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Abstract To make the process of producing sophorolipids
by Candida bombicola truly sustainable, we investigated
production of these biosurfactants on biomass hydrolysates.
This study revealed: (1) yield of sophorolipds on bagasse
hydrolysate decreased from 0.56 to 0.54 and to 0.37 g/g
carbon source when yellow grease was dosed at 10, 40
and 60 g/L, respectively. In the same order, concentration
of sophorolipids was 35.9, 41.9, and 39.3 g/L; (2) under
similar conditions, sophorolipid yield was 0.12, 0.05 and
0.04 g/g carbon source when corn stover hydrolysate was
mixed with soybean oil at 10, 20 and 40 g/L. Sophorolipid
concentration was 11.6, 4.9, and 3.9 g/L for the three oil
doses from low to high; and (3) when corn stover hydro-
lysate and yellow grease served as the substrates for culti-
vating the yeast in a fermentor, sophorolipid concentration
reached 52.1 g/L. Upon further optimization, sophorolipids
production from ligocellulose will be indeed sustainable.
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Introduction

Biosurfactants, synthesized naturally by microorganisms,
have many advantages over those that are chemically syn-
thesized from petrochemical or oleo-chemical sources [7].
These advantages include low or no toxicity and biodeg-
radability. In addition, if biosurfactants are produced from
renewable resources, then these bioproducts are sustainable
and environmentally friendly. Sophorolipids are a group of
compounds that comprise two components: a sophorose
head (a dimeric sugar residue) and a hydroxylated fatty
acid [3] and are synthesized by several non-pathogenic
yeast strains, Candida bombicola, C. apicola, C. batistae,
Wickerhamiella domericqgiae and Rhodotorula bogoriensis
[23]. As surface active biocompounds, sophorolipids have
replaced part of their chemical counterparts in household/
laundry detergents and are consumed at around 10 million
tons per year [30]. In addition, due to their structural diver-
sity and related physicochemical variability, sophorolipids
have been used in the fields of cosmetic, hygienic, medi-
cal and pharmaco-dermatological [8] [20] [12]. Further-
more, through chemical reactions, such as acid hydrolysis,
sophorolipids can be converted to inducers of cellulases
[10, 11] which have broad applications in producing biofu-
els from renewable biomass feedstocks.

Conventionally, sophorolipids are produced by yeast
strains grown on both sugar and oil feedstocks. Sugars,
such as glucose [9], sucrose [13], galactose, lactose [32,
33] and soy molasses [29] have been tested. Hydrophobic
substrates, such as oils, fatty acids, and their correspond-
ing esters, alkanes have been investigated [30]. The high-
est yield was reported to be 422 g/LL when deproteinized
whey and rapeseed oil were used as substrates for C. bom-
bicola [4]. The second highest concentration of 400 g/L
was obtained when the same yeast strain was cultivated
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on honey and corn oil in a fed-batch mode [25]. To make
sophorolipids’ production process even greener and more
sustainable, we have investigated the feasibility of produc-
ing these biosurfactants from hydrolysates developed from
sweet sorghum bagasse (SSB) and corn fiber [27]. Both
hydrolysates, although contain a wide variety of chemicals
that are considered to be inhibitory to microbial fermenta-
tion, supported growth of C. bombicola. Significant pro-
duction of sophorolipids by this yeast strain was observed
when soybean oil was provided.

For the purpose of lowering the production cost, in this
study, we further studied the yield of sophorolipids when
waste restaurant oil or yellow grease was supplemented as
a source of oil molecules. Based on what we know so far,
this is the first study on evaluating sophorolipid production
from cellulosic hydrolysates with the addition of yellow
grease. The rationale for selecting yellow grease is two-
fold: (1) yellow grease, compared to soybean oil or other
oil sources, is much cheaper. The current market price is
around $1/gallon which is one third of that of soybean oil;
and (2) according to US EPA’s estimate, US hotels and
restaurants generate 3 billion gallons (11.4 billion L) of
waste oil per year (www.epa.gov/region9/waste/biodiesel/
questions.html). Thus, the volume of yellow grease is great
enough for producing sophorolipids through yeast fermen-
tation. Certainly, yellow grease can be used to generate
biodiesel or other kinds of biofuels. But since sophorolip-
ids have much higher market values than those of biofuels,
use of yellow grease for producing sophorolipids would be
much more attractive from the perspectives of investment.

