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Abstract

Xerophilic yeasts grow in intermediate moisture foods (a,,, 0.65-0.85) such as sugar syrups, fruit concentrates, jams
and brines. Non-osmophilic yeasts are enumerated by diluting in 0.1% peptone and then plated onto media such as
malt extract or glucose yeast extract agar. In the presence of moulds the yeasts are enumerated in dichloran rose
bengal chloramphenicol agar (DRBC). These procedures were demonstrated to be unsatisfactory for the enumeration
of xerophilic yeasts in low a, foods. Investigations using pure cultures of xerophilic yeasts as well as naturally
contaminated apple juice concentrates and glacé cherries have shown that a reduced a,, diluent, in particular 30% w/w
glycerol in combination with tryptone 10% glucose yeast extract agar (TGY) optimises the recovery of the yeasts,
especially sublethally injured cells. The inclusion of sodium chloride in either the diluents or the culture media was
not necessary to optimise the recovery of D. hansenii growing in 20% sodium chloride broths. © 1997 Elsevier Science
B.V.
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1. Introduction

Xerophilic yeasts grow below 0.85 «, and in-
clude Zygosaccharomyces rouxii. Z. bailii, Z. bis-
porus, Schizosaccharomyces pombe, Debaryoniyces
hansenii and Saccharomyces cerevisiae (Pitt, 1975;
Tilbury, 1980; Beuchat. 1987). Most of these
yeasts are known for fermentative spoilage of

* Corresponding author. Tel.: + 61 8 3023147; fax: + 6] 8
3023668,

products containing high sugar concentrations
(Tilbury, 1980; Pitt and Hocking, 1985). In addi-
tion. D. hansenii has the ability to grow in salt
concentrations as high as 24%, but more com-
monly 15-20% sodium chloride (Pitt and Hock-
ing, 1985). Some of these species are also
preservative resistant with Z. bailii and Schiz.
pombe being the two most commonly isolated
from spoiled foods (Pitt and Hocking, 1985). The
most xerophilic of the yeasts is Z. rouxii which
has been shown to grow at water activities as low
as 0.65 (Pitt and Hocking, 1985; Beuchat, 1987).
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Table 1

Recovery of sublethally injured xerophilic yeasts on various enumeration media using 30% glycerol as a diluent

Yeast" Log,, (viable count) Clys,
DRBC MY30G DGIS TGY

Z.rouxii FFR3669 383 4.40 4.40 4.40 3.98-4.54

Z.hailii FFR2227 4.85* 5.81 .89 5.67 509 6.03

D. hansenii FFR2577 S43% 6.96 6.91 6.98 5.82 7.32

S. cerevisiac USA931 3.02% 5.660 577 3.66 519 586

Schiz. pombe USA932 3.95% 5.41 5.54 3.82 4.36- 6.00

* Yeast cultures heated at 48°C for S min. stored at —20°C for 7 days. then heated at 48°C for § min.

* Below 95" confidence limits.

Xerophilic yeasts accumulate high concentra-
tions of glycerol as a response to low water activ-
ities (Brown. 1976, 1978). The glycerol is known
to protect enzymes at low «, and to serve as an
osmoregulator under water stress. If rapid
changes in the extracellular osmotic pressure oc-
cur, such as in a diluent. this may cause cell wall
rupture and death (Gould, 1989). Stressed or sub-
lethally injured cells are more likely to have a
reduced osmoregulatory capacity and be less able
to survive changes in osmotic pressure (Gould.
1989). Hence, in analysing intermediate moisture
foods. which have an «, in the range 0.60 -0.85
(Leistner and Rddel. 1976), yeasts present may be
inactivated by osmotic shock when these products
are diluted in high «, diluents such as 0.1%
peptone. Sublethally injured yeasts are less likely
to survive these procedures. This paper describes
some studies using a range of glycerol concentra-
tions as an osmoprotectant when preparing dilu-
tions of intermediate moisture foods for
enumeration of xerophilic yeasts. In particular.
the role of glycerol is investigated for sublethally
injured yeasts.

For enumerating yeasts from low «, foods. it is
not always essential to use a selective medium. If
a food has a water activity of 0.85 or less and
shows signs of spoilage, then the dominant yeasts
recovered must be xerophilic. However, if an in-
termediate moisture food is being screened for the
presence of xerophilic yeasts. a selective medium
is desirable. The disadvantage of a selective

medium is that an incubation period of up to 28
days may be required (Tilbury, 1980).

