PRODUCTION OF TOTAL POLYPHENOLS BY A. NIGER LIQUID
FERMENTATION USING AGRO-INDUSTRIAL AVOCADO WASTE AS
SUBSTRATE

Dia a dia se buscan alternativas para el tratamiento de las afecciones
médicas, dentro de las bases que se buscan enfatizar en la produccion
de biocompuestos para su aplicacion como tal alternativa, esto, el
aprovechamiento de residuos agroindustriales para la reduccion del
impacto ambiental, pero también para la generacion de subproductos
dando valor agregado a dichos residuos; a su vez, la produccion de
biocomposites se apoya en la aplicacion de microorganismos, asi en
el presente estudio se utilizd A. niger, debido a la rapidez y facilidad
con la que se desarrolla, estableciendo una cinética de fermentacion
liquida utilizando como sustrato residuos agroindustriales de aguacate
(cascara, semilla, mezcla 1/1), de esta manera se analiz6 la capacidad
de produccidén de compuestos bioactivos a partir del metabolismo de
A. niger mediante la toma de muestras cada dos horas, obteniendo
como resultado una alta produccidn de polifenoles, mayoritariamente
en la variante peeling.

Palabras clave: microorganismos, polifenoles, nutrientes, hongos

Day by day, alternatives are sought for the treatment of medical
conditions, within the bases that are sought to emphasize on the
production of biocomposites for their application as such an alternative,
this, the use of agro-industrial waste for the reduction of environmental
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impact, but also for the generation of by-products giving added value
to said waste; in turn, the production of biocomposites is supported by
the application of microorganisms, thus in the present study A. niger
was used, due to the speed and ease with which it develops, setting
up a liquid fermentation kinetics using agro-industrial avocado waste
as a substrate (peel, seed, 1/1 mixture), in this way the capacity for the
production of bioactive compounds from the metabolism of A. niger
was analyzed by taking samples every two hours, obtaining as a result
a high production of polyphenols, mostly in the peel variant.

Keywords: microorganisms; polyphenols; nutrients; fungus.

Fermentation is a catabolic process that consists of a biological
conversion, where complex substrates are used to transform them into
simple compounds through various processes using different
microorganisms, such as bacteria and fungi, as transformers
(Caballero-Sanchez y col., 2023). This process can be carried out in
three ways. Depending on the substrate and the product to be made,
fermentation can be in a solid, liquid, or submerged liquid state. This
process has been used for hundreds of years to make products
beneficial to humanity (Ortega y col., 2016), these products range from
foods such as bread, cheese, preserves, etc. (Rojas-Garcia y col.,
2022). Even many advances in medicine and the preparation of drugs
for treating different diseases are thanks to fermentation with
microorganisms (Kuang-Lung y col., 2022). These techniques have
been perfected based on the control of important parameters for the
standardization of fermentation, which can be light, temperature,
humidity, time, substrate, etc. (Sergi, 2020). Two main compounds are
produced largely apart from those expected based on fermentation.
These are carbon dioxide and alcohol (Valencia-Hernandez y col.,
2021). For decades, fungi have gained relevance in science due to the
wide variety of bioactive compounds that can be obtained through
liquid/submerged fermentation (Montijo-Prieto y col., 2023). All
compounds obtained through different processes are called "bioactive
compounds, " from plants, microorganisms, or higher organisms to all
compounds with biological activity (Ortega y col., 2016). Recently, it
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has been shown that several of these compounds may originate in the
secondary metabolism of said microorganisms used in fermentation
(Tamang y col., 2016). These secondary metabolites are important
from an industrial and economic point of view, to improve the supply of
the world population (Sergi, 2020). Currently, in most of these
fermentations, different sources of nutrients are used so that
microorganisms can take advantage of them; sometimes, these
sources come from the application of agro-industrial waste for their use
(Romero-Marquez y col., 2023). Using these residues contributes to
caring for the environment as it reduces pollution. Most agro-industrial
waste is underutilized, as it is reported to contain a large amount of
nutrients, for example, citrus peels discarded from the juice industry,
from which essences, colorants, etc. can be obtained. Likewise,
another variety of waste is used to obtain polyphenols, which have
biofunctional activity to treat various medical pathologies (SEGOB,
2013).

