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PRODUCCIÓN DE POLIFENOLES TOTALES POR
FERMENTACIÓN LÍQUIDA DE A. NIGER UTILIZANDO
COMO SUSTRATO RESIDUOS AGROINDUSTRIALES DE
AGUACATE

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

RESUMEN

Día a día se b
sca� alter�ativas para el tratamie�to de las afeccio�es
médicas, de�tro de las bases q
e se b
sca� e�fatizar e� la prod
cció�
de biocomp
estos para s
 aplicació� como tal alter�ativa, esto, el
aprovechamie�to de resid
os agroi�d
striales para la red
cció� del
impacto ambie�tal, pero tambié� para la ge�eració� de s
bprod
ctos
da�do valor agregado a dichos resid
os; a s
 vez, la prod
cció� de
biocomposites se apoya e� la aplicació� de microorga�ismos, así e�
el prese�te est
dio se 
tilizó A. niger, debido a la rapidez y facilidad
co� la q
e se desarrolla, establecie�do 
�a ci�ética de ferme�tació�
líq
ida 
tiliza�do como s
strato resid
os agroi�d
striales de ag
acate
(cáscara, semilla, mezcla 1/1), de esta ma�era se a�alizó la capacidad
de prod
cció� de comp
estos bioactivos a partir del metabolismo de
A. niger media�te la toma de m
estras cada dos horas, obte�ie�do
como res
ltado 
�a alta prod
cció� de polife�oles, mayoritariame�te
e� la varia�te peeli�g.

Palabras clav$: microorga�ismos, polife�oles, �
trie�tes, ho�gos

ABSTRACT
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.

INTRODUCCIÓN
Ferme�tatio� is a catabolic process that co�sists of a biological
co�versio�, where complex s
bstrates are 
sed to tra�sform them i�to
simple compo
�ds thro
gh vario
s processes 
si�g differe�t
microorga�isms, s
ch as bacteria a�d f
�gi, as tra�sformers
(Caballero-Sa�chez y col., 2023). This process ca� be carried o
t i�
three ways. Depe�di�g o� the s
bstrate a�d the prod
ct to be made,
ferme�tatio� ca� be i� a solid, liq
id, or s
bmerged liq
id state. This
process has bee� 
sed for h
�dreds of years to make prod
cts
be�eficial to h
ma�ity (Ortega y col., 2016), these prod
cts ra�ge from
foods s
ch as bread, cheese, preserves, etc. (Rojas-García y col.,
2022). Eve� ma�y adva�ces i� medici�e a�d the preparatio� of dr
gs
for treati�g differe�t diseases are tha�ks to ferme�tatio� with
microorga�isms (K
a�g-L
�g y col., 2022). These tech�iq
es have
bee� perfected based o� the co�trol of importa�t parameters for the
sta�dardizatio� of ferme�tatio�, which ca� be light, temperat
re,
h
midity, time, s
bstrate, etc. (Sergi, 2020). Two mai� compo
�ds are
prod
ced largely apart from those expected based o� ferme�tatio�.
These are carbo� dioxide a�d alcohol (Vale�cia-Her�á�dez y col.,
2021). For decades, f
�gi have gai�ed releva�ce i� scie�ce d
e to the
wide variety of bioactive compo
�ds that ca� be obtai�ed thro
gh
liq
id/s
bmerged ferme�tatio� (Mo�tijo-Prieto y col., 2023). All
compo
�ds obtai�ed thro
gh differe�t processes are called "bioactive
compo
�ds, " from pla�ts, microorga�isms, or higher orga�isms to all
compo
�ds with biological activity (Ortega y col., 2016). Rece�tly, it
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has bee� show� that several of these compo
�ds may origi�ate i� the
seco�dary metabolism of said microorga�isms 
sed i� ferme�tatio�
(Tama�g y col., 2016). These seco�dary metabolites are importa�t
from a� i�d
strial a�d eco�omic poi�t of view, to improve the s
pply of
the world pop
latio� (Sergi, 2020). C
rre�tly, i� most of these
ferme�tatio�s, differe�t so
rces of �
trie�ts are 
sed so that
microorga�isms ca� take adva�tage of them; sometimes, these
so
rces come from the applicatio� of agro-i�d
strial waste for their 
se
(Romero-Márq
ez y col., 2023). Usi�g these resid
es co�trib
tes to
cari�g for the e�viro�me�t as it red
ces poll
tio�. Most agro-i�d
strial
waste is 
�der
tilized, as it is reported to co�tai� a large amo
�t of
�
trie�ts, for example, citr
s peels discarded from the j
ice i�d
stry,
from which esse�ces, colora�ts, etc. ca� be obtai�ed. Likewise,
a�other variety of waste is 
sed to obtai� polyphe�ols, which have
biof
�ctio�al activity to treat vario
s medical pathologies (SEGOB,
2013).
The prese�t st
dy was carried o
t to sta�dardize a�d characterize the
prod
ctio� of polyphe�ols from ferme�tatio� 
si�g A. niger e�riched
with avocado waste.

