-eye" spoilage in the industry.

ence of lactic acid bacteria, on Levine's eosine-
methylene blue-agar to estimate the population of
gram-negative bacteria, and on acidified malt-agar
to obtain a "yeast" count. The standard plate count
and the yeast count were approximately equal and
agreed with the microscopic examination which sug-

gested yeasts as the cause of spoilage. Since the bac-
terial counts were negligible, a search was made for
pectolytic yeasts by using malt polypectate gel me-

dium (13). Pectolytic yeasts (those producing depres-
sions under and around the individual colonies)
ranged from 5 x 101 to 5 x 107 per ml; nonpecto-
lytic yeasts amounted to less than 105 per ml. Repre-
sentative pectolytic yeast cultures were isolated and
purified by appropriate restreaking on malt-agar (3).
The purified isolates were identified as to genus

and species by the procedures of van der Walt (10,
11) and Wickerham (16). Difco yeast carbon base
(YCB) and Difco yeast nitrogen base (YNB) were the
basal media used for the study of nitrogen and
carbon compound utilization. Salt tolerance and the
effect of the initial pH of the medium on growth
were determined as described by Vaughn et al. (15).
Preparation of enzyme solutions. Pectolytic

enzyme production was tested in several different
media. The three best media, basal nutrient broth
containing 1% glucose, 0.25% pectin N. F., or 0.25%
sodium polypectate (w/v) were chosen for crude,
cell-free enzyme production. The pH value of all
three media was adjusted so that it was 6.0 4 0.1
after sterilization. The glucose medium was made by
sterilization of the standard nutrient broth in the
autoclave at 15 psi (approx. 121 C) and the glucose
solution by filtration. Then the requisite amount of
sterile glucose solution was added aseptically to the
basal broth. The other two media were also sterilized
at 15 psi but with the substrate present when heated.
After growing different cultures in the media for
various times, the cells were removed by centrifuga-
tion and the supernatant cell-free fluid was dialyzed
against distilled water for 24 hr or more at 5 C. The
dialyzed preparation was lyophilized and brought
back to the desired volume with distilled water when
used.

Determination of pectolytic activity. One of the
primary objectives of this study was the association

of the fermenting yeasts with the softening of olives
in brine. Therefore, qualitative methods generally
were used to determine the pectolytic activity of the
enzymes the fermenting yeasts produced rather than
attempting an extended quantitative study of them.

Pectin esterase and polygalacturonase production
were demonstrated by the modified cup-plate assay
described by Nagel and Vaughn (5). No attempt was
made to quantitate pectolytic enzyme production by
the cup-plate assay because it was believed that
demonstration of degradation of pectic substrates
and the softening of olives by the crude enzymes was
sufficient. Instead, the effects of temperature and
pH on the activity of the crude, cell-free enzyme
preparations were determined by measuring changes
in the viscosity of pectic substrates induced by the
enzymes. These measurements were made with an
Ostwald-Cannon-Fenske capillary viscosimeter
under carefully controlled conditions (6). The end
products of degradation also were determined by
paper chromatography with n-butyl alcohol-water-
acetic acid (4:3:2) as the solvent system. The degra-
dation products were determined on descending
chromatograms with Whatman no. 4 paper devel-
oped for 18 to 24 hr at room temperature. End prod-
ucts on the chromatograms were located by spraying
with a silver nitrate reagent (9) or by the method of
Demain and Phaff (2).

In vitro softening of olives. Small size Manzan-
illa variety olives from commercial storage were
placed in 400-ml flasks and covered with a brine
containing 6.5% NaCl and a mixture of lactic and
acetic acids yielding a total acidity of 0.4% (w/v)
calculated as lactic acid and a pH value of 4.0. TMe
flasks were plugged with cotton and steamed for 1 hr
on 3 successive days with a temperature in the
center of the brine of at least 70 C. After cooling, a
filter-sterilized glucose solution was added to the
olives and brine to give a final concentration of 5%
(w/v) glucose in the brine at time of addition of the
sugar.

