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ABSTRACT: 4 synthetic medium containing glucose, glycerol, yeast extract (YE), and ammonium sulfate (AS) was compared to several
low-cost media in their ability to produce high emulsification index (EI). The goal was to reduce the production costs of an emulsifier with
application in food oil-in-water emulsions. To this end, agro-industrial by-products were screened for bioemulsifier production from Yarrowia
lipolytica. The statistical analysis showed that the Els of media containing residual firying oil from palm oil (RFO_palm) or soybean oil
(RFO_soy), residual liquid from butter production (butter whey, BWhey) or cheese production (cheese whey, CWhey), supplemented with YE
and AS were similar to the EI of the synthetic medium. The replacement of YE by corn steep liquor (CSL) also resulted in similar EI, except
for RFO_soy. BWhey was tested with CSL without AS and similar EI (66.8%) was detected in comparison to that of the same medium with
AS (66.3%). The cell-free broth obtained after Y. lipolytica growth in BWhey+CSL was successfully used to obtain vegetable oil-in-water
emulsions indicating its potential application in food products.
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Soro de manteiga e milhocina como tnicas matérias primas para obter bioemulsificante de
Yarrowia lipolytica para emulsdes oleo-em-agua alimenticias

RESUMO: O meio sintético contendo glicose, glicerol, extrato de levedura (YE) e sulfato de aménio (AS) foi comparado a meios de baixo
custo para produzir alto indice de emulsificagdo (El). Para este fim, os subprodutos agroindustriais foram rastreados quanto a produgdo de
bioemulsificante por Yarrowia lipolytica. A andlise estatistica mostrou que EI de meios contendo dleo de fritura residual de déleo de palma
(RFO_palm) ou éleo de soja (RFO_soy), liquido residual da produgdo de manteiga (soro de manteiga, BWhey) ou da produgdo de queijo (soro
de queijo, CWhey), suplementado com YE e AS foram semelhantes ao EI do meio sintético. A substitui¢do do YE por milhocina (CSL) também
resultou em EI semelhante, exceto no RFO_soy. O BWhey foi testado com CSL sem AS e EI semelhante (66,8%) foi detectado em comparagdo
com o mesmo meio com AS (66,3%). O meio isento de células obtido apos o crescimento de Y. lipolytica no meio BWhey + CSL foi utilizado
com sucesso para obter emulsoes de dleo vegetal em dgua, indicando sua potencial aplica¢do em produtos alimenticios.

Palavras-chave: Yarrowia lipolytica, subprodutos lacteos, meio de baixo custo, indice de emulsificagdo.

INTRODUCTION

The food industry is responsible for
the production and disposal of large volumes of
polluting organic wastes. These materials are usually
rich in carbohydrates, lipids, and proteins, making
them attractive for several fermentation processes
(GUDINA et al., 2016). Thus, in recent years,
numerous studies have been carried out using food
waste to produce commercially valuable products,
such as biosurfactants (LUNA et al., 2016).

Biosurfactants are amphiphilic compounds
produced by microorganisms, able to reduce surface
andinterfacial tension of immiscible solutions (SINGH
et al., 2007). Their production and composition are
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generally conditioned to the composition of the
culture medium (SOUZA et al., 2017). The term
biosurfactant is used to characterize products that
reduce the surface tension between two liquids,
while the term bioemulsifier designates products that
induce dispersion of undissolved material throughout
the liquid; forming and stabilizing droplets of the
dispersed phase (UZOIGWE et al.,, 2015). The
interest in these molecules is always expanding
because items commonly used in our daily activities,
such as pharmaceuticals, personal care, cosmetics and
food products, demand surfactant action (FRAGA et
al., 2020). The advantage of using biosurfactants over
chemical surfactants is their greater biodegradability,
compatibility and lower toxicity (PI et al., 2017).
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Although, the interest in biosurfactants
is increasing, these compounds do not compete
economically with synthetic surfactants. In order to
reduce production costs, different approaches can
be investigated, such as the use of waste or agro-
industrial by-products. Bioconversion of these wastes/
by-products is considered primary importance for
the near future because it demands low capital and
energy costs and reduces environmental pollution
(MAKKAR, 2011).

