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Abstract: Problem statement: Many agro-industrial wastes have little or noniézation, when these
materials could be a very rich source of severhleradded compounds, such as: the pecan nut shells,
which contain Antioxidant Phenolic (AP) moleculegel tannins. Approach: In this study, a
bioprocess for the liberation of AP from Pecan MNBhells (PNS) was described. A chemical
characterization of raw material was evaluatedetieimine polyphenolic content of PNS, among other
components. Several fungal culture systems werkigteal at 96 h fermentation processes and using
PNS as sole carbon source. Solid (SSC) and Subth¢ByeC) fermentations were carried out using
three strains afspergillus niger. Culturemedium was composed of a solid (10-50%) and adi¢e®-
50%) part in order to complete the 100% of the mediResults. A high concentration (19%) of
tannins was found in PNS on a dry basis, from whichdensed tannins and their monomers were
found as the main fraction (14%) of tannins of PiISp on a dry basis. In the strain selection step,
Aspergillus niger GH1 showed better growth on pecan nut shells cospto A. niger PSH strain,
therefore A. niger GH1 was used for later experiments. The highesteotration of AP was obtained
with SSC inoculated with spores &f niger GH1 on the 40% of solids system and in 20% solids
system where, among the other systems both preséfite mg TP @ of phenolics liberation at 24 h

of fermentation. PNS is an important source of aaitg being this kind of compound which can be
liberated in higher proportion compared to otheergdics compoundsConclusion: This study
demonstrated that fermenting PNS represent a goemhative to both use residues and obtaining AP.

Key words:Pecan nut shells, fungal culture systems, antiowigdenolics, Solid and submerged
fermentation Aspergillus niger GHland PSH

INTRODUCTION antimicrobial, antimutagenic and antioxidant (Asoac
Valdeset al., 2010; Abdul Rahimet al., 2010). The
In North America, among the template weatherrecalcitrancy of these molecules are due to thengtr
zones of México and USA, the pecan nut tree growgrotein binding activity, so microbes tend to inhib
producing nuts which have great demand in the foodheir growth in presence of these compounds. Howeve
industry (Orzueet al., 2009). The main left-over of nut there are few microorganisms able to degrade them.
processing are the shells, which have in its coitipas  Filamentous fungi have been studied for biodegradat
many phenolics derived from tannins. There are fouiof tannins and liberation of phenolics (Aguiler al.,
main groups of tannins, gallotannins, ellagitannins2004; Mata-Gome=zt al., 2009). According to these
condensed tannins and complex tannins (Khanbabaéénd of experiments, filamentous fungi are capatfie
and van Ree, 2001) According to other report, pecametabolize tannins and in a given moment, liberate
nuts contain antioxidant phenolics and PNS contairtannin-monomers, which can be isolated. Solid state
higher amounts of these molecules, mostly condensetlltures are systems which have received praisgalue
tannins (Villarreal-Lozoya et al., 2007). These the higher yields of compounds of interest than
compounds have many biological activities, such asubmerged cultures and also being a low cost
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technology (Alamet al., 2005). The objective of this Total hydrolysable phenols (HT) and Gallic acid
work was to determine the capability of thespergillus ~ determination: The first determination was carried
niger strains to use pecan nut shells to liberateout using the Folin-Ciocalteu method (Maklatral.,
antioxidant phenolics under solid and submergetke sta1995), the other one with the Sharraiaal. (2000)
culture and to detect and quantify the amountaifin - method, both standard curves were prepared with
derived AP resulting of these processes. gallic acid.

MATERIALSAND METHODS Condensed Tannins (CT): The method utilized was
Microorganism: For this study, three strains of the reported by Schofiele al. (2001)using a catechin

Aspergillus niger (GH1, PSH and Aa-20), belonging to Standard curve.

the DIA-UAdeC collection previously isolated, . . N . . .
conserved and characterized by Cruz-Hernaretiet. Ellagic acid determination: This analysis was carried
(2005), were used. out by HPLC using a gradient method and the

conditions were: 1 mL min flow, using a Triphasic
Plant materials. The pecan nut shells were obtainedpump (Varian model 230), autosampler (Varian 440),
from the Southern region of Coahuila State, Mexicophoto diode array detector UV-Visible (Varian 330)
during the summer season of 2009 and transported ind a Prodigy ODS © (Phenomenex). The analysis
the Microbiology Laboratory of our institute. PN®w  conditions were as follow: A: Methanol, B: Acetaiié
dried at sun light and stored in a black bag. and C: 0.3% Acetic acid at 0-5 min 7% B-93% C, 12-
13 min 60% B-40% C and 15-25 min 7% B-93% C.
Content characterization: The chemical assays
(protein, fat, ashes, crude fiber and nitrogen freelTotal Phenols (TP) during fungal culture: This
extract) carried out were performed by previouslyparameter was quantified by the sum of the reslflts
established methods (Williams, 1984). the Folin-Ciocalteu and the Schofield methods which
were Gallic acid and catechin equivalents respelstiv
Strain selection for the bioprocesses. Once PNS were
dehydrated, we proceeded to make a strain selection RESULTS
step. ThreéAspergillus niger strains were used for this
purpose, Aa-20 (control strain), PSH and GH1, flingaChemical characterization: The results which can
strains were growth on Petri dishes containing RN&  stand out of the chemical characterization (Tablaré
culture broth (Pontecorvo medium) in a 30:70 relati the fiber content of 62.88 and 19.22% of tannin
in order to evaluate their adaptability on PNS. ©tie  equivalents of both hydrolysable and condensed
system was ready, 50 uL of spore suspension frem thtannins, from which shells have 14.46% of condensed
A. niger strains was placed in the center of the Petritannins and 5.43% of hydrolysable tannins. These
dishes and mycelia growth was measured every 12 h. compounds were molecules that matter the most to ou
work for the subsequent experiments.
Solid and Submerged State Cultures (SSC and