After at least 4 days of incubation at room tem-
perature to check for sterility, the flasks were inocu-
lated with selected yeasts and incubated at 20 C.

After various intervals up to 20 days, the olives
were examined visually for gas-pocket formation and
evidence of softening by feel. In some instances, the
olives were tested for firmness with the Christel tex-
turometer as described by Vaughn et al. (15).

RESULTS
All of the cultures investigated were fermen-

tative, sporogenous yeasts classified as mem-
bers of the genera Hansenula or Saccharo-
myces because of their individual characters
concerning spore formation and fermentative
and oxidative abilities.

Species allocation. Three species in the two
genera were identified. Most of the cultures, 49
of 63, had the characteristics of Saccharomyces
oleaginosus Santa Maria 1958. One culture was
determined to be S. kluyveri Phaff, Miller et
Shifrine 1956. The remaining 13 cultures were
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found to be representative of Hansenula an-

omala (Hansen) H. et P. Sydow 1891 var.

anomala. It is interesting that all cultures in-
vestigated conformed exactly to all of the key
characteristics of the standard description of
each of the three species identified (11, 16).
Components of the olives and brines as

substrates. Compounds known to be present
in olives and their brines which could serve as

substrates for yeasts included fructose and
glucose; ethanol and mannitol; acetic, lactic,
succinic and citric acids; the alkaline hydrol-
ysis products of the bitter glucoside oleuro-
pein, including arabinose and glucose and dif-
ferent phenolic compounds; olive oil; and
pectin. The phenolic products were not tested
as possible substrates because known samples
were not available in the quantities needed to
test all cultures. Most of the other compounds
listed except the lower oligouronides of pectin
degradation supported growth of the yeasts if
the pH and temperature were favorable.
The lower oligouronide breakdown products

of pectin or polygalacturonic acid were not
used as a sole source of carbon in YNB broth
or agar even though growing cultures produced
pectolytic enzymes in standard nutrient broth
containing glucose, pectin N. F., or sodium
polypectate. These observations further
strengthen the idea that yeasts, although pro-
ducing lower oligouronides from pectin, are
unable to degrade them to the same extent as
many of the pectolytic bacteria (4, 15).

Salt tolerance. Although the yeasts in this
study were isolated from acidified, low-salt
brines, it was thought desirable to determine
their salt resistance to help increase our
knowledge of their ability to grow in concen-
trations of NaCl commonly used with brines
for olives and other produce. The results found
in Table 1 show a significant difference in the
salt tolerance of the three species. All of the
cultures of H. anomala var. anomala grew in
the presence of 10% NaCl, 11 of them grew in
12% salt (nearly the highest concentration
commonly used in the world for storage of oli-
ves), 8 in 14% salt, and 6 in 16% NaCl. In con-

trast, the cultures of S. kluyveri and S. oleagi-
nosus were much less resistant (Table 1).
pH tolerance. As might have been ex-

pected, all of the cultures, regardless of spe-

cies, grew between pH values of 2.35 and 8.00
in McIlvanie's buffer with 0.5% glucose. All
grew rapidly in the range ofpH 3.0 to 6.5.

Pectolytic enzyme activity. All of the cul-
tures comprising the three species identified in
this study grew on malt or nutrient polypec-
tate gel and produced depressions under and
around the periphery of the individual colonies
and gave positive qualitative tests for produc-
tion of pectin esterase and polygalacturonase.
However, when using the quantitative parame-
ters for demonstration of pectin esterase and
polygalacturonase activity, it was impossible
to demonstrate pectolytic activity with any of
the cultures of H. anomala var. anomala. In
contrast, it was easy to quantitate pectolytic
activity of the cultures of S. kluyveri and S.
oleaginosus by use of the viscosimeter.