The present study was carried out to standardize and characterize the
production of polyphenols from fermentation using A. niger enriched
with avocado waste.

OBTAINING AND PROCESSING OF AGRO-INDUSTRIAL WASTE

The agro-industrial avocado waste (seed and peel) was collected from
the "Las Brazas" restaurant (Saltillo, Coahuila, Mexico). Subsequently,
the samples were scraped with fiber to eliminate excess pulp and
washed under running water to eliminate impurities. Once dried at
room temperature, everything was cut into cubes and stored in a Ziploc
bag in a domestic freezer at -15°C. The samples were freeze-dried for
48 h in equipment (FreeZone 4.5 LABCONCO) (Allauca, 2019). The
waste was finally ground and sieved to a particle size of 0.3 microns,
being stored in powder form, each separated in airtight and dark
containers.

STRAIN REACTIVATION

Before setting up the fermentations, the A. niger strain was reseeded
on Petri dishes with PDA medium, sown in a streak manner. Next, a
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count of spores/ml was carried out in a Neubauer chamber to
determine the concentration of the inoculum, being a concentration of
1 x 10° spores/ml of A. niger.

KINETICS OF EXPLORATORY FERMENTATION ENRICHED WITH AGRO-
INDUSTRIAL AVOCADO WASTE.

The kinetics were assembled based on what was found in the literature
(Canadas y col., 2022). The fermentation was carried out in 250 ml
Elenmeyer flasks, placing the three variants of concentration of
substrate added in grams (seed, shell and mixture 1/ 1), which were
1.5 49, 2.5 g, 5 g plus PDA broth completing a total volume of 50ml plus
the fungal inoculum (Garza, 2004), these were inoculated with 100 pli
of A. niger at a concentration of 1 x 10 ' spores/ ml, as a control only
PDA broth and the inoculum were placed, this was carried out in
triplicate for each of the substrates (seed, shell and 1/1 mixture). The
kinetics were mounted on a shaker (Excella E24 — Labomersa) and
taking as parameters for the kinetics a temperature of 36 °C, at 120
rom, with a total duration of eight days, taking a sample to count total
polyphenols (mg/ml) every 24 hours, and in turn the pH was monitored
with a potentiometer (Hanna HI98103) (Sanchez-Perez y col., 2020).

POLYPHENOL DETERMINATION

To determine polyphenols (mg/ml), the Folin-Ciocalteu technique was
carried out, first reading the substrates alone to have a comparison
concerning the extracts obtained from the fermentation, then taking
three readings per each of the triplicates of the fermentation flasks of
each of the substrates, processing the data in Excel to determine which
day the highest concentration of polyphenols was found (mg/ml).

DETERMINATION OF BIOMASS

At the end of the fermentation, biomass was determined by filtering the
fermentations with a vacuum pump and medium-pore filter paper and
then storing the remaining liquid for subsequent characterization tests.
The filter paper with the biomass was placed in a brand oven (Kuang-
Lung y col., 2020) at 65°C to be weighed until it reached a constant
weight, thus determining the biomass obtained from each fermentation.
This process lasted five days.
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KINETICS OF FERMENTATION ENRICHED WITH AGRO-INDUSTRIAL
WASTE LASTING 36 HOURS

For this fermentation, different factors were also monitored to
determine the levels of total polyphenol production:

* Folin-Ciocalteu reading (Every 2 h)
* pH reading (Every 2 h)

* Biomass (Every 2 h)

* Reducing sugars (Every 2 h)

Table 1. Experimental design of kinetics of exploratory fermentation
enriched with agro-industrial avocado waste.