SmC): The culture processes were carried out using Strain selection: Results of this study showed the
different shell concentrations (10, 20, 30, 48 80 g)  capacity of three strains of using PNS as a saleoca
adjusted with Pontecorvo culture broth (90, 80, 60, source.Aspergillus niger GH1 and Aa-20 could grow
and 50 mL, respectively). Culture broth compositionon PNS until 72 h, where the experiment was stopped
was (g L!) NaNG; (0.6), KHPO, (0.152), KCI (0.052), and A. niger PSH started and stopped its growth very
MgS0,.7H,O  (0.052), ZnSQ@ (0.0001). Other quickly at 24 and 36 h respectively. The GH1 and Aa
components of the broth were yeast extract at 0.05%0 strains showed good adaptation capacity, so both
and 1 mL of trace metals solution, with a compositi  strains were capable to degrade PNS components; man
as follow (mg.C%) NaB,O; (100), MpCl..H,0 (50), of those components are tannins. Narrowing the
NaMoGO,.2H,O (50) and CuS©2H,0 (250), the broth analysis on the 12 h of growth, it was observed tha
pH was adjusted to 6.2 with 0.02M KOH. Pecan nutGH1 could grow even more rapidly than Aa-20, having
shells were the only carbon source in the systemds a a more stable growth (Fig. 1), even though, Aa-&wg
were inoculated with 210" spores ofaspergillus niger ~ on the shells 12 h earlier than GH1. Past 12 h, GH1
GH1 and incubated at 30°C 48h Samples were grows faster than the control strain, so GH1 masteh
obtained every 12 h and stored at -4°C in an efhanoa more developed tannin degrading enzymatic system
water mixture (1:1) until further analysis. than Aa-20.
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Fig. 1: Growth kinetic ofAspergillus niger GH1 (@), Time (h)

Aspergillus niger PSH A) and Aspergillus niger

Aa-20 ) strains on pecan nut shells Fig. 3: Catechin equivalents liberated Bgpergillus
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Table 1: Chemical content of the pecan nut shells

Parameters Content (%)  Fig. 4: Catechin equivalents at 12 h of culture
Dry matter 91.90
Humidit 8.10 . . .
AS”{J;'S'V 208 Having the sum of these compounds, in the Fig.e2 th
Protein 4.29 TP pattern during the culture demonstrate thatetlier
E_é:)t eg?ég a phenolics liberation; consequence of the micilobia
iber . ; i 0
Nitrogen free extracts 2919 h%/dlrlolyﬁls ?f phenollgs.l_lg aII_systefms, ex;ept 30%
Total sugars 583 shell, there’s a steady liberation of TP where were
Reducing sugars 0.03 registered in the 20 and 40% shells values up to
gyd:jo'yza?j'e tannins C(GAe) 544436 114.48 and 114.17 mg TP gfollowed by 10% shell
Tgtr;l Eﬂseiolt:nnms( ®) 1912 with 95.31 mg @". All systems had an increase in both

CT and HT at 12 h (Fig. 4). In this work, by theliRe

AP liberation: In almost every culture systems, the Ciocalteu assay, we could quantify up to 24.6 Mg g
AP level was at its highest point at 12 h. It wasof HT in shells in the 10% shell system, in ourqess
observed that in both 20 and 40% of PNS, thewe obtained 114.48 mg g of total phenolics by
highest phenolic liberation was observed. Theculture on the 20% PNS system. According to the
behavior of condensed tannins liberation (Fig. 3)chemical content, most of the phenolics present are
showed high catechin concentration in the cultureCT so a major liberation of CT monomers could be
systems, while hydrolysable tannins had loweram®  expected.
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12 reports of condensed tannins degradation with funga
10 strains such aPenicillium expansum where taxifolin
could be obtained as an intermediate in the coretens
8 . . .
—— 10%5 tannins degradation (Contreras-Dominguetz al.,

ta

56 20%S 2006), its liberation is due to monooxygenases
= 4 ——30%S produced byAspergillus fumigatus that cleave the
—— 40%5 bonds between catechin units (Ramirez-Corebel.,
50%5 2004), in this  work no taxifolin was detected,t bu
*—
12 24 36 48 60 72 84 96

o i there is condensed tannins degradation. According t
Bhat et al. (1998), someAspergillus and Penicillium
Time (h) strains are capable of degrading both, hydrolysable