This study sought to determine whether media
higher than 0.95 «, could be used for rapid detec-
tion of xerophilic yeasts. The media used included
dichloran 18% glycerol agar (DGI8) used exten-
sively for the enumeration of xerophilic fungi
from foods (Hocking et al., 1992), which is ap-
proximately 0.955 «,: malt extract 30% glucose
(MY30G), developed as a glucose based medium
of similar water activity to DGIS; and tryptone
10% glucose yeast extract agar (TGY) which ev-
olved out of reports that xerophilic yeasts grow
more vigorously in 0% w/v rather than 2% w/v
sugar concentrations (Scarr and Rose, 1965).
These media were evaluated against dichloran
rose bengal chloramphenicol agar (DRBC) (King
et al.. 1979) the recommended medium for enu-
meration of normal yeasts in the presence of both
bacteria and moulds (Pitt et al., 1992). This paper
summarises studies carried out with a number of
pure cultures of typical xerophilic yeasts, includ-
ing Z. rouxii, Z. bailii, D. hansenii, Schiz. pombe,
and S. cerevisiae on these reduced «, media. In
addition, naturally contaminated reduced a,,
foods were included. The effectiveness of the dif-
ferent concentrations of glycerol in the diluents
were compared to 0.1% peptone, the diluent rec-
ommended for enumeration of yeasts from high
a, foods (Hocking et al., 1992). Based on the
studies reported here, a procedure for optimum
recovery of xerophilic yeasts from intermediate
moisture foods is proposed.
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Table 2

Recovery of xerophilic yeasts from apple juice concentrates and glace cherries on various enumeration media using 30% glycerol as

a diluent

Sample Log,, (viable count) Clys
DRBC MY3I0G DGIR TGY

AJC-9 S41% 593 390 5.88 5.54 6.03

AJC-10 4.71* 579 273 5.50 495 592

AlC-12 S.00% 5.69 3.63 5.57 S.16 579

AJC-14 5.08* 3.77 397 5.82 5.27 -6.05

AJC-15 S.42% 6.09 6.09 5.97 5.58 6.18

AJC-18 5.40* 5.93 S84 576 3.51 5.96

Glacé cherries Nil* 4.94 379 4.11 361 495

AJC. apple juice concentrates.
* Below 95" confidence limits.

2. Materials
2.1. Yeasts

The following species were studied: Debary-
omyees hansenii FRR 1570 (FRR denotes the
culture collection of CSIRO Division of Food
Science, North Ryde. NSW. Australia) from
salted fish eggs; D. hansenii FRR 2577 from salted
fish: Succharomyces cerevisiae USA 931 (USA
denotes the culture collection of University of
South Australia. Adelaide, SA. Australia) from
grape juice; Schizosaccharomyces pombe USA 932
from fruit based cordial: Zygosaccharomyces bailii
FRR 1299 from spoiled passion-fruit soft drink:
Z. bailii FRR 2227 from raspberry cordial:
Zygosaccharomyces rouxii FRR 3669 from table
wine; and Z. rouxii FRR 3681 from high fructose
corn syrup.

2.2, Mediu

The media used were DRBC («, > 0.997) (Pitt
and Hocking. 1985); DGI8 (u,. 0.955) (Pitt and
Hocking, 1985): malt extract yeast extract 30%
glucose agar (MY30G) (a, ~0.96). and TGY
(¢, ~0.987). The composition of MY30G com-
prises: malt extract, 1 g: yeast extract, 3.5 g: agar.
14 g: distilled water to 700 g: glucose, 300 g. The
composition of TGY is: tryptone. 5 g: yeast ex-
tract. 5 g; glucose, 100 g agar. 15 g: distlled

&

water to 1 | (Samson et al., 1992). The MY30G
was sterilized by steaming for 30 min on two
successive days, DRBC and DGIS were auto-
claved at 121°C for 15 min and TGY autoclaved
at 110°C for 10 min.

Yeasts were also grown in MY60G broths
(malt extract, 8 g; yeast extract, 2 g: glucose, 600
g: distilled water, 400 g) for recovery experiments.
Some cultures of D. hansenii were also grown in
malt extract broth (Oxoid, CM57) supplemented
with 15 or 20% sodium chloride.

2.3. Dilucnts

A number of diluents were assessed in this
study including 0.1% bacteriological peptone (Ox-
oid. L37): 10% w w glucose A.R.; 5. 10, 20 and
30% ww glycerol A.R.: 0.9. 3.0 and 20% w/w
sodium chloride A.R. All diluents were sterilized
for 15 min at 121°C.