Currently, there are several waste materials
or by-products from industries and commercial
establishments available. For example, the spread
of fried food consumption has contributed to an
increase in the disposal of large amounts of oils and
fats. Although, frying oil repeatedly used in homes
and businesses can cause severe damages to the
environment, it can be converted into high-value
products by microorganisms (LIU et al., 2015).
Another potential renewable resource for microbial
surfactant production is dairy industry by-products,
such as butter, cheese, and ricotta whey, which are
the residual liquid breaded after butter, cheese, and
ricotta production, respectively (MENESES et al.,
2020). Cheese whey has many applications, such as
commercial products or even biosurfactant production
(YILMAZ et al., 2009). However, butter and ricotta
whey, as inferiornutritional by-products, have not been
tested for many purposes, increasing their incorrect
disposal in the environment. Corn steep liquor is
another example of an easily available agro-industrial
by-product, with high carbohydrate, lipid, and protein
contents that have been successfully evaluated for
biosurfactant production (LUNA et al., 2013).

A variety of microorganisms can produce
biosurfactants,, and among them, Yarrowia lipolytica
is an especially important specie (AMARAL et al.,
2006). Y. lipolytica is a non-pathogenic yeast, classified
as GRAS (generally regarded as safe) by the US Food
and Drug Administration (FDA) (DARVISHI et al.,
2019). It is also a microorganism known to use agro-
industrial wastes for bioconversions (LIU et al., 2015).

Previous studies using agro-industrial
by-products, such as whey (YILMAZ et al., 2009),
fish waste and sugarcane bagasse (MARTINS &
MARTINS, 2018), soybean frying oil (SILVA et
al., 2014; MARQUES et al., 2020), peanut oil and
corn steep liquor (LUNA et al., 2015), cane oil and
corn steep liquor (da SILVA et al., 2017), palm oil
refinery waste (RADZUAN et al., 2017) and olive oil
extraction waste (RAMIREZ et al., 2015) report the
use of mineral media and other sources of nutrients as
supplements for biosurfactant production.

The present study aimed to investigate,
through the emulsification index, the potential of
food (frying residual oil, cheese whey, butter whey,
and ricotta whey) and the industrial (corn steep
liquor) by-products as single sources of nutrients for
bioemulsifier production by the yeast strain Yarrowia
lipolytica IMUFRJ 50682.

MATERIALS AND METHODS

Materials and microorganism

Culture medium components used were
peptone and yeast extract (Kasvi - PR., Brazil),
glucose (Reagen - RJ, Brazil), agar, ammonium
sulfate, and glycerol (Vetec - RJ, Brazil), hexadecane
(Sigma-Aldrich CO (MO, USA)). Yarrowia lipolytica
583 IMUFRJ 50682 selected from a Guanabara
Bay estuary in Rio de Janeiro, Brazil (HAGLER &
MENDONCA-HAGLER, 1981) was maintained on
YPD-agar medium, containing (per liter): 10 g of
yeast extract, 20 g of peptone, 20 g of glucose and 30
g of agar and was stored at 4°C. Five different agro-
industrial by-products were tested for biosurfactant
production: residual frying oil (RFO), cheese whey
(CWhey), butter whey (BWhey), ricotta whey
(RWhey), and corn steep liquor (CSL). RFO had two
different origins : one was obtained from a fast-food
chain, Brazil Fast Food Corporation, used in Bob’s
fast food restaurant (Rio de Janeiro, Brazil) to fry
potatoes, originally a palm oil (RFO_palm) and the
other was supplied by the National Museum (UFRJ,
Brazil) restaurant originally a soybean oil (RFO_
Soy). Both were kept under refrigeration at 4°C.
Dairy by-products were donated by the Agroindustry
of Instituto Federal de Alagoas and stored in falcon
tubes at -20 °C. Ingredion Brasil donated 4 kg of CSL
that was stored at 4 °C.

Biosurfactant production

Yarrowia lipolytica cells IMUFRJ 50682)
were transferred to 500 mL Erlenmeyer flasks
containing 200 mL of YPD medium (yeast extract,
1% (w/v); peptone, 2% (w/v); and glucose, 2%
(w/v)), maintained in orbital shaking (160 rpm), at 28
°C for 72 h. These cells were centrifuged (2,000 g)
in a sufficient amount to inoculate 1 mg of the dry
weight of cells per mL of biosurfactant production
medium (AMARAL et al., 2006).