N . - . . and condensed tannins. Our results confirm theittann
Fig. 5: Ellagic acid Ilbgrated bispergillus niger GH1 degrading activity ofAspergillus niger GH1 over the
at from fermenting pecan nut shell

tannins present in PNS, being this strain isolditeth

The gallic and ellagic acids contents were veryt@nnin rich materials, it was expected that thisist
small. Using the Sharma method, it was determinedvould be useful for AP liberation. _
that only in the 10% shell system was possible to ~ Aspergillus niger GH1 must synthesize the
obtain gallic acid at 12 h of culture (data notwhp Necessary enzymes for degradation those PNS
(Fig. 5). It was liberated 13.98 mg'gshell and in the components releaS|_ng phenolic monomers thgt form
other systems was obtained less than 1 gl the part of the polymeric structure of HT and CT; such

! . . . enzymes are tannin-acyl hydrolase (Mings#iual.,
10% system, it was observed a gallic acid produgctio 206%) and valonezil tan)r/1asg (Stial. (260%) grﬁ-

but, while the other systems did not showed pasitiv g|,cosidase (Vattem and Shetty, 2002) which have
results_. The ellagic presence mea_sured _by HPL(Eydrontic activity on ellagitannins and
analysis, showed that only the quantity obtainedewe monooxygenases and dioxygenases responsible for the
in ug g shell and only in SSC, this behavior could bejnitial  degradation steps of CT (Contreras-

attributed to the insolubility of EA in water. Dominguezet al., 2006). Lewis and Starkey (1969)
mentioned that some microorganisms isolated from
DISCUSSION soils are capable of degrading tannins from rich

_ sources of these compounds, adding the fact thete t

Results of this study showed that PNS can be usegre studies where fungal strains can produce engyme
for fungal culture processes bgspergillus niger  for CT degradation (Contreras-Dominguet al.,
strains, due to the fact that condensed tannirthds 2006) and others wher@spergillus niger GH1 was
mayor component of the shells and the possibility ogrown on a liquid culture with catechin (Aguilarr al.,
our strains being capable of degrade hydrolysabte a 2004), being this molecule the monomer unit of @@ a
condensed tannins (Aguilagt al., 2004). All used tannic acid as sole carbon source (Mata-Goetedl.,
strains in the strain selection step, are repatethnnin  2009), so it can be said that this fungus can predu
degrading fungi (Cruz-Hernandea al., 2005) and enzymes to degrade these kind of compounds and
these same strains, were used in other similariggow generate its metabolism energy even though presence
experiments on tannin rich materials, where athein ~ of sugars, while limited, are not the only carbon
were capable of growing on them (Orzstaal., 2009).  source that could be used by the microorganism.

Those experiments confirm the tannin degradingSome tannin rich materials have been used for AP
potential of theséspergillus niger strains according to liberation such as: Punica granatum (Robledoet al.

reports in literature (Bhadt al., 1998). As most of the 2008

: , coffee pulp (Pandewt al., 2000), Larrea

tannins are of the condensed type, GH1 must have t%den)tate (Mercl:;dgeg al 2807) and Fl)uorencia

more efficient mechanism for CT degradation and the., . - (Ventura-SobreviIIait,-:‘t al., 2008) most of the

ﬁqu)zglcr)r;es e;Zilg;e?hatfogleath:tc-guE)c?se’ ers'LIjIChs a?)henolics released in both cases were catechin
Xyg v naispergillu equivalents, like in this case, most of the commsun

niger GH1 must have also .the hecessary enzymes quberation also were CT as catechin equivalents.
the degradation of HT, which also are present & th

PNS which is for example the tannin acyl hydrolase CONCLUSION

among others. The fungus is able to degrade tannins

from the PNS after observing both growth and the  The pecan nut shells are an important source of
results of the polyphenolic quantification. Thene a antioxidant phenolics such as catechin and bedaise
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a great agroindustrial residue, so an alternativedewis, J.A. and R.L. Starkey, 1969. Decompositién o

biotechnological use has been developed exploiting
tannin degrading potential oAspergillus niger GH1,

plant tannins by some soil microorganisms. Soil
Sci., 107: 235-241.

which is capable of producing the enzymes resptmsib Makkar, H., K. Becker, H. Abel and C. Szegletti9h9

of the hydrolysis of CT and both, the filamentousdi

Degradation of condensed tannins by rumen

and the pecan nut shells have great possibilities f
many other purposes that involves food and
pharmaceutical industries.

microbes exposed to Quebracho Tannins (QT) in
Rumen Simulation Technique (RUSITEC) and
effects of QT on fermentative processes in the
RUSITEC. J. Sci. Food Agric., 69: 495-500. DOI:
10.1002/jsfa.2740690414
a-Gomez, M., L.V. Rodriguez, E.L. Ramos, J.
Renovato and M.A. Cruz-Hernandezal., 2009.
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