Kinetics conditions

Substratum Half Fungus g/ml Equipment | Temperature | rpm | Sampling
Control 5mL
(without added
Broth A. Niger substrate) Shaker 36EE 120 2h
Seed PDA (10 pL) 45mL-05g
Shell (1 x 10 8 ufc/mL)
Mix 1/1

The kinetics were assembled to determine when the highest production
of polyphenols mg/ml (highest concentration of polyphenols) was found
(mg/ml). The fermentation was carried out in 30 ml flasks using the
sacrificial flask technique, this time placing only the concentration of
added substrate, which was selected based on the results obtained,
being 5g for each of the different substrates analyzed (seed, shell, and
1/1 mixture). This kinetics was carried out at a volume of 1 to 10.
Therefore, there were 0.5 g of substrate plus 4.5 ml of PDA broth,
completing a total volume of 5 ml plus the fungal inoculum. These were
inoculated with 10 pl of A. niger at a concentration of 1 x 10 ® spores/ml,
as a control (Astudillo y col., 2023). Only PDA broth and the inoculum
were placed, and the procedure was carried out in triplicate for each of
the substrates (seed, shell, and 1/1 mixture). The kinetics were
mounted on a brand shaker (Excella E24 — Labomersa) (Balakrishnan
y col., 2021) at 36 °C and 120 rpm, with a total duration of 36 hours,
taking a sample to count total polyphenols (mg /ml) every 2 h, and in
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turn the pH was monitored with a brand potentiometer (Hanna
HI98103) (Sanchez-Perez y col., 2020).

RESULTADOS Y DISCUSION
OBTAINING AND PROCESSING OF AGRO-INDUSTRIAL WASTE

After finishing processing the avocado waste, a rule of three is carried
out to determine the yield percentage per kilo of the seed and avocado
peel at the end of the freeze-drying period. The seed yielded 78% since
the seed does not contain a high water content. On the other hand, the
peel yielded 63%. These results show the impact of processing and
making proper use of agro-industrial waste, showing that the volume
of these decreases, thus reducing their impact on the environment.

STRAIN REACTIVATION

After reactivating the Aspergillus niger e 4, -
strain, an identification was carried out -Py_' »
to corroborate the species using :

dichotomous keys and using the
lactophenol blue technique to observe
the samples under a microscope, thus
determining that it is the A. niger fungus
species.

=
Figure 1. Aspergilius niger
Kinetics of exploratory fermentation enriched with agro-industrial
avocado waste

The graphs with the data obtained during the fermentations carried out
in this study are shown in Figures 2- 8. First, the results of the
exploratory kinetics are shown, followed by the kinetics results, where
a selection of the concentration of avocado substrate added to these
fermentations is carried out.

Figure 2 shows the total polyphenols found in the agro-industrial
residues of avocado. It is carried out to determine a comparative
parameter between the polyphenols of the avocado itself and those
produced thanks to fermentation. The levels were similar, although it
is observed that the peel has a higher concentration of said
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polyphenols, being 2.5 mg/ml.
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Seed Peel Mix

Figure 2. The initial concentration of total polyphenols (mg/mL) obtained using the
Folin-Ciocalteu technique comparing the three substrate variants, seed, peel, and
mixture (1/1).

TOTAL POLYPHENOL CONCENTRATION FROM FERMENTATIVE KINETICS
LASTING 168 H.

A comparison was made between the production of polyphenols during
the growth kinetics (Figure 3), comparing each substrate variant with
its concentration variants in grams. It was observed that 24 hours is
the highest point in the production of total polyphenols, with peel
obtained levels above 125 mg/ml, followed by the seed and the mix
with barely 80 mg/ml levels. In this way, it was determined that kinetics
with a duration of 34 hours should be carried out to see better the
consumption of nutrients, the production of polyphenols, and the
decline of said production as time goes by.

0 24 a8 72 % 120 144 168
Hour

~e—Control —e=1.5g ~e~2.5g ~=5g
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Figure 3. Results of the concentration of total polyphenols (mg/mL) for the 168
hours of A. niger fermentation: A) seed, B) peel, and C) mixture (1/1).

PH MONITORING OF FERMENTATION KINETICS

Figure 4 shows that the pH was maintained between six and eight
during fermentation. It was monitored to see how the medium became
acidic to evaluate if there was any contamination. It is known that

bacteria growth affects the pH.

0 24 48 72 96 120 144 168
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—e—Control —e—15g —e-25g —e-5¢g
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0

24 48 72 96 120 144 168
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—e—Control —e—15g —e-25g —e-5¢g

0 24 48 72 96
Hour

120

—e—Control —e—-15g —e-25g —e-5g¢g

144 168

Figure 4. Comparative graphs of the pH of the A. niger liquid fermentation for 168
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hours using avocado as a substrate, A) seed, B) peel, and C) mixure (1/1).

