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Abstract

Non-conventional yeasts represent an alternative for microorganisms that are capable to produce the enzyme Tannase
(EC 3.1.1.20), which has many applications is the food and pharmaceutical industry as it stands out for its ability to produce
ellagic acid out of the enzymatic hydrolysis of ellagitannins. Ellagic acid has been studied in the medical area for its action against
various diseases, as is the case of cancer or heart problems. The investigation was conducted to evaluate seven non-conventional
yeasts - Debaryomyces hansenii PYC ISA 1510, Debaryomyces hansenii PYC 2968, Candida parapsilosis, Candida utilis, Pichia
pastoris, Pichia kluyveri, Issatchenkia terricola - as producers of the enzyme tannase. This was done in mediums of fermentation
with tannic acid (1-3%) and YPD without tannic acid, to determine the activity of the enzyme by two spectrophotometric
methods, the first being with rhodamine and the second with methyl gallate, to detect the presence of gallic acid as a product
of the hydrolysis of tannic acid. The main results showed that the evaluated non-conventional yeasts all presented activity with
the Tannase enzyme, obtaining better detection results with the rhodamine technique for the stability of the formed complex,

which gives more precision of the obtained data.

Keywords: non-conventional yeasts; enzymatic activity; tannase; ellagic acid; hydrolysis.

Practical Application: The spectrophotometric determination of strains of non-conventional yeasts capable of producing
enzyme tannase allow their use in new biotechnological processes.

1 Introduction

Ellagic acid is a polyphenolic compound obtained by
the degradation of ellagitannins present in various fruits and
plants, which has a lot of applications in various areas such
as nutraceutical, pharmaceutical, cosmetic and food industry
(Vazquez-Flores et al., 2012). A large amount of research has
been carried out to produce ellagic acid where three main factors
have been considered, degrading enzymes of ellagitannins
such as tannase (EC 3.1.1.20) and -glucosidase (EC 3.2.1.21),
filamentous fungi of the genus Aspergillus that are the principal
producing organisms of these enzymes, and different vegetal
sources rich in ellagitannins. The use of fungi entails an increase
in the amount of substrate required for their growth and a longer
time for fermentation, which in turn has an impact on the energy
costs. For these disadvantages, the investigation is developing
alternatives to improve said process, using non-conventional
yeasts as microorganisms that produce the enzymes of interest,
reducing fermentation time, costs of maintenance and adaptation
of microorganisms.

The investigations that have been carried out on the production
of tannase in yeasts are very scarce. Aoki et al. (1976) began
reporting the production, purification and characterization of
the enzyme tanasa of a Candida yeast sp. K-1. Albertse (2002)
managed to express the tannase gene from A. oryzae in a strain

of Saccharomyces cerevisiae. Zhong et al. (2004) cloned and
expressed the tannase gene from A. oryzae in the yeast Pichia
pastoris, and Shi et al. (2005) found tannase activity in the C. utilis
strain. This investigation seeks to expand the information about
the production of tannase in non-conventional yeast strains that
have not been reported in the literature, pointing out that these
strains have not been genetically modified.

The yeasts that are detected with the highest enzymatic activity,
will be used to produce ellagic acid by means of a fermentation
process. Using the enzymatic function of hydrolysis of the tannase,
on the ester bonds that bind the hexahydroxydiphenic acid
molecules (HHDP) with the glucose molecule, to then undergo
a spontaneous lactonization of the HHDP molecule, the product
of interest is obtained. Tannase is known as an enzyme that
hydrolyses the tannic acid ester to give gallic acid and glucose.
In the presence of tannase, the ester linkages between the HHDP
and glucose groups that make up the ellagitannins in strawberry
and blackberry should be broken. The non-conventional yeasts
are an option to produce ellagic acid through the enzymatic
activity for tannase. In the present investigation, presence of
said activity has been analysed in the following microorganisms:
Debaryomyces hansenii PYC ISA 1510, Debaryomyces hansenii
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PYC 2968, Candida parapsilosis, Candida utilis, Pichia pastoris,
Pichia kluyveri, Issatchenkia terricola.