Besides evaluating sophorolipids yield on hydro-
lysates of SSB and yellow grease, we also aimed to study
sophorolipids production from hydrolysates derived from
corn stover. This is to consider the enormous abundance of
corn stover as a potential biomass feedstock. More impor-
tantly, the corn stover hydrolysates used in this study were
developed from a novel deacetylation and disc refining
(DDR) pretreatment process. As described below, the DDR
process followed by enzymatic hydrolysis led to hydro-
lysates with high concentrations of sugars and basically
no presence of potential fermentation inhibitors [1]. To the
best of our knowledge, no studies have been performed on
using these hydrolysates supplemented with either soybean
oil or yellow grease for sophorolipid production.

Materials and methods
Microorganism and inoculum preparation
Candida bombicola (ATCC 22214) was routinely main-

tained on agar plates at 4 °C. The plates contained (per
liter): glucose, 100 g; yeast extract, 10 g; urea, 1 g; and
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agar, 20 g. Yeast colonies were transferred to fresh plates
every 6 weeks. To start an inoculum, colonies were intro-
duced to an autoclaved medium with the same composi-
tion as the agar plates but without the presence of agar. The
inoculum culture was incubated at 25 °C in a shaker set at
120 rpm for 2 days before use.

Pretreatment of sorghum bagasse

Bagasse of sweet sorghum which was studied in our previ-
ous works [2, 15, 17, 18, 31] was used in this study. But
instead of using a 10% solid loading during acid pretreat-
ment, a bagasse loading of 20% was adopted for the pur-
pose of increasing total sugar concentrations in the derived
hydrolysates. Briefly, pretreatment of sorghum bagasse
was conducted by mixing 20 g bagasse (dry weight) with
100 mL of 0.5% sulfuric acid followed by autoclaving at
121 °C for 1 h. Following pretreatment, the slurry was
centrifuged at 4000x g for 10 min. The acidic supernatant
thereafter was adjusted to a pH of 6.0 using NaOH [14] and
was used in the following studies without further treatment.

Pretreatment of corn stover

Deacetylated disc refined (DDR) corn stover hydrolysate
was provided by the national renewable research laboratory
(NREL) in the United States (US). In short, corn stover har-
vested at Hurley County (South Dakota, the US) was first
knife milled to pass through a 19 mm (0.75 in.) round screen
[1]. The screened corn stover was then added to a 1900-L
paddle mixer along with a dilute 0.1 M sodium hydrox-
ide solution to achieve a solid slurry of 8% (w/w). After
the slurry was heated to 80 °C and held for 2 h, the liquor
was allowed to drain and the solid was rinsed and pumped
to a continuous screw press (Vincent Corp. Model CP10,
Tampa, Florida, the US) for dewatering to between 45 and
50% (w/w) of total solids. The deacetylated corn stover was
then mechanically refined in a commercial scale disc refiner
(Sprout model 401 36-inch). Corn stover particles after
the deacetylation and disc refining processes were hydro-
lyzed by Novozyme (Franklinton, North Carolina, US) cel-
Iulase (12—-15 FPU CTec3) and hemicellulase (HTec3) at a
ratio of 4:1 at 48 °C for 96 h. The total enzyme loading was
20 mg protein/g cellulose. After enzymatic hydrolysis, the
liquid portion was used in yeast fermentation as detailed in
the following. Similar to the hydrolysates obtained from sor-
ghum bagasse, the corn stover hydrolysates were used as is.

