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A B S T R A C T

This study aimed to investigate the capacity a cellulolytic complex produced by Rhizopus oryzae has to provide
functional compounds from lignocellulosic material. Its characterization upon soybean meal (SBM) and corn
husk (CH) was carried out. The effect was estimated in terms of cellulose reduction and protein and starch
digestibility, besides the content of phenolic compounds (PC) and their profiles. Enzymatic hydrolysis caused
34% cellulose reduction in SBM whereas, in CH, it was 55%. In CH, the reduction promoted PC release (21%).
The greatest change in the antioxidant activity after hydrolysis was found in phenolic compounds soluble in
methanol (PCSM), a fact that could be attributed to concomitant reduction in ferulic acid and increase in hy-
droxybenzoic acid. In SBM, the activity of the cellulolytic complex caused increases in protein (74%) and starch
(95%) digestibility. Therefore, available protein in SBM can be used as food supplement and thickener whereas
PC derived from CH may be applied as food additive.

1. Introduction

Lignocellulose material consists mainly of three components: cel-
lulose (polymer of β−1,4-linked glucose units), hemicellulose (polymer
of pentoses, hexoses and/or uronic acids) and lignin (cross-linked
phenolic polymers), which combine to compose the structure of plant
cell walls (Steffien, Aubel, & Bertau, 2014). Great abundance of these
components is usually found in the outer portions of agricultural pro-
ducts, where they play the role of a physical barrier in protective tis-
sues, but are discarded during processing or home preparation. Com-
bination of these polymers and proteins, carbohydrates, lipids and other
compounds causes technological (water retention capacity and gel
formation), nutritional (protein and starch digestibility) and functional
(antioxidant activity) difficulties because these associations reduce the
availability of other constituents and lead to decrease in interaction
with water, solvents and digestive enzymes (Reyes, Peralta-Zamora, &
Duran, 1998).

Technological, nutritional and functional compounds found in lig-
nocellulosic products can be recovered by chemical, physical and en-
zymatic treatments (Wang et al., 2015). However, physical and che-
mical treatments are restricted because they affect the bioavailability of
essential compounds due to the drastic conditions they require. Since
enzymatic methods are more specific, they are more appropriate when
the aim is to combine technological efficiency, biological value and

application to analytical determinations (Devlin, 1959). Con-
ventionally, enzymatic processes of waste treatment can be performed
either by the direct activity of microorganisms or by the application of
hydrolytic enzymes from different sources, especially those obtained
from microbial sources (Schmidt & Salas-Mellado, 2009).

Among hydrolytic enzymes, the cellulolytic complex which consists
of endoglucanase (1,4-β-D-glucan-4-glucanohydrolase; EC 3.2.1.4),
exo-cellobiohydrolase (1,4-β-D-glucan glucohydrolase; EC 3.2.1.74)
and β-glucosidase (β-D-glucoside glucohydrolase; EC 3.2.1.21) should
be highlighted. This complex can be employed in lignocellulosic ma-
terial treatment to enhance the availability of functional compounds,
such as proteins, which are associated with cellulose fibers (Balsan
et al., 2012; Schroyen, Vervaeren, Vandepitte, Van Hulle, & Raes,
2015).

Despite the availability of lignocellulosic by-products from rice,
corn and soybeans agribusiness, studies of their valuation after the
improvement of their nutrients and functional properties by cellulose
degradation, aiming at the production of raw materials for the food
industry, are still scarce.

This study aims at contributing to improve the application of lig-
nocellulosic material to food formulations by the activity of a cellulo-
lytic complex from a GRAS (Generally Recognized as Safe) micro-
organism and to evaluate changes in water retention capacity, gel
formation, digestibility and antioxidant activities.
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2. Material and methods

2.1. Lignocellulosic material

Pink potato peels (PPP), corn husk (CH), wheat bran (WB) and
soybean meal (SBM) were obtained in Rio Grande, RS, Brazil. CH was
collected from street fair discharge, PPP were got from household and
commercial waste and both brans (WB and SBM) were purchased at
local shops. WB and SBM were ground so that particle size was 0.5 mm
and sieved. PPP and CH were dried at 105 °C for 1 h, ground by a knife
mill to reach standard size (0.5 mm) and sieved.

2.2. Physicochemical characterization of lignocellulosic material

Proximal composition was determined in agreement with the AOAC
(2000). Cellulose was extracted with nitric acid and glacial acetic acid,
according to Ververis et al. (2007), and quantified by the phenol-sul-
furic method, as proposed by Dubois, Gilles, Hamilton, & Smith (1956),
with a glucose standard curve (1.25–12.5 μg ml−1). Starch was ex-
tracted from a defatted sample with 70% ethanol and CaCO3, as de-
scribed by Azzini and Arruda (1986), and quantified by the 3,5 DNS
method (Miller, 1959) with a glucose standard curve
(0.05–0.3 mg ml−1).