MATERIALES YMÉTODOS

OBTAINING AND PROCESSING OF AGRO-INDUSTRIAL WASTE
The agro-i�d
strial avocado waste (seed a�d peel) was collected from
the "Las Brazas" resta
ra�t (Saltillo, Coah
ila, Mexico). S
bseq
e�tly,
the samples were scraped with fiber to elimi�ate excess p
lp a�d
washed 
�der r
��i�g water to elimi�ate imp
rities. O�ce dried at
room temperat
re, everythi�g was c
t i�to c
bes a�d stored i� a Ziploc
bag i� a domestic freezer at -15 C. The samples were freeze-dried for
48 h i� eq
ipme�t (FreeZo�e 4.5 LABCONCO) (Alla
ca, 2019). The
waste was fi�ally gro
�d a�d sieved to a particle size of 0.3 micro�s,
bei�g stored i� powder form, each separated i� airtight a�d dark
co�tai�ers.
STRAIN REACTIVATION

Before setti�g 
p the ferme�tatio�s, the A. niger strai� was reseeded
o� Petri dishes with PDA medi
m, sow� i� a streak ma��er. Next, a
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co
�t of spores/ml was carried o
t i� a Ne
ba
er chamber to
determi�e the co�ce�tratio� of the i�oc
l
m, bei�g a co�ce�tratio� of
1 × 106 spores/ml of A. niger.
KINETICS OF EXPLORATORY FERMENTATION ENRICHED WITH AGRO-
INDUSTRIAL AVOCADO WASTE.

The ki�etics were assembled based o� what was fo
�d i� the literat
re
(Cañadas y col., 2022). The ferme�tatio� was carried o
t i� 250 ml
Ele�meyer flasks, placi�g the three varia�ts of co�ce�tratio� of
s
bstrate added i� grams (seed, shell a�d mixt
re 1/ 1), which were
1.5 g, 2.5 g, 5 g pl
s PDA broth completi�g a total vol
me of 50ml pl
s
the f
�gal i�oc
l
m (Garza, 2004), these were i�oc
lated with 100 µl
of A. niger at a co�ce�tratio� of 1 × 10 10 spores/ ml, as a co�trol o�ly
PDA broth a�d the i�oc
l
m were placed, this was carried o
t i�
triplicate for each of the s
bstrates (seed, shell a�d 1/1 mixt
re). The
ki�etics were mo
�ted o� a shaker (Excella E24 – Labomersa) a�d
taki�g as parameters for the ki�etics a temperat
re of 36  C, at 120
rpm, with a total d
ratio� of eight days, taki�g a sample to co
�t total
polyphe�ols (mg/ml) every 24 ho
rs, a�d i� t
r� the pH was mo�itored
with a pote�tiometer (Ha��a HI98103) (Sa�chez-Perez y col., 2020).
POLYPHENOL DETERMINATION

To determi�e polyphe�ols (mg/ml), the Foli�-Ciocalte
 tech�iq
e was
carried o
t, first readi�g the s
bstrates alo�e to have a compariso�
co�cer�i�g the extracts obtai�ed from the ferme�tatio�, the� taki�g
three readi�gs per each of the triplicates of the ferme�tatio� flasks of
each of the s
bstrates, processi�g the data i� Excel to determi�e which
day the highest co�ce�tratio� of polyphe�ols was fo
�d (mg/ml).