Fermentation of C. bombicola on Cellulosic
Hydrolysates

Regarding hydrolysates derived from sorghum bagasse, yel-
low grease at 10 g/L, 40 g/L or 60 g/L was supplemented.
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The yellow grease used was from the cafeteria at Southern
linois University Carbondale, where soybean oil was used
for frying. For each yellow grease concentration tested,
three replicate cultures were established. Each culture
included a certain volume of yellow grease, 10% of yeast
inoculum and a different volume of bagasse hydrolysates
to ensure that the total volume in each 250-mL Erlenmeyer
flask was 50 mL. Three control cultures containing (per
liter): glucose, 100 g; yeast extract, 10 g; urea, 1 g; and yel-
low grease, 40 g were also set up at the same time. In terms
of flasks containing corn stover hydrolysates, soybean oil
at 10 g/L, 20 g/L or 40 g/L was added. The control cultures
comprised glucose at 100 g/L, yeast extract at 10 g/L, urea
at 1 g/LL and soybean oil at 40 g/L. All flasks were culti-
vated in a shaking incubator set at 25 °C and 120 rpm. At
different time points, a 1-mL sample was withdrawn from
each culture for checking possible contamination and for
measuring cell dry weight and sophorolipid concentrations.

Fermentation of corn stover hydrolysates in a 3-liter
fermentor

To understand whether better process control can benefit
sophorolipid production from corn stover hydrolysates, the
same hydrolysates were used in a 3-liter fermentor (Eppen-
dorf, Hauppauge, NY, USA). The testing condition was:
temperature, 25 °C; mixing speed, 500 rpm; DO: 25-30%
of DO,; initial pH = 5.0; air flow rate, 0.5 vvm (volume of
air/volume of liquid per minute). DO was controlled by air
flow rate. The fermentation was started by adding 711 mL
of corn stover hydrolysates together with 9.7 mL of yellow
grease and 80 mL of C. bombicola inoculum. The initial
yellow grease concentration was 10 g/L. On a daily basis,
samples (3 mL) were withdrawn from the fermentor for
testing cell biomass, sugar concentrations and residual yel-
low grease concentration. Between days 1 and 1.5, a vol-
ume of 97 mL of yellow grease was supplemented. The
same was done again between days 4 and 5. At the end of
day 7, the fermentation was terminated and the final culture
was analyzed as described above.

Analysis
Sophorolipids and residual oil extraction

Two different volumes, the 1-mL samples and the remain-
ing volume of the final day cultures, were used for extrac-
tions of sophorolipids and residual oil through liquid-liquid
extraction as reported by others [28, 29]. In addition, con-
sidering the possible presence of organic solvent extract-
able compounds in the hydrolysates studied here, the two
hydrolysates were processed for solvent extraction, too.

For all samples, equal volume of ethyl acetate as that of the
sample was used twice for sophorolipids extraction. Ethyl
acetate layer at the top was then subjected to extraction by
using two volumes of hexane for residual oil. The remain-
ing ethyl acetate fraction and the hexane soluble were
proceeded with solvent evaporation. The dry weights of
sophorolipids and residual oil were determined gravimetri-
cally after subtracting ethyl acetate and hexane extractable
from the corresponding hydrolysates, respectively. Subse-
quently after ethyl acetate extraction, the water phase in the
original samples was centrifuged at 10,000g for 5 min. The
resulting liquid layer was used for HPLC analysis. The pel-
let was used for determining cell dry weight through drying
in an oven at 105 °C overnight.

Yellow grease characterization

Compared to soybean oil, the yellow grease looked fairly
turbid. To determine the true oil content, yellow grease
was extracted with equal volume of hexane for three times.
After phase separation, the hexane layer was evaporated
to dryness in a Rotavap. Weight of the residue was used to
calculate oil content. The remaining non-hexane soluble
was centrifuged at 5000g for 10 min. The liquid portion
was weighed and dried to measure moisture content while
the solid portion was weighed to obtain solid content. In
addition, to understand the oil composition, representative
samples of the yellow grease and soybean oil were reacted
with methanol and sulfuric acid for transesterification fol-
lowing procedures reported previously [21]. The resulting
fatty acid methyl esters (FAMEs) were analyzed by a gas
chromatography (GC) following a procedure we published
previously [16].