2 Materials and methods
2.1 Strains of non-conventional yeasts

Twenty-one strains of non-conventional yeasts were analysed,
of which seven strains were selected. Two of the non-conventional
yeast strains, which are D. hansenii PYC 2968 and D. hansenii
PYCISA 1510 come from the Higher Institute of Agronomy in
Lisbon, Portugal. The strains C. utilis, C. parapsilosis, P. kluyvery,
I terricola and P. pastoris are maintained and conserved in
the strain collection of the Biochemistry Laboratory of the
Tecnoldgico de Morelia. The selection was made based on the
screening described below.

2.2 Screening of non-conventional yeast strains

The yeasts strains were inoculated in a medium containing
5g L' (NH,),SO,, 0.5 g L MgSO,.7H,0, 1 g L K,HPO,,
1gL"'KH,PO,,0.02 CaCl,.2H,0, 20 g L glucose, 10 g L' casein
peptone, 10 g L yeast extract, 30 g L' agar, sterilized in a Felisa
autoclave model FE-398 at 121 °C for 15 minutes. The strains
underwent successive adaptation with tannic acid concentrations
of 1to 3% (w/v). As a control a medium without tannic acid was
used. After 24 hours in the KITlab incubator model EK-36 at 30 °C
the strains that grew in all the concentrations were selected.

2.3 Culture conditions and yeast growth

The selected strains were inoculated in liquid culture
medium, 5 g L' (NH,),SO,, 0.5 g L' of MgSO,.7H,0, 1 g L' of
K,HPO,, 1 g L' KH,PO,, 0.02 of CaCl,.2H,0, 20 g L' glucose,
10 g L of casein peptone, 10 g L! of yeast extract, 1-3% (w/v) of
tannic acid, with initial cell concentration of 3x10°. Afterwards
they remained for 24 hours in the Shaker SI-300R at 180 rpm
at 30 °C. The sampling time was taken every 4 hours. As a control
a medium without tannic acid was used.

2.4 Cellular concentration

The cell concentration was determined by a direct count in
Neubauer’s camera using 100 pL of the fermentation medium
and 1% methylene blue for staining the cells. The technique of
Gonzalez-Hernandez et al. (2015), was taken and modified.
With this cellular count, the lag growth phase was determined,
exponential and stationary. With the equation dN/dt=uN the
integral was obtained: Ln (number of cells / mL) — Ln (number
of initial cells / mL) = ut. When graphing the Ln of the number
of cells versus the time, L is the slope in the graph. The lag phase
and the stationary phase have a slope of zero. The lag phase is
for the adaptation of the cells and is very short. The stationary
phase takes longer, there is no increase in the number of cells
and it is when the most metabolic reactions take place.

2.5 pH

The taken and modified technique of Gonzalez-Hernandez et al.
(2015), indicates that a sample of 1.5 mL must be taken every
4 hours during the 32 hours of development of the fermentation
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kinetics, by means of a Hanna Instruments® potentiometer the
hydrogen potential was measured.

2.6 Sugar reducers

Using Miller’s technique (Miller, 1959), the consumption
of sugar reducers was analysed in the four different media:
0%, 1%, 2%, and 3% of tannic acid. An aliquot of 1 mL was
taken and centrifuged. Of the supernatant 10 pL was taken
and mixed with 3,5-dinitrosalicylic acid (DNS). The reaction
was carried out at 100 °C in a water bath and then taken to an
ice bath. The solution was measured in Perkin Elmer Lambda®
35 spectrophotometer at 540 nm.

2.7 Quantification of the protein

The production of extracellular protein was analysed by the
Bradford technique (Bradford, 1976). 50 uL of the supernatant
obtained by centrifugation of the fermented medium was taken
to react with the Bradford reagent and was quantified in the
Perkin Elmer Lambda® 35 spectrophotometer at 595 nm.

2.8 Determination of enzymatic activity of tannase

The enzymatic activity of tannase has been determined by
two methods. For the first determination, a modification was
made to the method described by Sharma et al. (2000).

50 uL of enzymatic extract was mixed with 250 pL of citrate
buffer 50 mM (pH 5,0) and 450 pL of methyl gallate substrate
10 mM (Sigma Aldrich) dissolved in citrate buffer 50 mM (pH 5.0).
The mixtures were incubated in a Felisa digital thermobath
for 5 minutes at 30 °C. After incubation, 300 pL of rhodamine
(2-thioxo-4-thiazolidione, Sigma Aldrich) was added at a
concentration of 0.667% and then incubated for 5 minutes at
30 °C. A solution of 200 pL of 0.5 N KOH was added and the
mixture was incubated for a further 5 minutes at 30 °C. At last
the mixture was diluted with 4 mL of distilled water. The reading
was performed on the Perkin Elmer Lamba spectrophotometer
35at 520 nm.