2.4 Sumples

Six samples of apple juice concentrate (70°
Brix) which were showing signs of fermentative
spoilage. were diluted and enumerated on the four
test media. A sample of glacé cherries (68° Brix)
in a scaled plastic pouch which was grossly dis-
torted due to gas production. was also diluted and
cultured.
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Table 3

Effect of various diluents on the recovery of xerophilic yeast suspensions after being heated at 48 53°C for 5 min

Yeast Log,, (viable count) Clys.,
Peptone (0.1%) Glucose (10%) Glycerol (30%0)

Z rouxii FFR3681 2.70 377 3.66 271 4.05

Z.rouxii FFR3669 4.23 4.42 5.37 3.98-5.36

Z. bailii FFR2227 4.89 4.92 377 4.62-5.76

Z.bailii FFR1229 486 4.99 5.63 4.69-5.65

Schiz. pombe USA932 4.53 4.60 4.57 4.53-4.61

2.5. Growth in pure cultures

Z rouxii, Z builii, Schiz. pombe. S. cerevisiue
and D. hansenii were grown in 50% glucose
yeast extract broths before being plated out
onto the four test media DRBC., DGIS,
MY30G and TGY.

2.6. Stressed cultures

The yeast cultures were subcultured from the
50% glucose broths into 60% glucose broths and
incubated. Stationary phase cultures were then
subjected to 48°C for 5 min, cooled, stored at
— 20°C for 7 days, thawed and reheated at 48°C
for 5 min to produce some sublethally injured
xerophilic yeasts. These stressed cells were di-
luted in 30% glycerol, and plated onto the four
test media.

2.7. Evaluation of diluents

Diluents of decreasing water activity were pre-
pared using 5, 10, 20 and 30% w/w glycerol.
These diluents were compared to 0.1% peptone,
the reference diluent and 10% w:w glucose. To
evaluate the role of diluents only one culture
medium was required and TGY was selected be-
cause it produced the most rapid and typical
growth for the yeasts.

2.8, Salt tolerant species

The two cultures of D. hansenii were grown in
malt broths containing 15% w w NaCl and then

transferred to 20% w.w NaCl broths. These
broths. plus heat stressed broths, were then di-
luted in 0.9, 3.0 and 20% w/w sodium chloride
solutions. The broths were also diluted in 0.1%
peptone, 5 and 30% glycerol which had similar
water activities to the saline diluents.

3. Results

3.1. Growth of pure cultures

Preliminary investigations indicated that all
species tested produced medium size colonies on
TGY within 5 days at 25°C. In general, the
growth of the yeasts on DG18 was more vari-
able and weaker. colonies on MY30G were
slower to develop and Z. rouxii grew very
poorly on DRBC. When the 50% glucose broth
cultures of the yeast were diluted in 0.1% pep-
tone and plated out onto the four media, it was
not possible to demonstrate any reproducible
differences between the media for the enumera-
tion of the yeasts. although DRBC recovered
the lowest number for most of the yeast cul-
tures.

3.2, Stressed cultures

The recovery rate of stressed cells was lower
on DRBC (Table 1). The viable counts recorded
on MY30G, DGI8 and TGY were similar
(Table 1), although the colonies were larger and
more readily counted on TGY.
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Table 4

Effect of various diluents on the recovery of xerophilic yeasts from apple juice concentrates and glace cherries

Sample Log,, (viable count) Clyse,
Peptone (0.1%) Glucose (10%4) Glycerol (30%)

AJC-9 5.27 5.54 5.88 5.21-591
AJC-10 4.76% 5.49 5.50 4.77-5.73
AJC-12 496 5.14 3.57 4.87-5.57
AlC-14 5.07* 5.75 5.82 5.09-6.01
AJC-15 5.49 5.64 5.97 541 599
AJC-18 5.26 3.62 5.76 5.26--5.84
Glacé cherries 2.64% 3.74 4.11 2.80--4.20

AJC. apple juice concentrates.
* Below 95" confidence limits.

3.3. Concentrated foods

Viable counts of apple juice concentrate were
significantly lower on DRBC (Table 2) than on
the other three media. The viable counts observed
on the other three media were similar indicating
that the spoilage yeast Z. rouxii could be recov-
ered from a low «,, food equally well on MY 30G,
DGI8 or TGY. A yeast from spoiled glacé cher-
ries. identified later as Z. bailii, failed to grow on
DRBC (Table 2) but grew very well on the other
media, optimally on MY30G (Table 2).

These results indicate that recovery of xe-
rophilic yeasts either from low a, environments or
sublethally injured cells can be successful on
TGY. MY30G or DG 18 but not on DRBC.