DETERMINATION OF BIOMASS OBTAINED FROM FERMENTATION DETERMINED

BY CONSTANT WEIGHT

The total biomass produced during the kinetics was determined (Figure
5), and in this way, it was also determined which substrate variant
generates more biomass of the fungus. The substrate variant with the
highest biomass production was the peel, with more than 30 g/ml,
followed by the seed, with almost equal production. In the end, the

mixture only reached 20 g/ml.

A)

510 I
]

o _min

0 15 25
Concentration (g)

15 25
Concentration (g)

o f—

15 25
Concentration (g)

Figure 5. Biomass ob

TOTAL POLYPHENOL CONCENTRATION FROM FERMENTATIVE KINETICS

2inad.framliquidfecmnantation.lasting.d48 hours of A. niger
enriched with the substrates A) seed, B) peel, and C) mixture (1/1).
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340

LASTING 34 H

Figure 6 shows the kinetics of polyphenol during A. niger fermentation
with avocado fractions. The levels detected in fermentations with
avocado were higher than in the control assay.

SRS

Polyphenol concentration (mg/mL)

N

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Hour

o N M O ®

—e—Control —e— Seed —e—Peel —e—Mix

Figure 6. The concentration of total polyphenols (mg/mL) from the 34-hour
fermentation of A. niger with seed substrate, avocado peel, and a mixture (1/1).

PH MONITORING DURING FERMENTATION KINETICS

For this kinetics, the pH was also monitored to rule out any
contamination and, even more importantly, to determine the medium's
vinegar point and the endpoint of the fermentation. In this fermentation,
we observed how it became acidic since it dropped from an average of
six to levels of 4 (Figure 7).

8
6 %
4
2
0

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34
Hour

—o—Control —e—Seed —o—Peel —o—Mix

Figure 7. Graph of the pH of the liquid fermentation from the 34-hour fermentation
of A. niger enriched with seed substrate, avocado peel, and a mixture (1/1).

DETERMINATION OF BIOMASS OBTAINED FROM FERMENTATION DETERMINED



BY CONSTANT WEIGHT

In the same way, as for the previous kinetics, biomass production was
also evaluated (Figure 8). In this kinetics, values close to 4.6 g/ml were
determined. The biomass produced in the peel presence and with the
mixture were very similar throughout the experiment. The seed also
generated values close to 4 g/ml, while the control values did not
exceed 2 g/ml.

Biomass (g/mL)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Hour

mControl mSeed WPeel mMix

Figure 8. Biomass obtained from liquid fermentation lasting 34 hours
of A. niger enriched with seed substrate, peel, and a mixture (1/1).

Fermentation in a liquid state has great potential for obtaining bioactive
compounds in an easy and fast way (Wei y col., 2022); since
microorganisms such as fungi naturally produce enzymes that degrade
the cell wall, generating hydrolysis that facilitates the obtaining of
bioactive compounds from the substrate that is added (Montijo y col.,
2023), in this case, the agroindustrial waste of the avocado. As
mentioned above, this biotechnological process is economical and
easy to implement since it requires only a liquid medium and a shaker
to control the environmental variants, requiring less capital and low
operating costs (Mora y col., 2021). Using agroindustrial waste also
provides several environmental advantages since it allows the use of
solid waste destined to be garbage, which would generate a negative
environmental impact, which is why taking advantage of it as a nutrient-
enriching substrate reduces pollution. (Selo y col., 2021). Monitoring
the pH of fermentations contributes to the ease with which
contamination or the end of available nutrients in the liquid medium
can be determined since a very acidic pH indicates contamination with
other microorganisms (Sanchez-Perez y col., 2020).
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The kinetics of the Aspergillus niger growth allowed us to obtain graphs
that demonstrate the performance and productivity of producing
biomass and total phenols. The accelerated metabolism of A. niger
leads to the high production of polyphenols thanks to the fermentation
process. These polyphenols can be applied in subsequent works to
treat various diseases related to cellular deterioration, such as cancer,
due to the great antioxidant capacity of polyphenols.
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