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The yeast Candida lipolytica produced an inducible extracellular emulsification activity when it was grown
with a number of water-immiscible carbon substrates. Negligible emulsification activity was produced by this
yeast when it was grown with glucose as the carbon substrate. In hexadecane-supplemented cultures,
emulsification activity was first detected after 36 h of growth, with maximum production after 130 h. A water-
soluble emulsification activity was partially purified by repeated solvent extractions of the culture filtrate. This
emulsifier, which we named liposan, was primarily composed of carbohydrate. Maximum emulsification
activity was obtained when the ratio of hexadecane to liposan was 50:1. Maximum emulsification activity was
obtained from pH 2 to 5. Liposan was heat stable to temperatures up to 70°C, with a 60% loss in activity after
heating for 1 h at 100°C. Liposan effected stable oil-in-water emulsions with a variety of hydrocarbons.

A number of microorganisms that are capable of assimilat-
ing hydrocarbons are also capable of emulsifying these
hydrocarbons during the substrate degradation process (6, 8,
13, 27). There have been several reports describing the
isolation of extracellular emulsifying agents produced by
hydrocarbon-utilizing bacteria (10, 16, 20, 23-26, 28). Some
yeasts also utilize hydrocarbon substrates (2) and produce
extracellular emulsifying agents (5, 7, 11, 12, 14, 17, 18).

Candida lipolytica has previously been shown to grow on
agar plates containing a variety of water-immiscible carbon
substrates (4). When grown in the presence of hexadecane,
C. lipolytica produces emulsifying agents which reduce the
interfacial tension in the medium (18, 21). During the early
stages of fermentation, the reduction in interfacial tension is
mainly attributed to the release of fatty acids by C. lipolytica
(18, 21), with changes in the interfacial tension in the latter
stages of fermentation attributed to other metabolites pro-
duced by the organism (18).

We were interested in isolating a bioemulsifier from C.
lipolytica that could potentially be used in food systems. In
this paper we show that cultures of C. lipolytica, when
grown in the presence of water-immiscible carbon sub-
strates, produce an emulsification activity capable of stabi-
lizing oil-in-water emulsions. A water-soluble emulsifying
agent, which we call liposan, was partially purified from
culture filtrates, and some of its properties were studied.

MATERIALS AND METHODS

Growth conditions. C. lipolytica ATCC 8662 was obtained
from the American Type Culture Collection. Stock cultures
of the organism were maintained on yeast mold agar slants
and transferred once a month. A 300-ml batch of YNB
medium (0.6% yeast nitrogen base, pH 5.0) supplemented
with 1% hexadecane was inoculated with 10° CFU of a 72-h
culture of C. lipolytica grown in yeast mold broth per ml.
The culture was incubated for 130 h at 27°C on a rotary
shaker at 220 rpm. Growth of the culture was monitored by
plate counts on yeast mold agar.

Isolation of liposan. The 130-h culture was refrigerated for
24 h at 4°C to solidify the remaining hexadecane and to effect
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yeast settling. The culture was filtered by carefully decanting
onto a Schleicher & Schuell grade 588 fluted filter. The
resulting filtrate was then filtered through a 0.45-pum mem-
brane (Millipore Corp.). The filtration steps were done at
25°C. Approximately 250 ml of the cell-free filtrate was
transferred to a 2-foot (61-cm) length of dialysis tubing
(diameter, 4 cm; molecular weight cut-off, 3,000) and con-
centrated to 50 ml by prevaporation at 4°C. The concentrat-
ed filtrate (50 ml) was extracted with 500 ml of chloroform-
methanol (2:1, vol/vol) in a 1-liter separatory funnel at 25°C,
as previously described (19). The aqueous phase was ex-
tracted twice more with 500 ml of chloroform-methanol
(2:1); a white precipitate formed in the aqueous phase after
the third extraction. The precipitate was collected on What-
man no. 42 filter paper and air dried.