Biosurfactant production was carried
out in 1000 mL Erlenmeyer flasks with 500 mL of
production medium containing the agro-industrial
by-products, as described by FONTES et al. (2010).
The culture medium composed of 0.5 g/L yeast
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extract, 10 g/L ammonium sulfate, 4% (w/v) of
glucose and 2% (w/v) of glycerol optimized by
FONTES et al. (2010), was used as control medium
(CTRL). The same yeast extract (YE) and ammonium
sulfate (AS) concentrations were used to test the
agro-industrial by-products (RFO_palm; RFO_
soy; CWhey; BWhey; RWhey) for biosurfactant
production. The liquid medium was sterilized in an
autoclave (121 °C, 20 min) and then, 10 g/L of each
by-product was added to the production medium after
exposure to ultraviolet radiation for 20 minutes to
reduce microbial load. Nor glucose or glycerol was
added to these media. The CSL was used to replace
YE in the following concentrations: 1.0, 3.0 and
5.0 g/L, maintaining 10 g/L of AS and 10 g/L of the
agro-industrial by-products (RFO_palm; RFO _soy;
CWhey; BWhey; RWhey). The control (CTRL) was
prepared with CSL (1.0, 3.0 or 5.0 g/L), 10 g/L of
AS, 4 % (w/v) of glucose and 2 % (w/v) of glycerol.
The use of CSL (1.0, 3.0 and 5.0 g/L) without AS or
agro-industrial by-products was also investigated.
Ammonium sulfate (10g/L) was tested alone, as
well as with the agro-industrial by-products (10 g/L)
(RFO_palm; RFO_soy; CWhey; BWhey; RWhey).
BWhey (10 g/L) was tested with CSL (5.0 g/L) and
no other components. The flasks were incubated for
96 h at 28 °C and 250 rpm. Samples were collected at
24 h intervals, centrifuged (2,000 g) and stored at -20
°C for the analytical procedures.

Analytical procedures

Cell concentration: Optical density (OD)
measurements at 570 nm converted to g dry weight
(d.w.) cells/L using the equation OD*dilution/0.363
were used to monitor cell growth (AMARAL et al.,
2006). The pH of the cell-free samples was determined
by a pH meter (DIGIMED DM-22), calibrated with
standard buffer solutions (pH 4.0 and 7.0).

Emulsification index — Hexadecane:
The emulsification index of cell-free samples from
the production medium during fermentation was
determined according to the method described
by FONTES et al. (2010). One mL of the cell-free
sample and 1 mL of hexadecane were vortex mixed in
a test tube for 2 minutes. Then, the tubes were left to
stand for 24 h, and the emulsification index (EI) was
calculated by Equation (1).

H, =100
==

where H_is the height of the emulsified
layer (cm), and H is the total height of the liquid
column (cm). The result was expressed as a
percentage.

Emulsification index — Vegetable oils: To
verify the applicability of the emulsifier produced,
an emulsification index with vegetable oils was
determined. The procedure adopted was the same as
described for “Emulsification index — hexadecane”,
but using vegetable oils (sunflower, soybean, olive,
almond, castor, buriti, coconut and palm) instead of
hexadecane. Additionally, H was measured not only
after 24 h, but also after 48, 72 and 96 h of tube rest to
evaluate the stability of the emulsions.

Statistical analysis

Statistical analysis was performed with
STATISTICA 7.1 software (StatSoft, Inc., Tulsa,
OK, USA). The significance of the effects of the
variables was statistically verified through analysis
of variance (ANOVA) and the comparison between
means obtained by the application of Tukey’s test and
Dunnett. The level of significance was 5% (P <0.05).

RESULTS AND DISCUSSION

Selection of agro-industrial  by-products  for
bioemulsifier production with yeast extract and
ammonium sulfate

Biosurfactant production by Y. lipolytica
was optimized by FONTES et al. (2010) with glucose
(40 g/L) and glycerol (20 g/L) as carbon sources
and ammonium sulfate (10 g/L) and yeast extract
(0.5 g/L) as nitrogen sources. This medium, herein
called control (CTRL), was used in the present study
as a reference and the nitrogen sources (ammonium
sulfate and yeast extract) were, initially, used in the
same concentration to test, as carbon sources, the
agro-industrial by-products (10 g/L) individually:
RFO_palm (residual frying oil from palm oil), RFO _
soy (residual frying oil from soybean oil), BWhey
(butter whey), CWhey (cheese whey) and RWhey
(ricotta whey).

