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ABSTRACT

Biological wastes contain several reusable substanthigh value such as soluble sugars and fibieect
disposal of such wastes to soil or landfill causesous environmental problems. Thus, the developioi
potential value-added processes for these wasteglily attractive. These biological wastes caubed as
support-substrates in Solid-State Fermentation Y$&&Sproduce industrially relevant metabolites wgtieat
economical advantage. In addition, it is an enviment friendly method of waste management. In thidys
were analyzed six different Mexican agro industrésidues to evaluate their suitability as suppalistrate

in SSF, between physicochemical properties that hagluded Water Absorption Index (WAI), Critical
Moisture Point (CHP) and Packing Density (PD). Beéection of an appropriate solid substrate plays a
important role in the development of an efficiel@FSprocess. The results provided important knovdedg
about the characteristics of these materials rexg#heir potential for use in fermentation proesss
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1. INTRODUCTION and at the interior of a porous solid matrix, irsafce or
] ) near absence of free water (Barrios-Gonzélez, 204.2)
_The worldwide food, agricultural and forestry echnique used for processing and bioconversiagui-
mdystnes produpe annually large volumes of wastes .y strial waste. A great variety of materials héeen
which cause serious disposal problem (Rodrigueztd:ou tested as solid supports for SSF, including cotge
2008). Some examples of th_ese wastes |ncIl_Jde t.h%roducts (Machadoet al 2012)’ rice and wheat
bagasse and peels generated in the beveragesiead Ju(Khandeparkar and Bh.(’)sle, 2606), mango peels

industries, coffee pulp obtained in the coffee siduand ; .
husks from the cereal industries, classified as mglustrial (Buenrostro-Figueroaet al., 2010), skin of grapes

by-products (Graminhat al., 2008; Orzuaet al., 2009). (Botella et al., 2007; Rodrigueet al., 2010), cranberry
These residues are formed by lignocellulose wiidbm is ~ (Vattem and Shetty, 2003), pomegranate (Robkga.,

formed by of lignin, hemicellulose and celluloseheT ~ 2008), among others. Several of these by-produate h
chemical properties of the components of lignodedics ~ Peen used as supports and/or substrates for produdt
make them a substrate of enormous nutritional pielen Metabolites of industrial interest, such as orgaauicls,
and biotechnological value (Howaetlal., 2003). In the  antibiotics, pigments, flavor and aroma compounds,
last years, academic and industrial researchers ar®ioactive molecules and a great variety of enzymes
putting more and more efforts to reduce the amadint (Martins et al., 2011). Biotechnology offers significant
these wastes by finding alternative uses. advantages, such as high concentration of metabolit
Solid-State Fermentation (SSF) consists on theobtained product stability and adaptability of
microbial growth and product formation on the scefa microorganisms especially fungi system with lowefre
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water content (Chen, 2013; Howaatdal., 2003; Pandey,
2003; Pandegt al., 1999; Shalet al., 2005).

2. MATERIALS AND METHODS

2.1. Raw Materials

The agro industrial residues used in this studyewer
provided by Mexican local regions and included
SugarcaneSaccharis officinalis) Bagasse (SB), Coconut
(Cocos nucifera) Husk (CH) Corn Zea mays) Cobs (CC),
Agave Qgave salmiana) fibers, Sotol Dasylirion sp) and
candelilla Euphorbia antisyphilitica) stalks.

2.2. Preparation

The materials were pre-treated by boiling during 10
min, washed three times with distiled water and
subsequently dried at 60°C for 24-48 h (Mussattal.,
2009a) All of them were milled until to obtain arpiele
size of 0.60 mm (Orzuet al., 2009).

2.3. Physicochemical Characterizacion

Water Absorption Index (WAI), Critical Humidity
Point (CHP) and packing density were evaluatechtmak
the potential use as a support in SSF of fiberadryy
industrial wastes.

2.4. Water Absorption Index (WAI)

The WAI was determined according to the
methodology described by (Orzeh al., 2009). About
1.25 g of residue were added to 15 mL of distileater
and the suspension was mixed for 10 min and plaxted

materials for use as support in Solid-State Feratimt
(SSF) (Mussattet al., 2009b; Orzuat al., 2009).

WAI indicates the sample capacity to absorb water
and depends on the availability of hydrophilic grsu
that bind water molecules and on the gel forming
capacity of macromolecules (Mussa#toal., 2009a). In
the present study, the highest WAI value was foimd
CH, which was four times higher than those obtaifoed
CC and CSKig. 1). SB was three times higher than CC and
CS. No significant differences {f.05) were observed
between CH and SB values. Materials with high Wed a
preferred since facilitate the microorganism growtid
development. For CC, WAI was similar to the values
reported by Orzuet al. (2009) for CH.

CHP represents the amount of water linked to the
support, which cannot be used by the microorgaritgsm
their metabolic functions.

The materials must have low CHP to facilitate the
microorganism cultivation. High values of CHP can
affect the microorganism growth because a high
proportion of water is bounded to the material and
consequently, the microbial species developmentheil
affected (Martinst al., 2011). Moo-Youngt al. (1983)
recommended a maximum limit of CHP at 40% #for
niger strains in SSF, due to the need for modificatibn o
the moisture content in relation to the absorbediae
Figure 2 shows the CHP values obtained for each waste
evaluated in the present work. All supports showetP
values below the limit reported. The high valuesAbAl

a 50 mL measured centrifugation tube. Centrifugs wa and low values of CHP obtained for AF. CH and SRaé

operated at 18,000 g for 10 min. The supernatarg wa
decanted and the gel weight was reported. WAI was

expressed as W g gel/g dry support.
2.5. Critical Humidity Point (CHP)

good potential of these materials for use in SBEqEses.
Packing density is another parameter unique to SSF

that can be an important process variable. It can b

assumed that an increase in packing density caases

The CHP was estimated using a thermo-balance byeduction in the void space between particles and a

placing 1 g of sample impregnated with water airaéibn
(WA result) at a temperature of 120°C by 60 min.

