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Salts of three metals were used in a sugar-based nutrient medium to distinguish contaminant from
productive yeast strains. Growth in bismuth cultures proved most useful in this context, offenng
a degree of distinction readily seen between useful and nonuseful Saccharomycetes. All yeast
species reduced potassium tellurite, while sodium selenite was characteristically inhibitory to most
strains. From the results, it appears that the reduction process is linked to respiratory metabolism.

INTRODUCTION

Microbiological environmental control in the fermented beverage industry is necessary
to prevent and eliminate any contaminant organisms that may enter the system. Since
fermented beverages such as wines, ales, and lagers are made from fruit musts and
malt worts, they provide an abundant source of proteins and carbohydrates that can
support a wide variety of microorganisms. Each product usually is fermented by a
single strain of one yeast species that produces a unique combination of metabolites.
These give each product its own particular flavor. Since the flavor is produced by
known yeast strains, all other strains—even of the same species—must be considered
as contaminants.

Fermented beverages are either pasteurized or filter-sterilized prior to bottling. How-
ever, these procedures do not eliminate the accumulation of metabolic products that
contaminant organisms can produce during fermentation. The consequences of the
presence of extraneous metabolites can include production of bad odors, off flavor, or
turbidity in the final product. The beverage therefore must be monitored during all
stages of production. Not only must the contaminant organisms be eliminated but their
source must be determined as well, to prevent further contamination. Since the fer-
mented beverage industry is marketing essentially unique and reproducible flavors,
these are basic and necessary measures in maintaining the integrity of each specific
product. Therefore, it is essential to monitor the sequence of events during the man-
ufacture of fermented beverages microbiologically in order to prevent subsequent prod-
uct deterioration. ,
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Ideally, detection devices should discriminate between contaminants and purpose-
fully used organisms. Recently, Lee et al. (1975) introduced a medium that differentiates
Saccharomycetes from lactobacilli and coliforms. However, this medium does not
differentiate between Saccharomyces carlsbergensis and contaminating members of
the same genus. Nickerson (1954) introduced bismuth salts into traditional mycotic
media to distinguish pathogenic from nonpathogenic Candida species. Neither of these
media distinguish between useful Saccharomycetes and contaminating species of the
same and other genera.

The use of visual reduction of certain substances as a microbiological indicator of
numbers and growth has had demonstrated utility, e.g., methylene blue (APHA 1960:
Rossmoore 1971), resazurin (APHA 1967), and tetrazolium salts (Hill et al. 1967; Pegram
1969). Many metal salts have been studied and developed for clinical and industrial
use. In addition, several metal salts have been used for selective and differential media.
The toxic nature of selenium compounds to a wide variety of cells has been well
documented (Bonhorst 1955; Painter 1941). Nickerson and Falcone (1963) charactenzed
the enzymatic reduction of sodium selenite and subsequently developed a medium
(Falcone and Nickerson 1963) for characterizing the contaminants of baker’s yeasts.
Several products are presently available for estimating bacterial and fungal numbers.
One product (Mycostix™, Ames Co., Elkhart, IN) utilizes reduction of potassium
tellurite which is proportional to the inoculum size (Rossmoore and Rossmoore 1976).
and a device (Microstix-Candida™, Ames Co.) based on Nickerson's medium (Nick-
erson 1954) has been developed for detecting clinical isolates of Candida.

It is the purpose of this study to examine metal reduction as the basis for diffcrentiating
Saccharomycetes yeasts from Cryptococcaceae and also differentiating the Sacchar-
omyvcete used in beverage fermentation from those that are of no commercial importance.
Media containing tellurite and bismuth salts as well as selenite were used with growth
conditions in which oxygen levels were varied, in an attempt to derive characteristic
patterns of reduction for each of the metal salts. By using these results and those of
carbohydrate assimilation tests, the Saccharomycete yeasts were differentiated from
the Cryptococcaceae. In some instances, it was even possible to differentiate yeast
species used by the fermented beverage industry from those of no commercial signif-
icance and qualify the metabolic requisites for metal reduction.