DETERMINATION OF BIOMASS

At the e�d of the ferme�tatio�, biomass was determi�ed by filteri�g the
ferme�tatio�s with a vac

m p
mp a�d medi
m-pore filter paper a�d
the� stori�g the remai�i�g liq
id for s
bseq
e�t characterizatio� tests.
The filter paper with the biomass was placed i� a bra�d ove� (K
a�g-
L
�g y col., 2020) at 65 C to be weighed 
�til it reached a co�sta�t
weight, th
s determi�i�g the biomass obtai�ed from each ferme�tatio�.
This process lasted five days.
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KINETICS OF FERMENTATION ENRICHED WITH AGRO-INDUSTRIAL
WASTE LASTING 36 HOURS

For this ferme�tatio�, differe�t factors were also mo�itored to
determi�e the levels of total polyphe�ol prod
ctio�:

• Foli�-Ciocalte
 readi�g (Every 2 h)
• pH readi�g (Every 2 h)
• Biomass (Every 2 h)
• Red
ci�g s
gars (Every 2 h)

Tabl$ 1. Experime�tal desig� of ki�etics of exploratory ferme�tatio�
e�riched with agro-i�d
strial avocado waste.

The ki�etics were assembled to determi�e whe� the highest prod
ctio�
of polyphe�ols mg/ml (highest co�ce�tratio� of polyphe�ols) was fo
�d
(mg/ml). The ferme�tatio� was carried o
t i� 30 ml flasks 
si�g the
sacrificial flask tech�iq
e, this time placi�g o�ly the co�ce�tratio� of
added s
bstrate, which was selected based o� the res
lts obtai�ed,
bei�g 5g for each of the differe�t s
bstrates a�alyzed (seed, shell, a�d
1/1 mixt
re). This ki�etics was carried o
t at a vol
me of 1 to 10.
Therefore, there were 0.5 g of s
bstrate pl
s 4.5 ml of PDA broth,
completi�g a total vol
me of 5 ml pl
s the f
�gal i�oc
l
m. These were
i�oc
lated with 10 µl of A. niger at a co�ce�tratio� of 1 × 10 6 spores/ml,
as a co�trol (Ast
dillo y col., 2023). O�ly PDA broth a�d the i�oc
l
m
were placed, a�d the proced
re was carried o
t i� triplicate for each of
the s
bstrates (seed, shell, a�d 1/1 mixt
re). The ki�etics were
mo
�ted o� a bra�d shaker (Excella E24 – Labomersa) (Balakrish�a�
y col., 2021) at 36  C a�d 120 rpm, with a total d
ratio� of 36 ho
rs,
taki�g a sample to co
�t total polyphe�ols (mg /ml) every 2 h, a�d i�
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t
r� the pH was mo�itored with a bra�d pote�tiometer (Ha��a
HI98103) (Sa�chez-Perez y col., 2020).

RESULTADOS Y DISCUSIÓN

OBTAINING AND PROCESSING OF AGRO-INDUSTRIAL WASTE

After fi�ishi�g processi�g the avocado waste, a r
le of three is carried
o
t to determi�e the yield perce�tage per kilo of the seed a�d avocado
peel at the e�d of the freeze-dryi�g period. The seed yielded 78% si�ce
the seed does �ot co�tai� a high water co�te�t. O� the other ha�d, the
peel yielded 63%. These res
lts show the impact of processi�g a�d
maki�g proper 
se of agro-i�d
strial waste, showi�g that the vol
me
of these decreases, th
s red
ci�g their impact o� the e�viro�me�t.
STRAIN REACTIVATION