2.6. Packaging Density (PD)

PD provides the material comapaction degree, theref
the available space for mass and energy transfargiams

concomitant reduction in the area of exchange with
surrounding atmosphere. The lowest PD value wasraut
with AF followed by SB and CHT@able 1), suggesting
good mass and energy transfer by these materials.

of each material were placed in standard graduatedrable 1.Packing Density (PD) of different agro industviaistes

cylinders and clamped to a shaker and verticaltaizgl
until no change in volume during 5 min was observed

3. RESULTS

WAI and CHP are highly relevant parameters to take Sugarcane Bagasse (SB)

into account when evaluating the potential of défe
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Agro industrial residues PD (g/ém
Agave Fibers (AF) 0.84
Coconut Husk (CH) 0.82
Corn Cobs (CC) 0.74
Sotol Fibers (SF) 0.80
0.83

Candelilla Stalks (CS) 0.86
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Fig. 1. Water Absorption Index (WAI) of the agro industrigsidues: Agave Fibers (AF), Sugarcane Bagasse &RJl Fibers
(SF), Coconut Husk (CH), Corn Cobs (CC) and CandelitdkStCS)
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Fig. 2. Critical humidity point of the agro industrial reaies: Agave Fibers (AF), Sugarcane Bagasse (SB), Bittatis (SF),
Coconut Husk (CH), Corn Cobs (CC) and Candelilla Stali&) (

4. DISCUSION potential and therefore they are receiving greater
attention in terms of quality control and have been
The worldwide food, agricultural and forestry classified as agro industrial by-products.
industries produce annually large volumes of wastes In the last years, academic and industrial reseasch
which cause a serious disposal problem. Some exsmpl are putting more and more effort to reduce the arhoti
of these wastes include the bagasse and peelsaggether these wastes by finding alternative uses. Due ® th
in the beverages and juice industries, coffee pulpcomposition rich in sugars, which due to their miga
obtained in the coffee industry and husks fromdieal nature are easily assimilated by the microorganishey
industries. Most of these residues have a nutdtion could be appropriate for use as raw materials @ th
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production of industrially-relevant compounds under Buenrostro-Figueroa, J., H. Garza-Toledo, V. Ibarra
Solid-State Fermentation (SSF) conditions. Junquera and C. Aguilar, 2010. Juice extraction

The development of an efficient SSF process depends  from mango pulp using an enzymatic complex of
on the selection of an appropriate solid substrate  Trichoderma sp. produced by solid-state
(Rodriguez Couto, 2008) and thus, previous to the  termentation. Food Sci. Biotechnol., 19: 1387-1390.
material use in SSF it is of great importance teidaine DOI: 10.1007/s10068-010-0197-5

its physical-chemical and microbiological charaistés. o L :
Two important physical-chemical parameters incltide Chen, H., 2013. Principles and Application of Selid

Water Absorption Index (WAI) and the Critical State_Fermentatlon Carried OuF on Inert_ Support
Humidity Point (CHP) (Robledoet al., 2008). Materials _ (Adsorbed Carrier Sohd-Stote

Considering the requirements above mentioned the Fermentation). In: Modern Solid State Fermentation,
present study permitted to know the potential fedent Chen, H. (Ed.)., Springer, New York, ISBN-10:

agro industrial wastes for use as immobilizatiorriea 9400760434, pp: 243-305.

in SSF. The physical-chemical properties (WAI and Graminha, E.B.N., A.Z.L. Gongalves, R.D.P.B. Pirota
CHP) will be used used as parameters to select the M. A.A. Balsalobre and R. Da Silvat al., 2008.

Application to animal nutrition. Animal Feed Sci.
5. CONCLUSION Technol., 144: 1-22. DOI:

Based on physical-chemical tests it could be 10('110;?_/]'aEr"fZEdSC_"ZEOE?:]OQ'OZQV Rensb
concluded that among the 6 agro industrial residuesioward, R.L., E. Abotsi, E.L. Jansen Van Rensburg a

evaluated, 3 of them, namely the agave fibers, reage S. Howard,_ 2003. L?gnocellulose biotechnology:
bagasse and coconut husk have great potential to be Issues of bioconversion and enzyme production.
successfully used in SSF. In this context, the gmes Afri. J. Biotechnol., 2: 702-733.

study has focussed in the characterization of &etsar Khandeparkar, R.D.S. and N.B. Bhosle, 2006. |sotati
of agro industrial residues for later use as a suppr purification and characterization of the xylanase
substrate for the production of industrially relava produced by Arthrobacter sp. MTCC 5214 when
metabolites. Such use would be an interesting  grown in solid-state fermentation. Enzyme
alternative to add value to these residues beswés Microbial.  Technol. 39:  732-742. DOl
of great economical advantage and an environmental- 10.1016/j.enzmictec.2005.12.008

friendly way for waste management. These facts
should be taken into account when formulating a
fermentation medium from these residues.
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