The second method was taken and modified from the
methodology described by Nishitani & Osawa (2003). 50 uL of
the enzymatic extract was mixed with 450 pL of phosphate buffer
40 mM (pH 5,0) and 500 pL of a solution that contains methyl
gallate 50 mM (Sigma Aldrich) in phosphate buffer. The mixtures
were incubated at 37 °C for 24 hours, then 1000 uL of saturated
sodium bicarbonate solution was added. The absorbance was
read at 450 nm by an Epoch® microplate spectrophotometer

3 Results and discussion
3.1 Growth kinetics

The objective of the growth kinetics is to determine the
characteristic growth phases of the yeasts. In Figure 1, the
growth kinetics of D. hansenii PYC ISA 1510 are shown, in
part a) the cell growth of the YPD medium that was used as a
control is shown, observing the start of the stationary phase at
hour 8, the same as with the media; b) 1%; c) 2% and d) 3%,
respectively. There can be seen that the adaptation phase of the
microorganism is lower in the concentration of 0% or control
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and of 1% of inducer lasting 2 hours, while for 2% and 3% of
inducer the adaptation phase prolongs up to 4 hours.

One can notice that when increasing the inductor concentration,
the cellular concentration decreases. This was seen in the rest
of the yeasts, for which the doubling time (t,) and the specific
growth rate (i) were evaluated. In Table 1 the behaviour of yeast

2648 {

1E+8 o
6E+7 o

3E+6

2E+8 4 b)

1E+8 4

G6E+7 o

3E+6

Cell (mL)*

26+8 {4 )
1E+8 -

6E+7 A

1E+6 u—-—t”-——w

0 -4 8 12 16 20 24 28 32

2E+8 A d)

1E+8 4

G6E+7 -

W

0 4 8 12 16 20 24 28 32
Time (h)

3E+6

Figure 1. Cellular growth kinetics of D. hansenii PYC ISA 1510,

a) YPD control (), b) 1% of tannic acid (#), ¢) 2% of tannic acid (m),
d) 3% of tannic acid (A).

inliquid media with tannic acid has been shown in a comparative
way with respect to the control.

The growth kinetics show a typical behaviour of strains
of yeasts where we can highlight the determination of the
stationary phase, whose importance at this point is that during
the exponential phase the enzymes are produced in small
quantities and accumulate in this phase. There was a decrease
of cellular concentration while the concentration of tannic acid
increased, however, these dates are found within the reported
values for non-conventional yeast like Candida shehatae, Candida
guilliermondii and Saccharomyces kluyvery, with average growth
rates of 0.32 + 0.01 h', 0.30 = 0.07 h! and 0.19 + 0.02 h'},
respectively, (Gonzalez-Herndndez et al., 2015).

As can be seen the average growth rate decreases while
the concentration of tannic acid increases for D. hansenii PYC
2968, C. utilis, C. parapsilosis and P. kluyvery. In the case of
I terricola and P. pastoris the difference decreases between
the concentrations of tannic acid and the YPD control.
For D. hansenii PYC ISA 1510, there is no significant difference
between the concentrations evaluated, which gives an indication
that the substrate was better metabolized. The parameter that
give us the information as an indicator of the yeast metabolism,
being used to check the effect, whether positive or negative, of
a substrate on the microorganisms is the time of duplication.
For the strains, D. hansenii PYC 2968, C. utilis, C. parapsilosis,
the duplication time was growing as the concentration of tannic
acid increased, being a positive effect of it on the metabolism
of the microorganism. The time of duplication for P. kluyvery
and I. terricola decreases when increasing the concentration of
tannic acid, indicative that the yeast metabolism has a positive
effect to process the tannic acid. D. hansenii PYC ISA 1510 and
P, pastoris are yeasts that do not present difference in the values
of the time of duplication with respect to the control, indicating
that their metabolism is processing the molecules of tannic acid
with greater normality than the other strains of yeast.