Results obtained for cell growth and pH
are presented in figure 1. Cell growth was higher for
CTRL and RFO_soy, achieving around 7 g of cells
(dry weight)/L at the end of the production process
(96 h). The control medium profile is in accordance
with the results of FONTES et al. (2010). It is a “rich”
medium because of the presence of simple carbon
sources and yeast extract as nitrogen and vitamin
sources, which favors cell growth. Residual frying oil
from soybean oil is also a good carbon source for a
microorganism that produces lipase (NUNES et al.,
2014). At this same time (96 h), in RWhey medium,
only 1 g of cells (dry weight)/L was detected, even
with YE and AS, and for the other by-products (RFO _
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Figure 1 - Y. lipolytica growth and pH in during
bioemulsifier production in media: Yeast
extract (YE) and ammonium sulfate (AS)
with glucose and glycerol (CRTL) or YE
and AS with agro-industrial by-products:
RFO_palm (residual frying oil from palm
oil), RFO_soy (residual frying oil from
soybean oil), BWhey (butter whey),
CWhey (cheese whey) and RWhey
(ricotta whey).

palm, BWhey, and CWhey) average values (3.5-4.5
g of cells (dry weight)/L) were obtained. The liquid
solution remaining after ricotta separation (RWhey)
has different characteristics than raw cheese whey
due to both, the severe thermal treatment and the
addition of acid salts (SANSONETTI et al., 2009).
It contains lower amounts of protein, lipids, and
energetic contents than the other dairy by-products
(MENESES et al., 2019). This might be the reason for
reduced cell growth. As for the pH, an increase was
observed for media containing dairy by-products,
which might be related to the metabolization of these
raw materials’protein content. On the contrary, for
the CTRL and frying oil by-products, a reduction in
pH was detected, usually related to the production

of organic acids by this yeast (da SILVA et al.,
2012). In the the oily residues, the metabolization of
triacylglycerols present in the oil generates free fatty
acids, which also reduces pH (NUNES et al., 2014).
Medium pH is of great importance for biosurfactant
production. BEDNARSKI et al. (2004) demonstrated
that the acidity of the medium is a parameter related to
the low production of biosurfactants. When studying
the influence of pH on Y. lipolytica biosurfactant
production, ZINJARDE & PANT (2002) observed
that the best productivity was obtained at pH 8.0.
Table 1 shows the increase in the emulsification
index (EI) during Y. lipolytica growth in different
media. Through a completely randomized factorial
scheme, the effects of the production media and
the fermentation time on EI were analyzed. Results
obtained for the analysis of variance (ANOVA) are also
shown in Table 1. Production medium (MEDIUM)
and fermentation time (TIME) significantly (p <0.05)
influenced bioemulsifier production. The interaction
between these two variables (MEDIUM x TIME) is
also significant, which shows that these factors do not
act independently.

Therefore, the Dunnett test was used to
compare the EI of each medium for each time with
the control (CTRL), and the Tukey test was also
performed to verify differences in fermentation time
for the same medium. These results are represented
by * (Dunnett test) or a letter (Tukey test) after the EI
value in Table 1. High emulsification index in the first
48 h (60.7%) was detected for the control medium,
attesting that the medium optimized by FONTES et
al. (2010), favors biosurfactant production. Bacillus
sp. was tested for biosurfactant production, and ZHU
et al. (2013) concluded that increased production also
occurred with the use of glycerol and glucose as the
carbon source. Values close to the control (CTRL)
were only obtained after the third day of fermentation
(72 h) for media containing residual frying oils
(RFO_palm and RFO_soy) according to Dunnett
test. The low pH found for these media (similar to the
CTRL) did not favor bioemulsifier productivity.

Conversely, dairy by-products (butter
and cheese whey) showed EI values statistically
equal to the control (maximum individual values of
63.3% and 69.0%, respectively) in the 96-h culture
period. CAGRI-MEHMETOGLU & KUSAKLI
(2012) showed that Bacillus subtillis ATCC6633
was able to consume lactose from whey, obtaining
good biosurfactant production in 72 hours of culture.
Ricotta whey was the only medium with a low
emulsification index during the entire cultivation.
A possible cause for the low EIL in this case, would
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Table 1 - Emulsification index during bioemulsifier production by Y. lipolytica and ANOVA for the evaluation of emulsification index
(independent variables) in relation to fermentation time (TIME) and production medium (MEDIUM): Yeast extract (YE) and
ammonium sulfate (AS) with glucose (Glu) and glycerol (Gly) (CRTL) or YE and AS with agro-industrial by-products:
RFO_palm (residual frying oil from palm oil), RFO_soy (residual frying oil from soybean oil), BWhey (butter whey), CWhey

(cheese whey) and RWhey (ricotta whey).