After reactivati�g the Aspergillus niger
strai�, a� ide�tificatio� was carried o
t
to corroborate the species 
si�g
dichotomo
s keys a�d 
si�g the
lactophe�ol bl
e tech�iq
e to observe
the samples 
�der a microscope, th
s
determi�i�g that it is the A. niger f
�g
s
species.
Kinetics of exploratory fermentation enriched with agro-industrial
avocado waste
The graphs with the data obtai�ed d
ri�g the ferme�tatio�s carried o
t
i� this st
dy are show� i� Fig
res 2- 8. First, the res
lts of the
exploratory ki�etics are show�, followed by the ki�etics res
lts, where
a selectio� of the co�ce�tratio� of avocado s
bstrate added to these
ferme�tatio�s is carried o
t.
Fig
re 2 shows the total polyphe�ols fo
�d i� the agro-i�d
strial
resid
es of avocado. It is carried o
t to determi�e a comparative
parameter betwee� the polyphe�ols of the avocado itself a�d those
prod
ced tha�ks to ferme�tatio�. The levels were similar, altho
gh it
is observed that the peel has a higher co�ce�tratio� of said
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polyphe�ols, bei�g 2.5 mg/ml.

Figur$ 2. The i�itial co�ce�tratio� of total polyphe�ols (mg/mL) obtai�ed 
si�g the
Foli�-Ciocalte
 tech�iq
e compari�g the three s
bstrate varia�ts, seed, peel, a�d

mixt
re (1/1).

TOTAL POLYPHENOL CONCENTRATION FROM FERMENTATIVE KINETICS
LASTING 168 H.
A compariso� was made betwee� the prod
ctio� of polyphe�ols d
ri�g
the growth ki�etics (Fig
re 3), compari�g each s
bstrate varia�t with
its co�ce�tratio� varia�ts i� grams. It was observed that 24 ho
rs is
the highest poi�t i� the prod
ctio� of total polyphe�ols, with peel
obtai�ed levels above 125 mg/ml, followed by the seed a�d the mix
with barely 80 mg/ml levels. I� this way, it was determi�ed that ki�etics
with a d
ratio� of 34 ho
rs sho
ld be carried o
t to see better the
co�s
mptio� of �
trie�ts, the prod
ctio� of polyphe�ols, a�d the
decli�e of said prod
ctio� as time goes by.
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Figur$ 3. Res
lts of the co�ce�tratio� of total polyphe�ols (mg/mL) for the 168
ho
rs of A. niger ferme�tatio�: A) seed, B) peel, a�d C) mixt
re (1/1).

PH MONITORING OF FERMENTATION KINETICS

Fig
re 4 shows that the pH was mai�tai�ed betwee� six a�d eight
d
ri�g ferme�tatio�. It was mo�itored to see how the medi
m became
acidic to eval
ate if there was a�y co�tami�atio�. It is k�ow� that
bacteria growth affects the pH.

Figur$ 4. Comparative graphs of the pH of the A. niger liq
id ferme�tatio� for 168
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ho
rs 
si�g avocado as a s
bstrate, A) seed, B) peel, a�d C) mix
re (1/1).

DETERMINATION OF BIOMASS OBTAINED FROM FERMENTATION DETERMINED
BY CONSTANT WEIGHT

The total biomass prod
ced d
ri�g the ki�etics was determi�ed (Fig
re
5), a�d i� this way, it was also determi�ed which s
bstrate varia�t
ge�erates more biomass of the f
�g
s. The s
bstrate varia�t with the
highest biomass prod
ctio� was the peel, with more tha� 30 g/ml,
followed by the seed, with almost eq
al prod
ctio�. I� the e�d, the
mixt
re o�ly reached 20 g/ml.

Figur$ 5. Biomass obtai�ed from liq
id ferme�tatio� lasti�g 168 ho
rs of A. niger
e�riched with the s
bstrates A) seed, B) peel, a�d C) mixt
re (1/1).