3.2pH

The variation of the extracellular pH, corresponding to
each one of the non-conventional yeast in the YPD medium are
shown in Figure 2a. In Figure 2b, the results of the extracellular
pH quantified in D. hansenii PYC 2968 are shown, with the three
inductor concentrations and the control. There can be seen that the
tannic acid influenced the initial pH of each medium, decreasing
according to the increase of this concentration. In addition, the
mechanism of acidification of the medium was carried out in the

Table 1. Duplication time (t,) and specific growth rate (u) of the yeasts in YPD medium and media with tannic acid concentrations (1% -3%).

The data is presented as the mean + standard deviation, n=2.

Yeast YPD Tannic acid (1%) Tannic acid (2%) Tannic acid (3%)
- b () tp ) b () t, () ) t, (h) ) ()
D. hansenii PYC 2968 0.30+0.07 1.64+0.11 0.28+0.06 1.72+£0.10 0.26+0.08 1.98+0.10 0.21+0.05 2.33+0.14
C. utilis 0.30+0.09 1.68+0.05 0.22+0.07 2.31+£0.14 0.20+0.08 2.80+0.41 0.21+0.08 2.74+0.41
C. parapsilosis 0.23+0.05 2.07+0.18 0.21£0.02 2.27+0.44 0.21+0.02 2.28+0.50 0.14+0.03 3.53+0.18
P. kluyvery 0.21+0.00 2.38+0.68 0.17£0.02 1.77£0.18 0.15+0.02 2.03+0.30 0.12+£0.01 2.08+0.55
L terricola 0.24+0.00 2.09+0.57 0.26+0.04 1.20+0.16 0.25+0.06 1.36+0.33 0.24+0.09 1.74+0.64
P. pastoris 0.26+0.08 1.98+0.06 0.24+0.06 2.01+£0.09 0.28+0.08 1.79+0.01 0.25+0.05 1.89+0.17
D. hansenii PYC ISA 1510 0.16+0.02 3.07+0.50 0.16£0.00 1.85%0.04 0.15+0.00 1.95+0.00 0.15+0.00 2.03+0.04
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same way as without inductor, for which it is ruled out that it
has a secondary effect on the plasma membrane. This tendency
was also found in the six remaining yeasts.

During the process of the lag phase it continues to be constant,
as it moves towards the exponential phase it decreases, it becomes
constant again in the stationary phase. The decrease of the pH
in the exponential phase is related to the activity of the ATPase
of the protons of the plasma membrane, which participates in
the regulation of the average internal pH by pumping protons
to the outside of the cells (Gonzalez-Hernandez et al., 2015).

The pH range in which the medium is found for the four
different concentrations is the optimum for tannase, since it
has been reported that its maximum activity occurs at acid pH
values (4.3-6.5) (Ramirez-Coronel et al., 2003). Barthomeuf et al.
(1994), determined that the pH with values lower than 3.5 the
enzyme is unstable, while at values above 5.0 the hydrolysis of
the substrate and the diffusion of the enzyme in the medium
is carried out. Making a comparison with the dates of pH that
were obtained in this investigation, where the acidification of the
fermentation was maintained above a pH of 5.0, to consider the
possibility that the tannase enzyme that was determined in this
investigation was extracellular. However, this is not a decisive
parameter that permits this to be an overwhelming conclusion.
So that this term is only used as an indicative, which could
help to explain its spectrophotometric determination without
requiring a cellular breakdown.

3.3 Sugar reducers

The consumption of the sugar reducers was carried out in
the expected manner in the YPD media and with a concentration
of 1% of tannic acid for all the yeasts, however, a different behaviour
for 2% of tannic acid for the yeast D. hansenii ISA 1510 was
observed, which is shown in Figure 3a, where until the 20" hour a
progressive consumption is shown. In the case of the fermentation
mediums with 3% of inducer, there can be seen in Figure 3b,
for C. utilis and Figure 3a for D. hansenii ISA 1510, that there
does not exist a significant decrease in the existing glucose in
the medium, beginning to observe almost constant values that
fluctuate near the 15 g/L.

The same behaviour was observed with C. parapsilosis where
the kinetics with 1% and 2% had a similar behaviour to the control
(medium with YPD) (Figure not shown), while the kinetic with
3% if the acid kept swinging around the 15 g/L. In the case of
P, pastoris, P. kluyveri, and L. terricola no significant differences
between the mediums of fermentation that were compared have
been found. For D. hansenii PYC 2968 the consume was more
stable and like the control in comparison to the rest of the kinetics.