Production medium

Emulsification index (%)

Fermentation Time

0 24 48 72 96
CTRL (YE+AS+Glu+Gly) 0° 36.25° 60.76 62.14° 67.7°
YE+AS+RFO_palm 0° 7147 16.51 ™ 59.04* 60.00*
YE+AS+RFO_soy 0° 3577 3577 25.00* 31.42°
YE+AS+BWhey 0° 24.28 ™ 46.66 * 60.71 63.33*
YE+AS+CWhey 0° 25.00° 58.57° 65.47° 69.04
YE+AS+RWhey 0° 3.57™ 34.52° 18.75 ™ 10.71 "

ANOVA.

SV DF SQ MS F p-value
Production medium (MEDIUM) 10743.08 2148.62 29.2507 0.000000
Fermentation Time (TIME) 4 22576.78 5644.20 76.8385 0.000000
MEDIUM x TIME 20 6506.15 325.31 4.4286 0.000129
Residue 30 2203.66 73.46
Total 59 42029.67

SV: Sources of variation; DF: degree of freedom; SQ: sum of squares; MS: Mean square; F: fisher test; p-value: probability.

For emulsification index the number followed by () in the same column differ significantly (5% probability) from the control by Dunnet's

test.

For emulsification index the number followed by the same letter in the same line do not differ from each other (5% probability) by

Tukey's test.

be the insufficient cell biomass since biosurfactant
production depends on cell density.

Selection of agro-industrial ~ by-products  for
bioemulsifier production with corn steep liquor and
ammonium sulfate

The results show that agro-industrial
wastes could replace glucose and glycerol. The next
step was to replace yeast extract, an expensive input
for large scale productions, by corn steep liquor
(CSL). In this case, three CLS concentrations were
tested (1, 3, and 5 g/L), and the results are shown in
figure 2 and table 2.

Experiments showed reduced cell growth
for CSL concerning yeast extract (data not shown).
Media with glucose and glycerol (CTRL) and RFO
soy were still the best for cell growth, except for
the highest CSL concentration. Corn steep liquor
probably does not supply specific compounds present
in yeast extract that favor this yeast’s growth. pH

profiles were similar to those of media containing
yeast extract (data are not shown), with an increase
for the dairy by-products and reduction for the control
(glucose and glycerol) and the residual oils.

EI values above 60% were detected for
glucose and glycerol media with AS and CSL, for all
CSL concentrations tested (Figure 2), as also observed
for the yeast extract control (Figure 1), showing that
the replacement was successful. Figure 2 also depicts
null EI for RFO_palm for 1 and 3 g/L of CSL and low
EI for RFO_soy. For the dairy by-products, high values
of El could be observed. These results were statistically
evaluated, and the ANOVA is presented in table 2.

Production medium (MEDIUM),
fermentation time (TIME), and the interaction
between MEDIUM, TIME, and CSL concentration
([CSL]) were significant (p <0.05) for EI, according
to ANOVA (Table 2). The only variable that did not
influence the response (EI)was [CLS]. Dunnett and
Tukey tests were performed and are represented by *
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Figure 2 - Emulsification index during Y. lipolytica growth in

media containing: Corn steep liquor (CSL) 1.0 g/L
(A); 3.0 g/L (B) or 5.0 g/L (C) + Ammonium sulfate
(AS) with glucose and glycerol (CRTL2) or CSL 1.0
g/L (A); 3.0 g/L (B) or 5.0 g/L (C) and AS with agro-
industrial by-products: RFO_palm (residual frying
oil from palm oil), RFO_soy (residual frying oil
from soybean oil), B Whey (butter whey), C_Whey
(cheese whey) and R_Whey (ricotta whey). The
bars with a () on the top differ significantly (5%
probability) from the control (CTRL2) by Dunnett’s
test. The bars with a same letter in the top (for the
same medium) do not differ from each other (5%
probability) by Tukey’s test.

(Dunnett) and a letter (Tukey) in the top of the bars
of Figure 3, making it possible to compare results
considering the uncertainties of the values.
Statistically similar values compared to the
control, which contained glycerol and glucose, were

detected for BWhey, CWhey, and RWhey for all CSL
concentrations tested. For the oily residues (RFO
palm and RFO soy), similar values to the control
were only found at the end of the fermentation (72
- 96 h) for RFO_palm when 5 g/L of CSL was used.