3.4. Diluents

Preliminary experiments using yeast cultures
grown in 60% glucose diluted in all the various
test diluents showed no consistent trends for pro-
tection against osmotic shock. Similarly, stressed
cultures of Z. rouxii which were frozen at — 20°C
for 7 days in 60% glucose broths, thawed and
diluted in the various diluents showed no consis-
tent differences in recovery. When the xerophilic
yeasts were grown in 60% glucose broths and
heated at 48°C for 5 min, diluted and plated onto
TGY, it was possible to demonstrate that the
lowest recovery of yeasts occurred with 0.1% pep-
tone as the diluent (Table 3). This effect appeared

to be more dramatic with Z. rouxii (Table 3).
Similarly, when samples of apple juice concen-
trates or glacé cherries were homogenized and
diluted in 0.1% peptone, 10% glucose or 30%
glycerol. the poorest recovery of yeasts occurred
in 0.1% peptone as the diluent (Table 4). Com-
parisons between 10% glucose and 30% glycerol
do not show consistent differences, although the
average counts with 30% glycerol diluent are 70—
80% higher for both sets of results.

It was observed that for four of the test sam-
ples. increasing the glycerol concentration had a
significant and consistent protective effect on the
enumeration of yeasts from these osmotic envi-
ronments (Table 5). The results for the heat
stressed Z. rouxii FRR 3681. were very erratic,
but this may have been due to the very low
recovery rate of the yeasts after mild heat treat-
ment.

3.5. Recovery of a salt tolerant yeuast

In general, the counts for D. hansenii on TGY
after dilution with 30% glycerol were higher than
those observed with 0.9. 3.0 or 20% sodium chlo-
ride (Table 6). Furthermore, increasing the salt
concentration in the diluent did not enhance the
enumeration of either culture of D. hansenii de-
spite previous growth in 20% sodium chloride
(Table 6). For completeness, the addition of up to
10% sodium chloride in TGY was tested, but no
beneficial effects were observed in terms of enu-
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Table 5
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Effect of various glycerol concentrations in diluents used to enumerate xerophilic yeasts

Diluent Log,, (viable count)
Z. rouxii FFR Z. hailii FFR Z. rouxii FFR 3681 Glacé cherries Apple juice concentrate
3669¢ 227

Peptone (0.1") 4.42% 5.16* 1.70% 2.64* 4.6l

Glycerol (5%} 473 5.19 RN 2.96 4.60

Glyceerol (10%) 516 5.40 223 3.26 4.85

Glycerol (20%) 5.37 5.55 282 3.87 5.10

Glycerol (30%) 5.57** 572 2.36 4.11** 5.45%*

Clys. . 4.64--5.46 519 561 1.94 2.64 297 3.89 4.60-5.24

* Yeasts heated at 53°C for § min. stored —20°C for 7 days. heated 48°C for § min.

® Yeasts heated at 48°C for 5 min.
* Below 95% confidence hmits.
** Above the limits.

meration or quality of colony characteristics for
the salt enriched TGY compared to normal TGY.

4. Discussion

The xerophilic yeasts Z. rouxii, Z. builii, Schiz.
pombe, D. hansenii and S. cerevisiae all grew well
on TGY to produce distinct colonies within 5
days at 25°C. TGY is simple to prepare and to
sterilize in the autoclave at reduced pressure and
may be used for the growth of all yeasts, not just
the xerophiles. Yeasts may be enumerated from
high a, foods on TGY provided oxytetracycline
or chloramphenicol is added to the medium to
suppress the growth of bacteria (Hocking et al..
1992). For high «a, foods where yeasts must be
enumerated in the presence of moulds. DRBC is
preferred (Hocking et al.. 1992).

Although the xerophilic yeasts grew on DRBC,
growth was not as strong as that observed on
TGY, in particular Z. rouxii grew weakly. Stress
reduced the quantitative recovery of the yeasts on
DRBC. The poor recovery was probably due to
the low glucose concentration (1%) in the medium
as well as the presence of rose bengal and dichlo-
ran. DRBC is not normally recommended for the
enumeration of fungi from low «, foods because
some xerophilic fungi fail to grow (Hocking and
Pitt, 1980). This study confirms that DRBC can-
not be recommended for the examination of
yeasts or fungi from low a, commodities.

DGI8 is the best medium currently available
for enumeration of common xerophilic fungi
(Hocking et al., 1992) and in this study was
shown to support the growth of xerophilic yeasts
as well. The quantitative recovery of the stressed
osmophilic yeasts on DGI8 was not significantly
different from TGY, however the rate of colony
formation on DGI8 was slower because the
medium contains only 1% glucose. The presence
of 18% glycerol reduces the water activity to
approximately 0.955 and helps to protect the xe-
rophilic yeasts, but does not provide a substrate
which some yeasts readily assimilate (Barnett et
al., 1983).