MATERIALS AND METHODS

Eighteen different yeast isolates were used in these experiments, some of which had
duplicate species designations. They were obtained from culture collections of Wayne
State University (Dept. of Biology. Detroit, MI), the Stroh Brewery Company (Detroit.
MD). and the USDA (Beltsville, MD). Of these, nine species were Saccharomycetes.
three were identifiable Cryptococcaceae . and the six USDA isolates from sewage sludee
were sent to us unidentified and presumptively were included with the Cryprococcac e
on the basis of primary casual observation. Stock cultures were maintained on S
bouraud dextrose agar (SDA. Difco Corp.) and cells were grown in malt ycast peptony
glucose broth (MYPG) at 32 C and transferred every 48 h until ready for use.

Selection of appropriate sugars for reduction studies. The purpose of this initial sl
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and. secondarily. to identify the major taxa of the six unidentified yeasts. Wickerham
assimilation media (Wickerham 1951) was used with each of seven carbohydrates (at
1% concn): maltose. sucrose. raffinose, cellobiose, trehalose, gentiobiose, and lactose.
The media were dispensed into 9 x 50 mm Petri dishes (Falcon Plastics, Oxnard. CA)
and the surface was inoculated with five drops of cell suspension. Yeast suspensions
were prepared from the MYPG broth cultures by transferring them with Pasteur pipet
to 5 ml of sterile, distilled water. A cell suspension of 10% to 107/ml was obtained by
adjusting the si'spension to just below a | + reading on a Wickerham card. Positive
reactions on the assimilation agars were denoted by growth accompanied by color
changes in the indicator, bromcresol purple to yellow for a positive reaction. The agar
reactions, i.e., growth and color changes, were read from 2 to 6 days thereafter.

Reduction of metal salts. The second set of experiments was designed to differentiate
the test organisms on the basis of their ability to reduce metal salts in the presence of
aerobic and oxygen-deficient atmospheres. Three metal salts were used: sodium se-
lenite, potassium tellurite, and bismuth ammonium citrate. The media containing these
metal salts were made according to the formulae of Falcone and Nickerson (1963),
Nickerson (1954), and Rossmoore and Rossmoore (1976) which follows: Trypticase
10.0g; yeast extract 5.0 g; maltose 30 g: K:HPO, 5.0 g; potassium tellurite 20 ml of a
19 solution; and Gentamicin 10 ml of a 500 pg/ml solution.

Media in which metal reduction was studied were dispensed into 15 x 100 mm Petri
dishes and surfaces were inoculated with the yeasts. Two sets of test organisms were
used for each reduction metal. One set was grown aerobically in prescription bottles
half filled with MYPG broth. They were loosely capped and shaken continuously on
a Vortex Genie mixer(Vortex, Evanston, IL). The second sets of veasts were inoculated
into bottles filled completely, then capped. They were then incubated without agitation.

For testing metal reduction, 48-h cells from each set of cultures were transferred
with Pasteur pipet to 5 ml of sterile, distilled water. The cell suspension was then
adjusted to between 10% and 107/ml, as previously described. One milliliter of each
culture suspension was added to the surface of each of the three metal reduction media.
The suspension was spread over the agar surface with a sterile, bent glass rod. Plates
utilizing each set of cultures were incubated either in the ambient atmosphere or in
anaerobic jars (Gaspak, Baltimore Biological Lab, Cockeysville, MD) after having
been overlaid with the appropriate reduction agar. All of the reduction plates were
scored daily from 1 to 4 days to determine the extent of reduction.

Each metal salt displayed a particular range of colors during the reduction reaction.
The reactions ranged from pale orange to red for selenite, tan to dark brown for bismuth,
and light gray to light brown to black for tellurite. To obtain comparable data, we
calibrated each reduction reaction from 1+ to 4+ on the basis of the degree of color
development, assigned each value to a set of standard color blocks, and used them as
a basis for evaluation.

Use of dehvdrated media dip strip for quantitating viable yeast. Mycostix™ (Ames
Co.) have been used successfully to detect filamentous fungi on the basis of tellurite
reduction. They were evaluated here on 13 of the 18 isolates described previously.
Yeast cells were counted from MYPG broth in SDA and also in a Levy hemocytometer
chamber. A Mycostix™ test strip was immersed for § sec in each of the serial dilutions
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prepared for the plate count and incubated in individual zip-lock pouches accompanying
the strips. These were incubated at 32 C with the agar plate count sets.