The behaviour of the consumption of reducing sugars is
attributed to the general reaction of hydrolysis of tannase on the
tannic acid molecule, in which it gives as a new product gallic acid
molecules and a glucose molecule for each substrate molecule,
which may explain why the amount of sugars in the medium
does not decrease in fermentations with higher concentration
of inducer in the kinetics of D. hansenii ISA 1510, C. utilis and
C. parapsilosis
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Figure 2. Changes of pH during fermentation, a) Medium YPD, P. pastoris (0),
D. hansenii PYC 2968 (0), D. hansenii PYCISA 1510 (-), C. utilis (A), P. kluyveri
(m), L terricola (o), C. parapsilosis (). b) D. hansenii PYC 2968, YPD control (e),
b) 1% of tannic acid (¢), ¢) 2% of tannic acid (®), d) 3% of tannic acid (A ).
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Figure 3. Consumption of reducing sugars of the strains: a) D. hansenii

PYC ISA 1510; b) C. utilis, YPD control (e), 1% of tannic acid (¢),
2% of tannic acid (m), 3% of tannic acid (A).
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3.4 Enzymatic activity

In the nineties, the production of the enzyme tannase was
mainly attributed to the fungal species, from the year 2000
studies were started showing that the production of the enzyme
was also carried out by bacteria and yeasts. In the same way it
was determined that, depending on the microorganism and
the fermentation conditions, it is inducible or constitutive.
The mechanics of induction and repression are not clear and there
is some controversy about the role played by some compounds in
their regulation (Aguilar et al., 2001a, 2001b). However, Doi et al.
(1973), Beverini & Metche (1990), reported that tannase is an
inducible enzyme and Lekha & Lonsane (1994), Chatterjee et al.
(1996) reported that it was extracellular. For this investigation,
given that the mediums with 0% of tannic acid concentrations
presented zero enzymatic activity, the indication is given that for
non-conventional yeasts the enzymatic production of Tannase are
inducible, as the enzymes are not being continuously expressed
without the induced conditions in the medium. Furthermore, it
can be considered as a positive induction as the substrate triggers
the synthesis of enzymes, unleashing this reaction through the
inductor. The inducible systems correspond to enzymatic methods
that degrade a compound. In comparison, a repressor carries
out a negative induction, where the final product of the reaction
that catalyses the enzyme prevents a synthesis, corresponding
these systems to metabolic routes.

As can be seen in Figure 4, for P. pastoris, (a) using the methyl
gallate technique, and (b) with the rhodamine technique, that
when increasing the presence of tannic acid in the medium, the
expression of the enzyme amplifies, being null in the mediums
with YPD.

There can be seen that this tendency maintains in both methods,
increasing the enzymatic activity while increasing the concentration
of the inducer, however, the methyl gallate technique gives minor
enzymatic activity values. This may be due to the stability of the
technique with respect to rhodamine. During this investigation
with the rhodamine methodology, enzymatic activity began
around 2 h of fermentation. As the concentration of tannic acid
increased in the medium the activity also increased. The highest
values were presented in the strain P. pastoris, with 0.4934 at
32h,0.6987 at 24 h and 1.57 at 12 h umol (min mg of protein)™
for 1%, 2% and 3% of tannic acid respectively. After which the
values of D. hansenii ISA 1510 were presented with the maximum
activity at 12 hours of fermentation with 3% of inducer, presenting
1.1354 umol (min mg of protein)?, followed by 0.9829 pmol/min
mg of protein at 16 hours with 2% inducer, and finally 0.3559
pmol (min mg of protein)™ with 1% tannic acid. For C. parapsilosis
values of 1.2596 pmol (min mg of protein)* were obtained with
12 hours of fermentation with 3% of tannic acid, after 32 hours
of fermentation with 2% of inducer, 0.7662 pmol/min mg of
protein was obtained. The maximum enzymatic activity values
presented by D. hansenii PYC 2968 for 1%, 2% and 3% of tannic
acid were 0.3342, 0.7100 and 1.0528 pmol/min mg of protein,
respectively with 24 hours of fermentation for the 3 cases.
C. utilis obtained, 0.5848 and 0.2780 umol (min mg of protein),
for the media with 1%, 2% and 3%, respectively with 28 hours
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Figure 4. Enzyme activity of tannase for yeast P. pastoris, a) Methyl
gallate method; b) Rhodamine. YPD control (o), 1% of tannic acid (4),
2% of tannic acid (®), 3% of tannic acid (A).