Crude, cell-free enzyme preparations of S.
kluyveri culture no. 138 and S. oleaginosus cul-
ture no. 208 were found to cause greatest ac-
tivity at 45 C with polygalacturonate or poly-
pectate as substrates (Fig. 2). The crude en-
zyme preparations of these cultures were ac-
tive over the range of temperatures normally
associated with brined olives (10 to 50 C). Both
species exhibited nearly the same polygalactu-
ronase activity as measured by viscosimetric
measurements. Use of all prior expertise failed
to establish distinguishable polygalacturonase
activity with any of the cultures of H. anomala
var. anomala. It may be that the observed de-
pression formation on the polypectate gel is a

physical rather than a biological change. It also
may be that the observed positive qualitative
tests for pectin esterase and polygalacturonase
for the cultures of H. anomala var. anomala
were artifacts. In any event, one must con-
clude that there is no prime evidence that any
of these latter cultures are pectolytic.

Softening of olives. The cultures of S. kluy-
veri and S. oleaginosus caused softening of ol-
ives under in vitro conditions, with or without

TABLE 1. Salt tolerance of the fermenting yeasts

No. of cultures" grown at NaCl concn (% w/v)
Specie

2 4 6 8 10 12 14 16 18

H. anomala var. anomala (13 cultures) 1..3a 13 13 13 13 11 8 6 0
S. kluyveri (1 culture) ........ .......... 1 1 1 0 0 0 0 0 0
S. oleaginosus (47b cultures) ...... ...... 47 45 22 21 1 0 0 0 0

a Number of cultures growing in 2 weeks at 30 C.
b Two cultures were lost at the time this study was made.
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FIG. 2. Effect of temperature on polygalactu-
ronase activity of S. kluyveri and S. oleaginosus.
Reaction time, 30 min.

added glucose. This softening ability was in-
hibited in covering brines containing more

than 6% NaCl or more than 0.1% actual acetic
acid as part of the total acidity. (In normal
storage of Spanish-type fermentation brines,
the quantity of acetic acid may amount to as

much as 50% of the total acidity.) The cultures
of H. anomala var. anomala did not cause soft-
ening of olives under any of a variety of condi-
tions tested. A more detailed study of Roby
and Vaughn (unpublished data) confirmed this
observation.

Gas-pocket formation was pronounced when
any culture of the three species was grown in
sterile olives covered with a brine containing
5% glucose.

DISCUSSION
The first reports of pectolytic activity by

yeasts apparently were made by Cruess and
Douglas (1) and Roelofsen (7) in 1936 (July and
October, respectively). However, it was not
firmly established until 1951 that yeasts some-

times did possess pectolytic activity. The work
of Luh and Phaff (4) was reported and later
confirmed by Roelofsen (8) in a reiteration of
his 1936 publication, originally published in an

obscure journal in the Dutch language.
Yeasts may be of considerable nuisance in

the olive industry. Film-forming yeasts are

especially notorious, for they rapidly oxidize
the desirable acidity in the brines of storage
Sicilian-style and Spanish-type olives if not
controlled. Under conditions of abnormal
growth, these same yeasts impart an undesir-
able yeasty taste to Sicilian- and Spanish-type
green olives, especially when partially filled
containers are refrigerated after opening. Quite
frequently, fermenting yeasts cause a disrup-
tion of the normal lactic acid fermentation of

Spanish-type green olives in California known
as "stuck" fermentations. Although this phe-
nomenon has been described by Vaughn et -al.
(12) and control measures are known, the iden-
tity of these yeasts still is lacking.
Only recently has it been demonstrated that,

besides their nuisance value, yeasts can cause
considerable spoilage with consequent eco-
nomic loss through their pectolytic activity. It
has been established that species of Rhodoto-
rula cause stem-end softening of olives in
brines stored for processing as California
canned ripe olives or in Sicilian- and Spanish-
type green olive fermentations (15). The
present report describes three other species of
yeasts isolated from spoiled olives. Two spe-
cies, S. oleaginosus and S. kluyveri, are pecto-
lytic and cause severe softening. Although not
similar to commercial conditions, pronounced
gas-pocket formation was produced by all
three species in sterile olives covered with a
brine containing 5% glucose. Since this defect
produces unsalable fruit, cultures of H. an-
omala var. anomala may be of significance in
the spoilage of olives even though they were
shown not to cause softening. Perhaps other
species are also involved, for 37 cultures of
yeasts were lost in an accident early in the
study.
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