Assay of emulsification activity. Samples (3 ml) from shake
flask cultures were filter sterilized by using a Millipore 0.2-
pm membrane filter. The filtrate (2 ml) was placed in a
screw-capped test tube (15 by 125 mm) and diluted with 2 ml
of 0.1 M sodium acetate buffer (pH 3.0); 1 ml of hexadecane
(750 mg) was added, the tube was capped, and the mixture
was shaken for 2 min at 25°C at a rate of 220 strokes per min
(stroke length, 3 cm). The resulting uniform emulsion was
allowed to sit for 10 min, after which its absorbance was
measured at 540 nm with a Bausch & Lomb Spectronic 20
spectrophotometer. The blank used contained 2 ml of sterile
YNB medium. The assay mixture for liposan activity con-
tained 15 mg (dry weight) of precipitate dissolved in 4 ml of
sodium acetate buffer (pH 3.0) and 1 ml of hexadecane.
Liposan was omitted from the blank. One unit of emulsifica-
tion activity was defined as that amount of emulsifier that
effected an emulsion with an absorbance at 540 nm of 1.0.

Analytical methods. Protein was determined by the Coo-
massie blue dye-binding method of Bradford (3), using
bovine gamma globulin as the standard. Carbohydrate was
determined by the phenol-sulfuric acid procedure (15), using
dextran as the standard. Fatty acids were analyzed by gas
chromatography (9).

Materials. All chemicals were reagent grade. Growth
media were purchased from Difco Laboratories. Bovine
gamma globulin was obtained from Bio-Rad Laboratories.
Dextran was from Sigma Chemical Co. Hexadecane was
purchased from Eastman Kodak Co. Paraffin oil was ob-
tained from J. T. Baker Chemical Co. Pure vegetable oils
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TABLE 1. Emulsification activity produced by Candida lipolytica
grown with various carbon substrates®

Carbon substrate Ac(tl'}')“y
GIUCOSE. - vttt ettt e e e e et 0.09
Hexadecane. .....cooviinniininneeiiineinaneanns 0.88
Paraffin . ...t s 0.75
Soybean 0il ..ot 0.98
OLivE 01l oot e e e 0.77
COMN 01l oottt e 0.88
Cottonseed Ol . ... .vvuniiee e 0.50

@ Cultures of Candida lipolytica were grown in 100-ml batches of YNB
medium supplemented with 5% carbon substate for 130 h at 27°C. Following
growth, 3 ml of each culture was filter sterilized, and a 2-ml sample was
analyzed for emulsification activity by using hexadecane, as described in the
text.

(with no added preservatives) were obtained from T. J.
Lipton Co. Free fatty acids were removed from vegetable
oils as previously described (4).

RESULTS

Emulsification activity produced by C. lipolytica grown with
water-immiscible carbon substrates. C. lipolytica has previ-
ously been shown to utilize a variety of water-immiscible
carbon substrates (4). Culture filtrates of C. lipolytica grown
on YNB medium supplemented with water-immiscible car-
bon substrates produced an agent with the ability to emulsify
or stabilize hexadecane-in-water emulsions (Table 1). Negli-
gible emulsification activity was produced by the organism
when it was grown in a medium with glucose as the primary
carbon substrate. The growth of the organism with each of
the carbon substrates was comparable. Although greater
emulsification activity was produced by C. lipolytica when it
was grown with soybean oil, further growth studies for
emulsification activity production were conducted with hex-
adecane as the primary carbon substrate, providing a more
defined medium. Figure 1 shows the growth and emulsifica-
tion activity of C. lipolytica when hexadecane or glucose
was used as the primary carbon substrate. In both media, the
growth of the organism was comparable. Low emulsification
activity was produced by the culture over 140 h when it was
grown in the presence of glucose, whereas emulsification
activity occurred in the presence of hexadecane, with maxi-
mum production after 80 and 130 h. During growth with
hexadecane, C. lipolytica appeared to colonize droplets of
hexadecane, as previously described by Nakahara et al. (18).
The production of two peaks of emulsification activity was
observed in three independently run fermentations. The
concentration of hexadecane in the medium at the end of the
fermentation was not determined.