of fermentation. P. kluyvery with 28 hours of fermentation, for
kinetics with 1%, 2% and 3% of inducer, 0.9220, 0.9330 and 0.9805
umol (min mg of protein) ' respectively. Finally, were the values
obtained using I. terricola with 0.8251 pmol (min mg of protein) !
with 1% inducer with 28 hours of fermentation, 0.6142
pumol (min mg of protein)* with 2% acid with 28 hours,
and 0.7559 pmol (min mg of protein)! with 3% inducer and
32 hours of fermentation.

In Table 2 a summary of the results of the enzymatic activity
of obtained Tannase is presented with the seven non-conventional
yeasts in the mediums with 1, 2, and 3% of tannic acid. The results
are expressed as the average of the ten measurements that were
realized at the lengths of the 32 hours that took the kinetics to
obtain the standard deviation, which indicates how scattered
the data are in respect to the mean. The higher the standard
deviation is, the greater the scattering of the data will be. There
can be seen that the determined activity with methyl gallate is
less in comparison with the results obtained with rhodamine.
In general, it is seen that in both methods an increase in the
enzymatic activity exists when increasing the concentration of
tannic acid. This is more evident between 2% to 3% of acid in the
medium with D. hansenii PYC 2968, D hansenii PYC ISA1510,
C. parapsilosis and P. pastoris standing out. It is important to
note that the results of the control with YPD or concentrations
with 0% of tannic acid where omitted, since there were seen
negative enzymatic activities, indicating that the enzymatic
activity was zero.
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Table 2. Enzyme activity of tannase expressed in umol/min mg protein, in YPD medium with tannic acid concentrations (1%-3%), expressed for

Tannase enzyme in non-conventional yeasts

two spectrophotometric methods: methyl gallate and rhodamine. The data is presented as the mean + standard deviation, n=10.

Enzyme activity of tannase (umol/min mg protein)

Spectrophotometric Yeast Concentration of tannic acid
methods
1% 2% 3%

D. hansenii PYC 2968 0.0756+0.0105 0.1281+0.0284 0.1705+0.0380

C.utilis 0.0336+0.0067 0.0633+0.0157 0.1011+0.0146

C. parapsilosis 0.0533+0.0267 0.1208+0.0281 0.1606+0.0372

Methyl Gallate P, kluyvery 0.07451+0.0080 0.0604+0.0078 0.0521+0.0092
L terricola 0.0657+0.0132 0.0517+0.0132 0.0568+0.0173

P. pastoris 0.0592+0.0081 0.0930+0.0138 0.1097+0.0636

D. hansenii PYC ISA 1510 0.0766+0.0087 0.1186+0.0143 0.1681+0.0224

Enzyme activity of tannase (umol/min mg protein)
Yeast Concentration of tannic acid
1% 2% 3%
D. hansenii PYC 2968 0.2613+0.0580 0.5832+0.1223 1.0085+0.1422
. C.utilis 0.1713+0.0691 0.4300+0.1185 0.7262+0.1938
Rhodamine o

C. parapsilosis 0.2532+0.0926 0.6664+0.1661 1.0876%0.2166

P kluyvery 0.5744+0.2448 0.5458+0.3192 0.5601+0.2663

L terricola 0.4954+0.1958 0.3781+0.1462 0.5640+0.1617

P. pastoris 0.3642+0.0725 0.6911+0.1211 1.3124+0.2967

D. hansenii PYC ISA 1510 0.2836+0.0811 0.8365+0.1151 1.1521+0.0978

pmol/min mg_protein
-
4

D. hansenii C.utilis C. parapsilosis  P. kluyvery L terricola P. pastoris D. hansenii
PYC 2968 PYC ISA 1510

Figure 5. Enzyme activity of tannase determined with: a) Rhodamine:
1% of tannic acid (1), 2% of tannic acid (2), 3% of tannic acid (3);
b) Methyl gallate: 1% of tannic acid (1), 2% of tannic acid (2), 3% of
tannic acid (3). Comparison of the two methods.