TOTAL POLYPHENOL CONCENTRATION FROM FERMENTATIVE KINETICS
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LASTING 34 H

Fig
re 6 shows the ki�etics of polyphe�ol d
ri�g A. niger ferme�tatio�
with avocado fractio�s. The levels detected i� ferme�tatio�s with
avocado were higher tha� i� the co�trol assay.

Figur$ 6. The co�ce�tratio� of total polyphe�ols (mg/mL) from the 34-ho
r
ferme�tatio� of A. niger with seed s
bstrate, avocado peel, a�d a mixt
re (1/1).

PH MONITORING DURING FERMENTATION KINETICS

For this ki�etics, the pH was also mo�itored to r
le o
t a�y
co�tami�atio� a�d, eve� more importa�tly, to determi�e the medi
m's
vi�egar poi�t a�d the e�dpoi�t of the ferme�tatio�. I� this ferme�tatio�,
we observed how it became acidic si�ce it dropped from a� average of
six to levels of 4 (Fig
re 7).

Figur$ 7. Graph of the pH of the liq
id ferme�tatio� from the 34-ho
r ferme�tatio�
of A. niger e�riched with seed s
bstrate, avocado peel, a�d a mixt
re (1/1).

DETERMINATION OF BIOMASS OBTAINED FROM FERMENTATION DETERMINED
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BY CONSTANT WEIGHT

I� the same way, as for the previo
s ki�etics, biomass prod
ctio� was
also eval
ated (Fig
re 8). I� this ki�etics, val
es ​​close to 4.6 g/ml were
determi�ed. The biomass prod
ced i� the peel prese�ce a�d with the
mixt
re were very similar thro
gho
t the experime�t. The seed also
ge�erated val
es ​​close to 4 g/ml, while the co�trol val
es ​​did �ot
exceed 2 g/ml.

Figur$ 8. Biomass obtai�ed from liq
id ferme�tatio� lasti�g 34 ho
rs
of A. niger e�riched with seed s
bstrate, peel, a�d a mixt
re (1/1).
Ferme�tatio� i� a liq
id state has great pote�tial for obtai�i�g bioactive
compo
�ds i� a� easy a�d fast way (Wei y col., 2022); si�ce
microorga�isms s
ch as f
�gi �at
rally prod
ce e�zymes that degrade
the cell wall, ge�erati�g hydrolysis that facilitates the obtai�i�g of
bioactive compo
�ds from the s
bstrate that is added (Mo�tijo y col.,
2023), i� this case, the agroi�d
strial waste of the avocado. As
me�tio�ed above, this biotech�ological process is eco�omical a�d
easy to impleme�t si�ce it req
ires o�ly a liq
id medi
m a�d a shaker
to co�trol the e�viro�me�tal varia�ts, req
iri�g less capital a�d low
operati�g costs (Mora y col., 2021). Usi�g agroi�d
strial waste also
provides several e�viro�me�tal adva�tages si�ce it allows the 
se of
solid waste desti�ed to be garbage, which wo
ld ge�erate a �egative
e�viro�me�tal impact, which is why taki�g adva�tage of it as a �
trie�t-
e�richi�g s
bstrate red
ces poll
tio�. (Šelo y col., 2021). Mo�itori�g
the pH of ferme�tatio�s co�trib
tes to the ease with which
co�tami�atio� or the e�d of available �
trie�ts i� the liq
id medi
m
ca� be determi�ed si�ce a very acidic pH i�dicates co�tami�atio� with
other microorga�isms (Sa�chez-Perez y col., 2020).
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CONCLUSIONS

The ki�etics of the Aspergillus niger growth allowed 
s to obtai� graphs
that demo�strate the performa�ce a�d prod
ctivity of prod
ci�g
biomass a�d total phe�ols. The accelerated metabolism of A. niger
leads to the high prod
ctio� of polyphe�ols tha�ks to the ferme�tatio�
process. These polyphe�ols ca� be applied i� s
bseq
e�t works to
treat vario
s diseases related to cell
lar deterioratio�, s
ch as ca�cer,
d
e to the great a�tioxida�t capacity of polyphe�ols.
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