Metabolic level of metal reduction. In order to determine the possible site of metal
reduction by the yeast isolates used, S. cerevisiae and C. mycoderma were grown and
added to pour plates of the appropriate metal reduction medium at levels described
earlier. After hardening, to each plate was added a series of half-inch filter paper discs
containing varying levels (107 to 10~% molar) of sodium iodoacetate or sodium. azide.
These plates were then incubated at 32 C and observed daily for the presence or absence
of reduction zones surrounding the impregnated discs.

REsSuULTS

For ease of interpretation, the yeasts are arranged in the tables according to their source
and use. The first group are the Saccharomycetes used in the fermentation of wines,
lagers, and ales: Saccharomyces ellipsoideus, S. carlsbergensis, and S. cerevisiae.
Members of the second group also belong to the genus Saccharomyces, but are those
that have been found as brewery contaminants. The third and fourth groups are all
Cryptococcaceae, contaminants of fermented beverages, and isolates from a biological
waste-treatment facility. The third group consists of Torulopsis formostatii, Candida
mycoderma, and Candida guilliermondii. The fourth group, unspeciated, are identified
by the USDA strain number.

Selection of appropriate sugars for assimilation studies. Table 1 illustrates the patterns
of carbohydrate fermentation by 18 yeast strains. All of the positive reactions (i.e.,
growth accompanied by acid production) occurred within 4 days, unless otherwise
indicated. This experiment reaffirmed that the Saccharomycetes and the Cryptococ-
caceae have different carbohydrate assimilation patterns. As expected, organisms of
the genus Saccharomyces utilized maltose, sucrose, and raffinose (S. willianus also
showed a weak tendency to assimilate gentiobiose). The Cryprococcaceae assimilated
maltose, sucrose, trehalose, and gentiobiose within 4 days. In addition, some members
of the order utilized raffinose and cellobiose, as indicated.

In an attempt to speciate the six unknown yeast strains, all samples were inoculated
onto Uni-Yeast-Tek plates (Corning Medical Diagnostics, Roslyn, NY), a system for
the isolation and identification of medically important yeasts. The results of those tests
(excluding sugar assimilation results) are also presented in Table 1. None of our yeasts
produced urease or converted nitrates to nitrites. However, several organisms were
capable of digesting soluble starch.

Reduction of metal salts. Data from the reduction of selenite, tellurite, and bismuth
salts are presented in Tables 2 and 3, 4 and 5, and 6 and 7, respectively. Whenever
growtn occurred on sodium selenite, it was sparse and the colonies produced were
small, making color differentiation difficult (Fig. 1). It was possible to distinguish
differences between Group 1 and Groups 2, 3, and 4 by using aerobically grown cells
and an aecrobic reduction system. After incubation for 96 h, the Group 2, 3, and 4
cultures had reduced sodium selenite to a greater degree than those of Group 1. It was
found that the degree of selenite reduction was difficult to assess in all cases. This was
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VABLE 2. Reduction of sodium selenite by setected veasr strains—aerohically grown cells

Acrobic Reduction Anaerobic Reduction
Organism 24 h 48 h 96 h 24 h 48 h 9 h
Group |
Saccharomvces cerevisiae (W) G I+ I+ NG NG NG
Saccharomyces ellipsovideus, (S) 1+ 1+ 1+ NG NG NG
Saccharomyces ellipsoideus,(S) G G G NG NG NG
Saccharomyces carisbergensis (S) G G 1+ NG NG NG
Group 2
Saccharomyces willianus (S) 1+ 3+ 4+ G G I+
Saccharomyces diastaticus, (S) 1+ 2+ 4+ G G G
Saccharomyces diastaticus, (S) I+ 1+ 2+ G G I+
Saccharomyces pastorianus, (S) 2+ 2+ 4+ G G 1+
Saccharomyces pastorianus, (S) 2+ 4+ 4+ G G I+
Group 3 .
Torulopsis formosiatii (S) 2+ 2+ 3+ G G I+
Candida mycoderma (S) 2+ 2+ 3+ G 1+ 2+
Candidu guilliermondii (W) 1+ 3+ 3+ G G 2+
Group 4
USDA Strain 21-6 (U) G 1+ 3+ G G 1+
USDA Strain 28-2 (U) G G 2+ G G G
USDA Strain 29-11 (U) G 1+ 2+ G G G
USDA Strain 35-7 (U) G I+ 3+ G G 2+
USDA Strain 81-2 (U) I+ 2+ 3+ G G G
USDA Strain 123-1 (U) G G 2+ G G G

NG = no growth.