Ciéncia Rural, v.51, n.4, 2021.
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Table 2 - ANOVA for the evaluation of emulsification index (independent variables) in relation to Corn steep licor concentration ([CSL]),
fermentation time (TIME) and production medium (MEDIUM) for media containing: Corn steep liquor (CSL) 1.0 g/L (A); 3.0
g/L (B) or 5.0 g/L (C) + Ammonium sulfate (AS) with glucose and glycerol (CRTL2) or CSL 1.0 g/L (A); 3.0 g/L (B) or 5.0 g/L
(C) and AS with agro-industrial by-products: RFO_palm (residual frying oil from palm oil), RFO_soy (residual frying oil from
soybean oil), BWhey (butter whey), CWhey (cheese whey) and RWhey (ricotta whey).

SV

Production medium (MEDIUM)
Fermentation time (TIME)

Corn steep liquor concentration [CSL]
MEDIUM X TIME

MEDIUM X [CSL]

TIME X [CSL]

MEDIUM X TIME X [CSL]

Residue

Total

DF

20
10

40
90
179

SQ MS F p-value
48079.6 9615.9 940.40 0.000000
48079.6 14045.1 1373.55 0.000000
56180.4 4.7 0.46 0.634532

9.3 759.9 74.32 0.000000
15198.9 1060.6 103.73 0.000000
10606.3 849.3 83.06 0.000000
6794.8 216.0 21.12 0.000000
8639.0 10.2
193587.9 26561.7

SV: Sources of variation; DF: degree of freedom; SQ: sum of squares; MS: Mean square; F: fisher test; p-value: probability.

YILMAZ et al. (2009) had already described the
potential of Y. lipolytica to produce biosurfactant from
whey, by using whey wastewater from a farm milk
factory. The biosurfactant produced presented high EI
and reduction of surface tension. ANDRADE et al.
(2015) observed that after 72 h maximum production
of biosurfactant and reduction of surface tension by
the yeast Candida glabrata (UCP1556) were possible

when intermediate concentrations of corn steep
liquor (3%) and whey (20%) were used. According
to FONTES et al. (2012), microorganisms can use
carbohydrates as a source of carbon and amino acids
as sources of nitrogen for biosurfactant production.
Therefore, it is suggested that Y. lipolytica was able to
use whey as a nutrient, probably as a carbon source,
as it is rich in lactose (carbohydrate) and corn steep

and palm).

Figure 3 - Emulsification index for cell-free medium (CFM) of Y. lipolytica
cultured for 96 h in media containing: Corn steep liquor 5.0 g/L
+ BWhey (butter whey) 10 g/L. Emulsification index measured
after 24 h, 72 h and 96 h of tube rest with CFM and vegetable
oils (sunflower, soybean, olive, almond, castor, coconut, buriti
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liquor as nitrogen source due to its high content of
amino acids.

Between the dairy by-products, BWhey
stood out because it showed similar results
to the control (CTRL) for all conditions and
fermentation times.

Effect of corn steep liquor and ammonium sulfate in
bioemulsifier production

To understand the CSL and AS effects, these
nitrogen sources were used alone (single nutrient sources
in medium) and mixed to one another and compared to
the addition of agro-industrial by-products.

No significant growth was observed in
media containing CSL in three different concentrations
(1.0, 3.0 and 5.0 g/L) as the sole nutrient or together
with AS (data not shown), implying that CSL in the
concentrations studied is not a good nutrient source
for cell growth, even when used together with AS. The
low concentration of this nutrient, mainly a nitrogen
source, may have contributed to the lack of cellular
proliferation in these media. The pH profile was
similar for all conditions studied, showing an increase
(data are not shown). This increase might be related
to nitrogen metabolism leading to the formation of
ammonia. Cell growth was also not stimulated with
ammonium sulfate as the sole nutrient source (data
not shown). The pH profile shows an increase in pH
values, indicating that the metabolization of AS also
leads to ammonia formation. When agro-industrial
by-products were used together with AS, cell growth
was slightly higher for some of them (data are not
shown), especially the oily sources. FONTES et
al. (2012) also reported that the addition of AS to
cashew apple juice, an agro-industrial by-product
from cashew production, did not stimulate cell
growth. The presence of CSL in those media was
only positive for RFO_soy. The pH profile for media
containing AS and agro-industrial by-products in the
absence or the presence of CSL (data not shown) was
similar to that of media with YE+AS+agro-industrial
by-products (Figure 1). The pH values increased for
dairy by-products and decreased for oily residues,
indicating that the generation of organic acids (free
fatty acids) from the metabolism of triacylglycerols
present in RFO influences pH reduction more than
the metabolism of AS or CSL. Besides, the increase
of pH value obtained with dairy by-products benefits
bioemulsifier production, as already mentioned.