MY 30G supported the growth of the yeasts and
recovered the stressed veasts equally as well as
TGY and DGIS. The 30% glucose provided
abundant substrate for the yeasts to grow but the
reduced water activity slowed their growth rates.
Compared to TGY. MY30G is more expensive to
prepare and sterilisation of this medium by auto-
claving may induce formation of furfural and
other Maillard reaction products (Tilbury, 1980:;
Nagao et al.. 1983: Shibamoto, 1983). These com-
pounds are thought to be inhibitory to the growth
of yeasts although Golden and Beuchat, 1992
were unable to demonstrate any inhibition on
heat stressed Z. rouxii.

TGY was shown to be the best medium for
rapid, distinct growth of xerophilic yeasts from
intermediate moisture foods. including the recov-
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Table 6

Effect of salt in diluents on the recovery of D. hansenii FRR1570 and FRR2577 grown in 20% sodium chloride malt broths

Diluent Log,, (viable count)

D. hansenii FRR1570 D. hansenii FRR2577

Normal Stressed Normal Stressed
Peptone (0.1%) 5.70 5.18* 6.78%* 6.44
NaCl (0.9%) S.69 3.21 6.54 6.31%
Glycerol (5%) 6.13%* 5.36 6.10* 6.40
NaCl (3%) 5.46* 5.23 6.33 6.53%*
Glycerol (30%) 6.30%* S.T1** 6.73%* 6.56%*
NaCl (20"4) 5.79 S15* 6.59 6.54%*
Clys, 5.67 6.09 519 35.52 6.36 6.70 6.38 -6.52

* Below 95" confidence limits.
** Above the limits.

ery of sublethally injured yeasts. It is suggested
that this medium be tested more extensively with
other xerophilic yeasts to ascertain whether it can
be universally recommended.

Based on the loss of yeast viability due to
osmotic shock observed in this study, the enumer-
ation of xerophilic yeasts from intermediate mois-
ture foods in 0.1% peptone is not recommended.
This study has demonstrated the protective effect
of glycerol. especially 30% w w glycerol in the
preparation of dilutions of yeasts from extremely
low water activity (a,. 0.81-0.82). or where the
xerophilic yeasts were sublethally injured. In el-
ther situation, it is presumed that the presence of
extracellular glycerol in the diluents helps to re-
lieve the strain on the osmoregulatory capacity
(Gould. 1989) of the yeast cells as they adjust
from a low to high water activity.

Although 20% glucose or sucrose have been
recommended as solutes in the diluents for enu-
meration of xerophilic yeasts (Tilbury, 1980), only
10°% glucose was used in this study. In general
10% glucose (a,. 0.99) was not as effective as 30%
glycerol (a,. 0.93) in protecting the yeasts. and
this could be attributed either to the lower «, for
the glycerol solution or the difference in the solute
molecule. Increased concentrations of glucose
were not tested because of the inconvenience of
sterilizing glucose solutions of greater than 20%
w;w. and secondly. the possible presence of in-
hibitory products from the heating of the sugar

solutions. Furthermore. a 45% w/w glucose solu-
tion. equivalent in a, to 30% w/w glycerol, is a lot
more viscous to handle, which does not enhance
the procedure for making accurate uniformly dis-
persed dilutions.

A brief examination of cultures of D. hansenii
demonstrated that although this yeast grows and
proliferates in brine solutions, sodium chloride in
diluents or culture media was not necessary for
optimal recovery of this yeast, even when sub-
lethally injured. Glycerol in the diluents was more
protective than sodium chloride at equivalent wa-
ter activities. D. hansenii is a halotolerant yeast
but as observed in this study, it is definitely not an
obligate halophile.

Based on the studies reported in this paper, it is
recommended that xerophilic yeasts from interme-
diate moisture foods be enumerated by homogeni-
sation and dilution in 30% w/w glycerol and then
plated out onto TGY. The yeasts can be counted
after 3 5 days incubation at 25°C. The yeasts
developing on TGY may include normal yeasts if
the low «, food is not spoiled and is being
screened for the yeast flora. In this case, the
different yeasts need to be subcultured and iden-
tified. Additional studies are required to deter-
mine if higher levels of glycerol than 30% would
be of value required to optimise the recovery of
stressed xerophilic yeasts, however it is antici-
pated that effects will be minor.
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