G = growth without reduction.

I+ = reduction to pale orange.

2+ = reduction to orange.

3+ = reduction to dark orange.

4+ = reduction to red.

(W) = Wayne State University culture collection.
(8) = Stroh Brewery Co. culture collection.

(U) = USDA culture collection.

o

undoubtedly due to the toxic nature of even small amounts of selenite, as has been
well documented (Bonhorst 1955; Painter 1941). The toxic effect appeared to be en-
hanced by oxygen-deficient conditions of either growth or reduction.

The yeasts seemed to be more resistant to the toxic properties of tellurite than
selenite, since growth was inhibited in only one case. The Cryprococcaceae showed
a tendency to reduce tellurite more rapidly and to a greater extent than the Sacchar-
omycetes. However, the differences in visual reduction were not distinct enough to
allow marked differentiation between the four groups (Fig. 2). The reduction of po-
tassium tellurite was most rapid and complete when aerobically grown cells were used.
Both aerobically and oxygen-deficient-grown cells exhibited a loss of reductive capacity
in the anaerobic reduction system.



TABLE 3. Reduction of sodium selenite by selected veast strains—anaerobically grown cells

Aerobic Reduction Anaerobic Reduction

Organism 24 h 48 h 96 h 24 h 48 h 9% h
Group |

Saccharomyvces cerevisiae (W) NG NG NG NG NG NG
Suaccharomyces ellipsoideus, (S) NG NG NG NG NG NG
Saccharomyces ellipsoideus, (S) NG NG NG NG NG NG
Saccharomyces carlsbergensis (S) NG NG NG NG NG NG
Group 2

Saccharomyces willianus (S) NG NG NG NG NG NG
Saccharomyces diastaticus, (S) NG NG NG NG NG NG
Saccharomyces diastaticus, (S) NG NG NG NG NG NG
Saccharomyces pastorianus, (S) NG NG NG NG NG NG
Saccharomyces pastorianus, (S) NG NG NG NG NG NG
Group 3

Torulopsis formostatii (S) NG NG NG NG NG NG
Candida mycoderma (S) NG NG NG NG NG NG
Candida guilliermondii (W) NG NG NG NG NG NG
Group 4

USDA Strain 21-6 (U) NG NG NG NG NG NG
USDA Strain 28-2 (U) NG NG NG NG NG NG
USDA Stmain 29-11 (U) NG NG NG NG NG NG
USDA Strain 35-7 (U) NG NG NG NG NG NG
USDA Strain 81-2 (U) NG NG NG NG NG NG
USDA Strain 123-1 (U) ’ NG NG NG NG NG NG

NG = no growth.

G = growth without reduction.

1+ = reduction to pale orange.

2+ = reduction to orange.

3+ = reduction to dark orange.

4+ = reduction to red.

(W) = Wayne State University culture collection.
(S) = Stroh Brewery Co. culture collection.

(U) = USDA culture collection.

Bismuth did not appear to be toxic to any of the yeast strains since growth was
observed in every case. Again, a diminished degree of reduction activity was seen with
cells that either were grown or reduced in an oxygen-deficient system. Bismuth salt
reduction showed the most distinct difference between the four groups of organisms.
Aerobically grown cells of Groups 2, 3, and 4 exhibited a great capacity for reduction
in the aerobic system. Under the same conditions the Group 1 yeasts reduced bismuth
minimally, if at all (Fig. 3). Yeasts grown in an oxygen-deficient atmosphere and reduced
in the aerobic system showed the same pattern. However, the differences were not
distinct enough to allow a clear differentiation in the latter case.