As the concentration of CSL was not
significant for EI (in ANOVA, Table 2), [CSL] was
fixed in average value in this comparison study. EI
values for media containing only CSL or AS and with

the agro-industrial by-products are shown in table 3.
As expected AS as the sole nutrient source was not
able to induce biosurfactant production since it was
not enough to promote cell growth. When the agro-
industrial by-products were added to AS, only the dairy
by-products revealed an induction to biosurfactant
production. However, low EI values were obtained
(EI below 30 %). With CSL Y. lipolytica could secrete
biomolecules with emulsification activity, especially
with the highest CSL concentration, reaching EI of 40
% . Besides, when AS was added to CSL, EI values
of almost 60 % are depicted in table 3, showing that
CSL was a good biosurfactant inducer. The CSL
has been used in biosurfactant production media by
several researchers with good results, most generally
associated with a carbon source (LUNA et al., 2015;
da SILVA et al., 2017; SANTOS et al., 2013; SILVA
et al., 2014). Despite the high EI values for media
containing AS and CSL, when the agro-industrial by-
products were added to AS+CSL, higher values were
detected, particularly at lower fermentation times (48
h) (Table 3). BWhey, CWhey and RWhey were the
best agro-industrial by-products tested. BWhey was
also tested with CSL, without AS, in a medium that
can be considered as low-cost since only contained
agro-industrial by-products. This medium favored
EI, as the values detected for all fermentation times
(from 48 h to 96 h) were the highest. Therefore, it was
possible to obtain a high emulsification index with
Y. lipolytica in media containing agro-industrial by-
products without supplementation. Literature reveals
the use of several agro-industrial by-products for
biosurfactant production by many microorganisms
(SANTOS et al., 2013; SILVA et al., 2014; YILMAZ
etal., 2009; da SILVA etal., 2017; LUNA et al., 2015;
etc.). All of these references reported high values of
surface tension reduction and EI, but the majority use
supplements for agro-industrial media, as mineral
medium and/or vitamin sources. The exclusive use of
wastes is an advantage since it reduces cost and time
for media preparation.

Additionally, the use of the residual
liquid from butter or ricotta preparation, butter and
ricotta whey, for biosurfactant production has not
yet been reported in the literature. Cheese whey has
long been used for several purposes (SISO, 1996)
as well as for biosurfactant production nowadays
(YILMAZ et al., 2009). Butter and ricotta whey, as
inferior nutritional by-products, do not receive much
attention (SANSONETTI et al., 2009). These dairy
by-products (BWhey and RWhey) revealed to be
good raw materials for bioemulsifier production by Y.
lipolytica in the present study.

Ciéncia Rural, v.51, n.4, 2021.



Butter whey and corn steep liquor as sole raw materials to obtain a bioemulsifier from Yarrowia lipolytica for food... 9

Table 3 - Emulsification index during bioemulsifier production by Y. lipolytica in relation to fermentation time (TIME) and production
medium (MEDIUM) for medium containing: AS (ammonium sulfate), CSL (corn steep liquor) (1.0 g/L, 3.0g/L or 5g/L), CSL
(1.0, 3.0 or 5.0 g/L) and AS (ammonium sulfate), ammonium sulfate with agro-industrial by-products: RFO_palm (residual
frying oil from palm oil), RFO_soy (residual frying oil from soybean oil), BWhey (butter whey), CWhey (cheese whey) and
RWhey (ricotta whey), ammonium sulfate, CSL and agro-industrial by-products: RFO_palm, RFO_soy, BWhey, CWhey and
RWhey and only agro-industrial by-products (CSL 5.0g/L and BWhey).

Production medium

Emulsification index (%)

Fermentation time:

0 24
AS 0 0°
CSL 1.0 0 0°
CSL3.0 0 0°
CSL 5.0 0 0°
CSL 1.0+ AS 0 0°
CSL 3.0 + AS 0 20.96
CSL 5.0+ AS 0 26.12%
AS + RFO_palm 0 0°
AS + RFO_soy 0 0°
AS + BWhey 0 0°
AS + CWhey 0 0°
AS + RWhey 0 0°
AS + CSL + RFO_palm 0 0°
AS + CSL + RFO_soy 0 12.86 ¢
AS + CSL + BWhey 0 46.22°
AS + CSL + CWhey 0 42,94
AS + CSL + RWhey 0 37.80
CSL 5.0 + BWhey 0 0°