Cultures of C. lipolytica were grown in YNB medium
containing varying concentrations of hexadecane. Cell-free
filtrates were prepared for each culture, and the emulsifica-
tion activity for hexadecane-in-water emulsions was deter-
mined. Figure 2 shows that an approximately 10-fold in-
crease in emulsification activity was achieved with 1%
hexadecane. The addition of concentrations of hexadecane
above 1% did not significantly alter the level of emulsifica-
tion activity produced.

Isolation of liposan. Refrigeration of the culture following
fermentation solidified any remaining hexadecane and facili-
tated hexadecane removal during the filtration step. The 10:1
ratio of solvent (chloroform-methanol, 2:1) to concentrated
filtrate was critical in effecting the formation of a precipitate
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in the aqueous phase during the third extraction step. When
lower ratios of solvent to filtrate were used, a fourth or fifth
extraction step was required to obtain comparable yields of
precipitated material. The average yield of precipitate per
300-ml batch was approximately 600 mg (dry weight). The
average yield of emulsification activity from the culture
filtrate was 30%. The remaining emulsification activity was
associated with the organic solvent fraction and was not
investigated in our studies. The precipitate contained about
93 to 98% carbohydrate and 2 to 7% protein. Fatty acids
were not detected in the precipitate as analyzed by gas
chromatography.

Properties of liposan. The effect of hexadecane on liposan
emulsification activity is shown in Fig. 3. Maximum activity
was obtained when the ratio of hexadecane to liposan was
50:1 (wt/wt). Ratios greater than 50:1 resulted in less emulsi-
fication activity. Maximum emulsification activity was ob-
tained in the pH range from 2 to 5. Liposan was stable to
heating for 1 h at temperatures up to 70°C, with about a 60%
loss in activity after heating for 1 h at 100°C. At 10 mM
concentrations, potassium and sodium ions stimulated activ-
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FIG. 1. Emulsification activity production by Candida lipolytica
grown with hexadecane or glucose as the primary carbon substrate.
A 300-ml batch culture of Candida lipolytica was grown in YNB
medium supplemented with 1% glucose (A) or 1% hexadecane (B),
as described in the text. The starting pH of the medium was 5.0, and
the final pH was 2.1.. Samples were taken at 12-h intervals and
analyzed for viable cell counts (@) and emulsification activity (O).
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ity 1.2-fold, whereas magnesium, manganese, and calcium
ions had little effect on activity. At 1 M ion concentrations,
emulsification activity decreased by 1.2- to 2.5-fold. The
ability of liposan to stabilize or emulsify a variety of water-
immiscible compounds in water is shown in Table 2. When
liposan was tested against straight-chain aliphatic hydrocar-
bons ranging in chain length from 6 to 18, its ability to
emulsify appeared to be chain length dependent. No signifi-
cant activity was observed with chain lengths less than 10.
Liposan effected emulsification activity with paraffin and no.
10 oil, as well as with the aromatic hydrocarbons Halowax,
toluene, and decahydronaphthalene.

DISCUSSION

The growth of a hydrocarbon-utilizing yeast is limited by
the interfacial surface area and the availability of submicron
oil droplets in the growth medium (6, 8). A decrease in
interfacial tension and an increase in the degree of medium
emulsification are critical factors in hydrocarbon fermenta-
tion by C. lipolytica (18, 21). The decrease in the interfacial
tension of hexadecane-containing medium by C. lipolytica is
presumably due to release of fatty acids during the initial
stages of fermentation (18, 21). The production of fatty acids
declines by 36 h into the fermentation, but the interfacial
tension continues to drop (18). Nakahara et al. (18) suggest-
ed that the decrease in the interfacial tension of the medium
during the latter stages of fermentation is due to the produc-
tion of lipoproteins and lipopolysaccharides, as well as to the
yeasts themselves. In our studies C. lipolytica produced
emulsification activity after the organism entered its station-
ary phase of growth. We did not analyze the growth medium
for changes in interfacial tension or for the production of
fatty acids, as previously done (18). We did not investigate
the nature of the emulsifiers produced in the first peak of
emulsification activity during growth on hexadecane (Fig.
1B). There were at least two types of emulsifiers produced in
the second peak of activity (Fig. 1B). One type was soluble
in organic solvent, and the other type was water soluble. The
water-soluble emulsifier, which we have named liposan, was
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FIG. 2. Induction of emulsification activity by hexadecane. Cul-
tures of Candida lipolytica were grown in 100-ml batches of YNB
medium supplemented with different concentrations of hexadecane.
The cultures were grown for 130 h at 27°C on a rotary shaker at 220
rpm. Emulsification activity was determined in the cell-free filtrate
as described in the text.
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FIG. 3. Effect of hexadecane concentration on liposan emulsifi-
cation activity. Emulsification activity was measured with 15 mg
(dry weight) of liposan and amounts of hexadecane ranging from 15
to 3,000 mg, as described in the text.