The use of Mycostix™ for yeast quantitation. The Mycostix™ readings based on degree
of tellurite reduction did not differ with the results obtained on tellurite-containing agar



TABLE 4. Reduction of potassium tetlurite by selected veast strains—aerobically grown cells

Aerobic Reduction Anaerobic Reduction
Organism 24 h 48 h 96 h 24 h 48 h 96 h
Group 1
Saccharomvces cerevisiae (W) 2+ 3+ 3+ G G G
Saccharomyces ellipsoideus, (S) G I+ I+ G G G
Saccharomvcees ellipsoideus , (S) 1+ 2+ 3+ G G G
Saccharomyces carlsbergensis (S) 1+ 2+ 3+ G G G
Group 2
Saccharomvees willianus (S) 1+ 2+ 3+ G G I+
Saccharomyces diastaticus, (S) 2+ 2+ 3+ G 1+ 2+
Saccharomyces diasiaticus, (S) 2+ 2+ 3+ G G 2+
Saccharomyces pastorianus, (S) G 1+ 3+ NG NG NG
Saccharomyces pastorianus, (S) I+ 1+ 3+ G G 2+
Group 3
Torulopsis formostatii (S) 2+ 3+ 4+ G G 2+
Candida mvcoderma (S) G 1+ 2+ G G 2+
Candida guilliermondii (W) G 1+ 3+ G G 2+
Group 4 ‘
USDA Strain 21-6 (U) 1+ 2+ 2+ G G 1+
USDA Strain 28-2 (1) G I+ 3+ G G I+
USDA Strain 29-11 (U) 1+ 2+ 2+ G 1+ 2+
USDA Strain 35-7 (U) 1+ 2+ 2+ G G 1+
USDA Strain 81-2 (U) G 2+ 3+ G 1+ 2+
USDA Strain 123-2 (U) 2+ 3+ 4+ G I+ 2+

NG = no growth.

G = growth without reduction.

1+ = reduction to gray/light gray.

2+ = reduction to dark gray/light brown.

3+ = reduction to brown/dark brown.

4+ = reduction to black.

(W) = Wayne State University culture collection.
(S) = Stroh Brewery Co. culture collection.

(U) = USDA culture collection.

since all of the yeast species were capable of reducing tellurite, although some apparently
to a greater extent than others (Figs. 2 and 4). In contrast to studies with filamentous
fungi reported (Rossmoore and Rossmoore 1976), yeasts were much more deliberate
in producing maximal tellurite reduction (Table 8). Thus, several of the species took
as long as 10 days to reach maximum reduction. Certainly this lengthy incubation period
could limit the utility of this device for quantitation of yeast levels. However, it also
may be possible to recalibrate this system based on a shorter incubation time.

Effects of metabolic inhibitors on metal reduction. From the differential results obtained
from aerobic and anaerobic studies on metal reduction, it appeared that reduction is
coupled to the presence of molecular oxygen. Results with the inhibitors (Table 9) are



TABLE §. Reducticn of potassium tellurite by selected yeast strains —anaerabically grown cells.

Aerobic Reduction Anaerobic Reduction
Organism 24 h 48 h 9 h 24 h 48 h 96 h
Group 1
Saccharomyces cerevisiae (W) G 1+ 3+ G G G
Sacchuromyces ellipsoideus, (S) G 2+ 3+ G G G
Saccharomyces ellipsoideus, (S) G 3+ 3+ G G G
Saccharomyces carlsbergensis (S) G 1+ 2+ G G G
Group 2
Saccharomycees willianus (S) G G 2+ G G G
Saccharomyces diastaticus, (S) G 2+ 3+ G G 1+
Saccharomyces diastaticuss (S) G 2+ 3+ G G 1+
Saccharomyces pastorianus, (S) G G 2+ NG NG NG
Saccharomyces pastorianus, (S) G 1+ 3+ G G G
Group 3
Torulopsis formostatii (S) 1+ 2+ 2+ G 1+ I+
Candida mycoderma (S) G G 2+ G G 1+
Candida guilliermondii (W) G 1+ 2+ G G 1+
Group 4
USDA Strain 21-6 (U) G I+ I+ G G 1+
USDA Strain 28-2 (U) G 1+ 2+ G G 1+
USDA Strain 29-11 (U) 1+ 1+ 2+ G G 1+
USDA Strain 35-7 (U) 1+ I+ 2+ G G G
USDA Strain 81-2 (U) G G 2+ G G G
USDA Strain 123-1 (U) 2+ 2+ 2+ G G 1+

NG = no growth.
G = growth without reduction.