48 72 96
0¢ 0¢ of
0¢ 32.05°¢ 0f
32.05¢ 20.71 ¢ of
30.95 ¢ 41.43 of
44.00 52.75° 57.00 *°
49.70 36.80 57.87 ™
29.94¢ 56.06° 15.34¢
0¢ 0¢ 0f
0¢ 0¢ of
6.67" 7.14F 0f
69" 27.38 % of
69" 13.81°¢ 0f
14.36° 17.65 * 21.89°¢
1533 °¢ 20.16 ¢ 595¢
56.37° 55.40° 66.33°
62.57° 64.50 ° 56.25°
54.74° 58.90 * 63.51%
66.27° 64.70 66.76 °

For emulsification index the number followed by the same letter in the same column (same fermentation time) do not differ from each

other (5% probability) by Tukey's test.

Vegetable  oil-in-water  emulsions  with  the
bioemulsifier produced with BWhey and CSL

A practical way to verify biosurfactant
applicability would be to determine its ability to
convert immiscible liquids into stable emulsions
(MAHANTY et al., 2006). Therefore, the cell-free
medium obtained after 96 hours of Y. lipolytica
cultivation in the medium containing BWhey (10
g/L) with CSL (5.0 g/L), herein called Y/BWhey
emulsifier (Y. lipolytica bioemulsifier produced
from butter whey and steep corn liquor), was used
to measure emulsification index with vegetable oils.
Eight different vegetable oils (sunflower, soybean,
olive, almond, castor, buriti, coconut and palm) were
tested and measurements verified the stability of the
emulsion after 24, 72, and 96 h (Figure 3).

YIBWhey emulsifier formed emulsions
with all vegetable oils tested, with emulsification

indexes higher than 50 %. Palm oil was the best
emulsified organic phase with Y/BWhey emulsifier,
while almond and olive oils were the poorest.
All emulsions formed with the vegetable oils and
YIBWhey emulsifier can be considered stable since
EI values were maintained for 24 h, 72 h, and 96 h
(Figure 3). The emulsions formed were visually
compact and remained stable for a month (30 days) at
room temperature (data not shown).

Da SILVA et al. (2017) studied
some hydrophobic compounds to evaluate the
emulsification index of cell-free broth containing
biosurfactant from Pseudomonas cepacia and high
EI was obtained for motor oil, lubricating oil, and
diesel, indicating an application for petroleum-based
products. In contrast, for that biosurfactant, EI was
low for soybean oil. DAVEREY & PAKSHIRAJAN
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(2009) obtained better emulsification indices with
vegetable oils (soybean oil, olive oil, sunflower oil,
and mustard oil) when using sophorolipids produced
by Candida bombicola. For the biosurfactant
produced by C. lipolytica, the best emulsification
indices were obtained for petroleum (100%) and
motor oil (94%), while lower values were detected
for corn and soybean oils (47%) (SANTOS et al.,
2013). The ability to produce an emulsion is related
to the compatibility between the conformational
structure of the biosurfactant and the hydrophobic
compound, which will allow the microscopic drops to
be stabilized or not (SILVA et al., 2014). In the present
study, the cell-free media containing bioemulsifier
produced by Y. lipolytica with only agro-industrial
by-products, have shown good compatibility with
vegetable oils to obtain oil-in-water emulsions. This
result indicated a possible use of this bioemulsifier
for food applications. For example, salad dressing is
composed of vegetable oils, and usually, egg yolk is
used as an emulsifying agent, but it has been partially
substituted by other emulsifiers to reduce fat content
and increase microbiological stability (RISCARDO
et al., 2003).

CONCLUSION

High emulsification indices were detected
in cell-free media obtained after Y. lipolytica growth
in media containing residual frying oil or dairy by-
products (butter whey, cheese whey, or ricotta whey)
as carbon sources and yeast extract and ammonium
sulfate as vitamin and nitrogen sources. Yeast extract
was successfully replaced by corn steep liquor (CSL),
maintaining high emulsification indices in cell-free
media. Butter whey (BWhey) was one of the best by-
products for bioemulsifier production by Y. lipolytica
and the same emulsification index was achieved with
its use with CSL, without any other component in
the culture medium. Besides, the inoculum medium
containing only these two raw materials could
replace YPD “rich” medium, with the same EI during
bioemulsifier production, which decreases production
cost. This bioemulsifier, Y/BWhey emulsifier,
showed good EI for vegetable oil-in-water emulsions,
indicating possible application in the food industry.
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