High-performance liquid chromatography (HPLC)

All samples were filtered through hydrophilic 0.2-pm fil-
ters beforehand to eliminate any potential particles. The
HPLC (Shimadzu Scientific Instrument, Inc. Columbia,
MD, USA) with a refractive index detector was used to
determine the concentrations of monomeric sugars (glu-
cose, xylose, and arabinose) and non-sugar compounds
(formic acid, acetic acid, levulinic acid, and 5-hydroxy-
methylfurfural (5-HMF), furfural) in samples. Chemical
separation was carried out using an Aminex HPX 87H col-
umn (5 pm, 30 cm x 4.6 mm, Bio-Rad, CA, USA) set at
50 °C. Freshly prepared 0.005 M sulfuric acid was used as
the mobile phase with a flow rate of 0.6 mL/min. A 20-pL
sample injection volume was used. All concentrations of
the chemicals under investigation were calculated based
on calibration curves established for each compound using
external standards.
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Table 1 Fatty acid profile of soybean oil and yellow grease

Fatty acids Soybean oil Yellow grease

Average STDEV Average STDEV
C18:1n7 56.15 4.55 56.44 4.65
C16:0 24.85 1.01 24.32 1.94
C18:3n4 12.80 0.75 12.25 1.02
C18:0 4.46 6.31 5.38 7.61
C20:1n9 0.48 0.00 0.46 0.03
C20:5n3 0.22 0.01 0.20 0.00
C14:0 0.20 0.04 0.21 0.02
C18:4n3 0.19 0.13 0.06 0.05
C22:5n3 0.17 0.13 0.20 0.00
C22:6n3 0.08 0.01 0.09 0.00
C20:4n3 0.08 0.01 0.11 0.02
C20:4n6 0.08 0.05 0.04 0.01
C18:3n3 0.04 0.02 0.04 0.00

Results and discussion
Yellow grease and soybean oil

The yellow grease used in this study had a density of
914.7 g/L. Through hexane extraction, it was found that the
yellow grease contained 99.4% of hexane soluble, 0.13%
of solid and 0.46% of moisture. This yellow grease sample
had basically the same fatty acid profile as that of the soy-
bean oil used (Table 1). For both oil samples, C18:1n7 (cis-
vaccenic acid), C16:0 (palmitic acid), C18:3n4 (isomer of
linolenic acid) and C18:0 (stearic acid) were the dominant
fatty acids. Thus, apparently, even though after repeated
use and the resulting yellow grease looked cloudy, the pro-
cess of frying did not change the fatty acid composition of
the oil. The composition of yellow grease used in this study
is different from those reported [28]. This could be due to
the fact that different oil was used for frying.

Fermentation using C. bombicola on sorghum bagasse
hydrolysates with yellow grease supplementation
in shaking flasks

As described above, the sorghum bagasse hydrolysate used
in this study was derived from pretreating bagasse using
0.5% sulfuric acid at 20% solid loading for 1 h. The result-
ing hydrolysate contained 36.4 g/L of glucose, 37.9 g/L of
xylose and 1.7 g/L of arabinose with a total sugar concen-
tration of 76.1 g/L. These concentrations were almost twice
of those obtained when pretreating SSB at a 10% solid
loading with other conditions remaining the same [27].
Following ethyl acetate and hexane extraction, the hydro-
lysate was found to contain 5.9 + 0.8 and 5.0 £ 0.3 g/L
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of compounds that were ethyl acetate and hexane soluble,
respectively.

When yellow grease was supplemented at three concen-
trations, 10, 40 or 60 g/L, C. bombicola grew well (Figs. 1,
2). The exponential growth phase typically lasted for two
days and was followed by a long stationary phase. For all
three yellow grease doses tested, glucose was consumed
rapidly in four days. Xylose and arabinose were both uti-
lized by the cells, but at much slower rates compared with
that of glucose. As we reported before, all monosaccharides
were consumed simultaneously.