partially purified from the culture filtrate by repeated chloro-
form-methanal-water phase partitions. This procedure is
commonly used to recover microbial gums from bacterial
fermentations (19). We have not fully characterized the
chemical nature of liposan; however, it appears to be primar-
ily composed of carbohydrate.

Our emulsification assay was modelled after the one
described by Rosenberg et al. (23), which is used for emulsan
activity. Maximum emulsification activity of liposan was
obtained when the ratio of hexadecane to liposan was 50:1.
Increasing the hexadecane-to-liposan ratio above 50:1 result-
ed in a decrease in emulsification activity. Rosenberg et al.
(23) reported a similar behavior for emulsan activity and
attributed it to a direct interaction between emulsifier and
the hydrocarbon, as opposed to an effect on the surface
tension of the medium.

The effectiveness of liposan as an emulsifier was limited to
the acid to neutral pH range, with maximum activity be-
tween pH 2 and 5. Other microbial emulsifiers for which a
pH range of activity has been described have also shown the
ability to emulsify at low pH values (23, 25).

Liposan was relatively heat stable between 30 and 90°C.
Even after boiling for 1 h, liposan retained 40% of its original
emulsification activity. The thermal stability of liposan is
similar to that of microbial gums (1).

Unlike the bacterial emulsifier emulsan (23), the activity of
liposan was not dependent on the presence of a metal ion.
The presence of molar concentrations of salts reduced
liposan activity, whereas the polymeric emulsifier produced
by Corynebacterium hydrocarboclastus is quite tolerant to
salt (29).

The ability of liposan to emulsify hydrocarbon, unlike
emulsan (22), was not dependent on the presence of both
aliphatic and cyclic components. When liposan was tested
with straight-chain aliphatic hydrocarbons (Cg to Cjsg), its
effectiveness as an emulsifier was dependent on chain
length.

In summary, we have shown that C. lipolytica can be
induced to produce emulsification activity when it is grown
with a variety of water-immiscible carbon substrates. This
organism produced a water-soluble emulsifier and a chloro-
form-soluble emulsifier. A water-soluble emulsifier, named
liposan, was partially purified and was capable of stabilizing
a variety of oil-in-water emulsions. Work is in progress to
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TABLE 2. Emulsification of water-immiscible compounds by

liposan®
Compound Ac(tlljv;ty
Paraffin...... ... .o i 0.70
Kerosene ...t 0.30
Gast SINO. 1001l ...t 0.80
Tributyrin. ... 0.30
Hexane..........ooiiiiiiiiiiiiiiiiiiiiieaannnnn, 0.01
Heptane ............ i 0.02
OCtaNE ..\ttt s 0.04
NONANE. ...t e 0.05
Decane .......cooviiiiiiiii 0.15
Dodecane ... 0.98
Tetradecane............ooviiieeiiiiiieiiinneanns 1.01
Hexadecane...............ccoiiiiiiiiiiiiiiinnnnnn... 1.20
Octadecane? ...............ccoiuiuiniiiiiiiiananns 0.60
m-Xylene ... i 0.30
Toluene. . ...t 0.63
Halowax no.T000............coiiiiiiiiiieennannn... 1.25
Decahydronaphthalene .....................ccviuinnn. 0.75

“ Emulsification activity was measured with 750 mg water-immiscible
compound and 15 mg (dry weight) of liposan, as described in the text.
b Solid at 25°C; assay done at 45°C.

purify liposan to homogeneity so its chemical and physical
properties may be studied.
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