In Figure 5, a bar graph is presented in order to compare
the enzymatic activity of the seven yeasts using the two
spectrophotometric methods, a) rhodamine and b) methyl gallate.
The data are expressed as the average of the 10 measurements
made along to the kinetics, determining with methyl gallate
that the yeasts with greater enzymatic activity are: D. hansenii
PYC 2968, D. hansenii PYC ISA1510 and C. parapsilosis,
while P. kluyvery and L. terricola, had the lowest activity. For the
technique with rhodamine, the values obtained are of greater
magnitude, indicating that the method has greater stability, noting
that D. hansenii PYC ISA1510, P. pastoris and C. parapsilosis,
as well as with methyl gallate P. kluyvery and L. terricola, had
the least activity.

When comparing the results with previous investigations
it showed that for the Lactobacillus plantarum bacteria of

562

strains ATCC14917, CNRZ 184, and 61 D, tannase activities
of 0.0057 + 0.0002, 0.0008 + 0.0001, <0.0001 U mL"!
respectively, were reported (Nishitani & Osawa, 2003);
for fungal species such as the Aspergillus strain Aa20 they
have been reported from 0.62 to 1.30 U mL". The strain
Aspergillus sp. GM4 presented enzymatic activity values of
0.13 + 0.04 to 1.44 + 0.43 U (mg of protein)’, (Souza et al.,
2015). Shi et al. (2005), found tannase activity in the strain
C. uilis with values of 32 U cm™ with 9 days of fermentation.
Zhong et al. (2004) cloned and expressed the tannase gene
from A. oryzae in the yeast P. Pastoris, obtaining quantities of
7000 U L of extracellular tannase with 96 h of fermentation.
The activity in the aforementioned bacteria is lower than that
determined during this investigation, the values obtained in the
fermentations with Aspergillus strain Aa20 and Aspergillus sp.
GM4, are similar to those obtained with P. pastoris and
D. hansenii ISA 1510 and the values obtained in C. utilis with
9 days of fermentation making an extrapolation of the data
could reach these values by increasing the time of processes.

According to the research conducted by Beverini & Metche
(1990), they determined that the activity of the enzyme tannase
is carried out in two ways: depolymerization and esterification.
In the first case, it acts on the ester bond between glucose and
gallic acid giving as products glucose, gallic acid and some
intermediaries. In the second case, it acts on the ester bond of
methylated tannic acid, obtaining tannic acid and methanol.
The tests with rhodamine that detects the presence of gallic
acid and the constant presence of glucose in the fermentation
media determined by DNS, indicate that the enzyme tannase
produced by the yeasts is depolymerised.

The generation of glucose and gallic acid by means of
hydrolysis was the basis for the determination of the enzymatic
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activity. The first method with rhodamine reacted with the gallic
acid present in the medium, forming a chromogen with the
rhodamine and being stable in a alkaline medium only at the
KOH concentration that marks the technique, since increasing
the concentration self-oxidizes the gallate. The chromogen is
stable after its formation for at least 20 minutes at 30 degrees,
regardless of the concentration of gallic acid, (Sharma et al.,
2000). The second method detects the gallic acid product of
the rupture of the bond between the acid molecule and the
methyl radical, which make up the methyl gallate that acts as
a substrate to be hydrolyzed by the tannase. The later released
gallic acid is oxidized to give an easily degradable green to brown
colour being stable for a maximum of 1 minute. In addition, the
amount of enzyme present in the medium may not be sufficient
to hydrolyse the tannic acid molecule and the substrate provided
by the technique, making it difficult to differentiate which gallic
acid is being measured. Based on this, it is determined that the
most suitable tannase detection method for this investigation is
the rhodamine technique, for the stability of the formed complex
and for the best precision of the obtained results.

4 Conclusion

The seven non-conventional yeasts evaluated present
enzymatic activity of tannase, with indications of being inducible
and extracellular, empathising that for their determination it
was not required to break the cellular membrane and there was
only enzymatic activity with the presence of tannic acid and
zero activities in the control medium or those with 0%. Of the
non-conventional yeasts, D. hansenii ISA1510 and P. pastoris
stand out.
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