With 10, 40 and 60 g/L of yellow grease, the final day
cell density was 5.7 = 0.8, 6.4 & 0.8 and 7.8 &+ 0.4 g/L,
respectively, which was similar to 6.9 £ 1.35 g/L observed
for the controls with pure glucose and yellow grease at
40 g/L (Fig. 2). Among those with the hydrolysates, higher
yellow grease concentration resulted in an increase of cell
growth, but the difference was not statistically significant.
At day 14, content of pure sophorolipids was 35.9 £ 1.7,
41.9 £ 9.1, and 39.3 £+ 16.5 g/L for yellow grease at 10,
40, and 60 g/L, respectively. These sophorolipids concen-
trations were much higher than 7.7 g/L detected from the
controls and higher than 34 g/L reported when C. bom-
bicola was cultivated on a standard medium with yellow
grease added in a step-wise fashion to a fermentor [28].
Thus, compared with the standard medium which com-
prised 100 g/L glucose, 10 g/L of yeast extract, and 1 g/L
of urea, sorghum bagasse hydrolysate appeared to be a bet-
ter substrate, which is consistent with what we reported
previously [27]. In addition, based on other publications on
C. bombicola [6, 23, 29], yield of sophorolipids on bagasse
hydrolysates could be improved substantially if a fed-batch
instead of batch feeding scheme and/or better control of pH
and oxygen level are adopted. It needs to be noted that the
sophorolipid concentrations reported here were after sub-
tracting ethyl acetate extractable in the hydrolysates used
assuming those extractable were not utilized by the yeast
during fermentation. This analysis was also applied when
calculating yield of pure sophorolipids from corn stover
hydrolysates as detailed below.

With increasing yellow grease concentration from
10 to 60 g/L, the residual oil left after 14 days was 0.0,
7.9 £ 6.0 and 14.0 £ 3.9 g/L. Again, this was after sub-
tracting hexane extractable in the original hydrolysates.
Yield of sophorolipids (g sophorolipids/g carbon source)
was calculated by dividing sophorolipids produced
with total consumption of sugars and oils. As shown in
Fig. 3, with increasing yellow grease concentrations, the
yield decreased from 0.56 & 0.05 to 0.54 £ 0.13 and to
0.37 £ 0.18 g sophorolipids/g carbon source (sugars plus
oil). The yield difference between cultures with 10 and
40 g/L of yellow grease was not significant. However, when
yellow grease concentration was 60 g/L, sophorolipid yield
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was significantly lowered. This could be due to the impu-
rities in yellow grease. During frying, at least three kinds
of reactions take place: hydrolytic, oxidative, and thermo-
lytic [22]. As a result, various chemicals, such as alkanes,
alkenes, aldehydes, hydrocarbons, and semialdehydes can
be present in yellow grease, which might have affected
sophorolipid production and secretion.

The large standard deviations for some results reported
here were due to the fact that the presence of yellow grease
led to non-homogenous cultures, especially at higher con-
centrations. Thus, sample withdrawal at different time

points might contribute to inconsistent loss of yellow
grease and eventually resulted in variations in the final
day results. But even with some large difference between
replicate samples, it is obvious that C. bombicola utilized
sugars in SSB hydrolysates and yellow grease efficiently
and had the highest sophorolipid yield of 0.56 g/g carbon
source at the lowest concentration of yellow grease. This
yield is comparable with those reported. For example, an
overall consumption of 140 g/L rapeseed oil and 300 g/L
of glucose led to a yield coefficient of 0.68 [26]. A similar
yield of 0.65 was demonstrated when rapeseed ethyl ester
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of 184 g/L and glucose of 304 g/L. was consumed [5]. For
these two cases, a fed-batch cultivation was employed for
producing large quantity of sophorolipids.

Fermentation using C. bombicola on corn stover
hydrolysates with soybean oil supplementation
in shaking flasks

Corn stover hydrolysate obtained through the DDR process
contained 87.3 g/L of glucose, 59.4 g/L xylose and 3.1 g/L
of arabinose. Furfural and 5-HMF were not detected by
HPLC. The total concentration of monomeric sugars was
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149.8 g/L. With these high sugar concentrations and for all
three tested doses of soybean oil, C. bombicola utilized all
three sugars simultaneously during the first two days when
exponential growth took place (Fig. 4). After two days
when cells enter stationary phases, however, consumption
of xylose and arabinose was extremely slow. Same phe-
nomenon was observed for controls where only glucose
and xylose at concentrations similar to those in corn stover
hydrolysates and 40 g/L of soybean oil were supplemented.
These observations were different from those when bagasse
hydrolysates served as the sugar sources. In the case of
bagasse hydrolysates, the total initial sugar concentrations
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were around 65 g/L considering diluting the hydrolysates
by the added inoculum. As shown in Fig. 1, all monosac-
charides, glucose, xylose and arabinose were consumed
simultaneously. Thus, considering all of these reasons, the
slow utilization of pentose sugars should not be owing to
the complexity of chemicals in the corn stover hydrolysate.
Rather, high sugar concentration or substrate inhibition
might be the explanation. Currently, we are conducting
experiments to understand this observation.