1+ = reduction to gray/light gray.

2+ = reduction to dark gray/light brown.
3+ = reduction to brown/dark brown.
4+ = reduction to black.

(W) = Wayne State University culture collection.
(S) = Stroh Brewery Co. culture collection.
(U) = USDA culture collecton.

not so clear-cut due to the innate toxicity and varied metabolic sites of activity of the
two inhibitors used.

With S. cerevisiae, sodium azide inhibits reduction of potassium tellurite and this is
similar to the reduction noted when this species was grown anaerobically (Table 4).
Jodoacetate also inhibits reduction, possibly indicating a dependence on glucose oXi-
dation in tellurite reduction. The effect of inhibitors on bismuth salt reduction was most
interesting and less amenable to explanation. The highest concn (10-3) of both sodium
azide and iodoacetate had less reduction than the control and, in fact, no reduction at
all was noted surrounding the disc. There was minimal reduction near the 10* area in
the azide, with a greater degree of reduction surrounding the lowest concn of azide.



TABLE 6. Reduction of bismuth ammonium citrate bv selected veast strains—aerobically grown cells

Acrobic Reduction Anaerobic Reduction
“rganism 24 h 48 h 96 h 24 h 48 h 96 h
Group |
Saccharomyces cerevisiae (W) G I+ 1+ G G G
Saccharomyces ellipsoideus, (S) G G G 1+ 1+ 3+
Saccharomyces ellipsoideus, (S) G G G I+ 24+ 2+
Saccharomyces carlsbergensis (S) G G I+ G G G
Group 2
Saccharomyces willianus (S) 2+ 4+ 4+ G G 1+
Saccharomyces diastaticus, (S) 2+ 3+ 3+ I+ 1+ 2+
Saccharomyces diastaticus, (S) 2+ 3+ 4+ I+ 2+ 2+
Saccharomyces pastorianus, (S) 2+ 3+ 4+ I+ 2+ I+
Saccharomyces pastorianus, (S) 3+ 3+ 4+ 1+ 3+ 3+
Group 3
Torulopsis formostatii (S) 3+ 3+ 4+ G i+ 3+
Candida mycoderma (S) 3+ 4+ 4+ 1+ 3+ 3+
Candida guilliermondii (W) 2+ 2+ 4+ 1+ I+ 2+
Group 4
USDA Strain 21-6 (U) 2+ 4+ 4+ G G G
USDA Strain 282 (U) 4+ 4+ 4+ G I+ 2+
USDA Strain 29-11 (U) 4+ 4+ 4+ 1+ 2+ 3+
USDA Strain 35-7 (U) 3+ 4+ 4+ G 1+ I+
USDA Strain 81-2 (U) 3+ 4+ 4+ G 1+ 3+
USDA Strain 123-1 (U) 3+ 3+ 4+ G I+ 2+

NG = no growth.
G = growth without reduction.

I+ = reduction to tan.
2+ = reduction to light brown.
3+ = reduction to brown.

4+ = reduction to dark brown.

(W) = Wayne State University culture collection.
(S) = Stroh Brewery Co. culture collection.

(U) = USDA culture collection.

The results with the lowest ccncn of iodoacetate were most interesting, with very
intense reduction forming two distinct halos around the 10~ disc. The first halo consisted
of a perimeter of dark-brown growth approx. 1 mm in diameter and, secondly, a re-
duction zone 5 mm in diameter with an intense silver-metallic sheen. This reduction
level was never seen in any of the control plates. The results with C. mvcoderma in
the system used did not indicate that the two inhibitors had any appreciable effect on
the reduction of either tellurite or bismuth salts.

DiscussioN

The results of this study indicate that Saccharomycete yeasts can be separated from
the Cryptococcaceae on the basis of metal reduction patterns. It was seen that yeast