For this part of the study, we chose to use soybean oil
instead of yellow grease considering: (1) use of corn
fiber hydrolysate for sophorolipid production resulted in
less than one-fifth of that from sorghum bagasse hydro-
lysates under similar experimental conditions; and (2)
unlike bagasse hydrolysate which was tested on soy-
bean oil already [27], this is the first study to investigate
sophorolipid production on corn stover hydrolysates.
We sought to study three lower oil doses between 10 and
40 g/L since the initial high concentration of an oil feed-
stock did not lead to high yield of sophorolipids as demon-
strated above for bagasse hydrolysate,

As shown in Figs. 4 and 5, C. bombicola grew rapidly
under four tested conditions. By the end of day 14, the bio-
mass concentration was 6.1 = 0.2, 5.9 £ 0.9, 54 £+ 0.1 and
5.8 = 0.1 g/L for soybean oil concentration at 10, 20, 40 g/L
and the control where glucose (80 g/L), xylose (55 g/L) and
soybean oil (40 g/L) were added, respectively. Statistically,
no difference in terms of cell growth could be detected. In
the same order, concentration of pure sophorolipids were
11.6 £1.5,49 + 0.8,3.9 £ 0.4 and 16.1 & 0.7 g/L. Thus,
with increasing soybean oil concentration, a decreasing

yield of sophorolipids was observed, which was similar to
what was observed when bagasse hydrolysates and yellow
grease served as the substrates. These phenomena may indi-
cate that additional oil did not enhance the fermentation but
limited the cell productivity. Comparing the two conditions
where content of soybean oil of 40 g/LL was the same and
total sugar concentrations were similar, corn stover hydro-
lysates yielded less sophorolipids than those with pure glu-
cose and xylose. Hence, unknown compounds in corn stover
hydrolysate might contribute to this lower sophorolipid
yield. A similar yield of 15.6 g/L. of sophorolipids were
observed when corn fiber hydrolysates derived from dilute
acid pretreatment was used as the sugar sources together
with 100 g/L of soybean oil [27]. Even though corn fiber
and corn stover have different compositions and the result-
ing hydrolysates are very different, too, these two feed-
stocks appeared to be not as good as sorghum bagasse on
serving as the carbon substrates. The exact explanations
deserve further investigations.

Similar to cells grown on bagasse hydrolysates and
yellow grease as described above, C. bombicola did
not consume all soybean oil during the 2-week cultiva-
tion period. Residual oil left was 2.3 £ 1.9, 5.5 £ 4.0,
and 20.7 £ 1.5 g/L for oil content of 10, 20, and 40 g/L,
respectively. For the controls with pure glucose and xylose,
the residual oil was 24.0 + 5.6 g/L. Considering all car-
bons (sugars and oil) utilized, yield of sophorolipids was
0.12 £ 0.01, 0.05 £ 0.01, 0.04 &+ 0.0, and 0.15 £ 0.0
(Fig. 3). Compared to those observed when C. bombicola
grew on sorghum bagasse hydrolysates and yellow grease,
these yield were much lower.
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tration (filled square), sophorolipid concentration (filled triangle), and yellow grease (YG) concentration (open diamond)

Fermentation using C. bombicola on corn stover
hydrolysates with yellow grease supplementation in a
fermentor

Considering the extremely low yield of sophorolipids on
corn stover hydrolysates and soybean oil, we set out to
investigate whether the yield can be improved when the
cultivation conditions were better controlled. As shown
in Fig. 6, C. bombicola grew well and reached the end of
exponential growth phase by day 2 with a cell dry weight
of 8.5 g/L. Throughout the 7-day experimental period,
while all sugar concentrations decreased with time (Fig. 6),
concentration of sophorolipids steadily increased to
52.1 g/L at the end (Fig. 6). The final yield of sophorolipids
was calculated as 0.34 g/g (sugars plus yellow grease). This
computation considered sugars and yellow grease initially
present, those lost during sampling and those remaining in
the final cultures. This yield was much higher than 0.12 g/g
when fermentation was performed in an uncontrolled batch
mode. Thus, with much better mixing and aeration, well-
controlled content of dissolved oxygen and a stable pH,
significant amount of sophorolipids can be produced from
corn stover hydrolysates. In addition, the sophorolipid pro-
duction rate of 7.4 g/L-day was much faster than 3.0 g/L-
day when sorghum bagasse hydrolysates were used in the
batch cultivation mode.

It has been generally practiced that during the stationary
phase when sophorolipids production takes off, a lipid sub-
strate should be fed step-wise or continuously to enhance
yield of sophorolipids [6, 29]. For example, to achieve a
sophorolipid concentration of 422 g/L, rapeseed oil was
supplemented at 100 g/L at four times throughout a 18-day
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fermentation [4]. In this fermentor study, since enough sug-
ars remain in the culture all the time, corn stover hydro-
lysates was not fed during the experiment. Instead, yellow
grease was supplemented twice to stimulate sophorolipids
production. But it appeared that the cells did not need too
much of yellow grease and only 27.5% of what was added
was utilized for producing sophorolipids (Table 2). Thus,
for future investigations, the lipid substrate should be added
just enough to avoid wasting of this material.

Few studies have been conducted on produc-
ing sophorolipids from renewable feedstocks. The one
with delignined corncob residue hydrolysate reported a
sophorolipid concentration of 42.1 g/L. when the hydro-
lysates were detoxified by passing through activated car-
bon and oleic acid was used as the oil substrate [19]. In this
study, both sorghum bagasse hydrolysates and corn stover
hydrolysates were used directly after either pretreatment or
pretreatment/enzymatic hydrolysis. No further treatment
or detoxification was performed on these two liquors and
we have observed a sophorolipid concentration of 52.1 g/L.
when yellow grease served as the lipid source. It needs
to be noted that sophorolipid yield from lignocellulosic
hydrolysates cannot be compared with those from pure
sugars considering that the hydrolysates are highly com-
plex. Although fermentable sugars and some acids if there
are any can be identified and quantified by HPLC, a great
number of compounds in the hydrolysates are not quanti-
fiable and may cause inhibition to fermentation. Detailed
studies have revealed hundreds of chemicals in cellulosic
hydrolysates as a result of the severe pretreatment steps
[21, 24]. However, using lignocellulosic feedstocks for pro-
ducing sophorolipids represents a potentially sustainable



J Ind Microbiol Biotechnol (2017) 44:353-362

361

Table 2 Distribution of total

Substrate Total added (g)  Residual (g)  Lost*(g)  Utilization (g)  Utilization ratio® (%)
sugars and yellow grease
throughout the fermentation Yellow grease  186.3 116.83 25.1 443 275

Total sugars 87.3 14.0 34.6 38.7 73.5

a

pressure inside of the fermentor

Lost from sample withdrawals and events when a portion of culture broth was removed to relieve the

® This ratio only considered those that were available to the cells. Lost substrates were not available to the

culture

and renewable approach for generating these valuable com-
pounds. Upon further process optimization, the cost effec-
tiveness of this process will be improved significantly.

Conclusion

Both sorghum bagasse hydrolysates derived from a sim-
ple acid pretreatment scheme and corn stover hydrolysates
developed from an extensive alkaline based pretreatment
procedure supported cell growth and sophorolipid produc-
tion by C. bombicola. Assisted by the presence of yellow
grease at 10 g/L, a yield of sophorolipids of 0.56 g/g carbon
source was achieved in a batch cultivation mode with sor-
ghum bagasse hydrolysates. Much lower yield of 0.12 g/g
was observed when corn stover hydrolysates and soybean
oil were used as the substrates. However, when corn stover
hydrolysates and yellow grease were added to a fully con-
trolled fermentor, the sophorolipid yield was 0.34 g/g.
Therefore, both biomass hydrolysates can potentially serve
as sources of sugars for producing valuable sophorolipids.
The yield of this target product can be further enhanced by
optimizing the fermentation process.
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