2.3. Enzymatic hydrolysis

The enzymatic hydrolysis of cellulose from SBM and CH was con-
ducted at optimal conditions (60 °C and 150 rpm) that had been es-
tablished by a previous study. Cellulase (0.06 U mgprotein−1) produced
by solid state fermentation of rice husk and bran with R. oryzae CCT
7560 (Kupski, Pagnussatt, Buffon, & Furlong, 2014) was employed in
the ratio of 1:10 (protein: cellulose). After hydrolysis, the content was
centrifuged at 3220 × g for 15 min at 4 °C and dried at 105 °C for
approximately 90 min so that the effect of the enzymatic process could
be followed.

2.4. Technological, functional and nutritional characterization

Protein and starch digestibility was determined in SBM as proposed
by Sgarbieri (1996) and adapted by Silveira and Furlong (2007). Soy-
bean meal was hydrolyzed with pepsin (69 U mgprotein−1) at 37 °C for
3 h at 150 rpm. After the pepsin activity, pH was adjusted to 7.0 with
0.1 M NaOH and hydrolysis was carried out with pancreatin (61 U
mgprotein−1) for 24 h at 37 °C at 150 rpm. The mixture was centrifuged
for 15 min at 10 °C and 3220 × g. Amino acids in the supernatant were
estimated by the method developed by Lowry, Rosebrough, Farr, and
Randall (1951) with a tyrosine standard curve (25–125 μg ml−1) and
hydrolyzed starch by determination of reducing sugars (Miller, 1959)
with a glucose standard curve (0.05–0.3 mg ml−1).

Both water retention capacity (WRC) and gelling capacity (GelC)
were determined in SBM and CHcorn husk, according to Huang and
Kinsella (1987). Samples were diluted with water in the ratio of 1:8 (in
the case of GelC, samples were heated at 80 °C for 30 min) and cen-
trifuged at 8243 × g for 15 min. After 45 min, the excess of water was

drained by a hypodermic syringe and the sample was weighed by an
analytical balance (Silveira & Furlong, 2007).

Phenolic compounds soluble in methanol (PCSM) were extracted
according to Souza, Recart, Rocha, Cipolatti, and Badiale-Furlong
(2009), i. e., methanol was the solvent extractor, and clarified with
0.1 mol l−1 Ba(OH)2 and 5% ZnSO4. Bound phenolic compounds (BPC)
and phenolic compounds soluble in ethanol (PCSE) were extracted as
proposed by de Mira, Massaretto, Pascual, and Marquez (2009), i. e.,
BPC were obtained after the hydrolysis of the precipitate generated
during PCSE extraction. All extracts were quantified by the Folin-Cio-
calteu method (Souza et al., 2009). Standard curves of ferulic acid
ranging from 1.7 to 6.7 μg ml−1 for PCSM and from 25 to 75 μg ml−1 to
PCSE and BPC, were used.

Phenolic compound profiles were assessed according to Schmidt,
Goncalves, Prietto, Hackbart, and Furlong (2014) by HPLC-UV (Shi-
madzu, Tokyo, Japan, CLASS-M10A) at a flow rate of 0.7 ml min−1 at
35 °C. Separation of phenolic acids was accomplished by a C18 column
(4.6×250 mm, 5 µm, Discovery®, USA) and an isocratic gradient sol-
vent consisting of methanol and acidified water (1% v/v acetic acid) in
the ratio of 20:80 for 25 min, with UV detection at 280 nm until 15 min
and 320 nm until 25 min. Phenolic acids from each fraction (PCSM,
PCSE and BPC) of CH and corn husk after hydrolysis (CHH) were
identified, retention times were compared with different standards of
phenols (caffeic, chlorogenic, p-coumaric, ferulic, gallic, p-hydro-
xybenzoic, protocatechuic, syringic and vanillin) and quantified by
previously established analytical curves.

Antioxidant activities of PCSM, PCSE and BPC were assessed by the
DPPH (2,2-Diphenyl-1-picrylhydrazyl) (Kupski et al., 2012) and ABTS
(2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (Re et al.,
1999) methods. Inhibition (%I) was calculated by Eq. (1):

= −I% [(Uabs Uabs )/Uabs ] .100c s c (1)

where Uabsc refers to the absorbance of the control and Uabss refers to
the absorbance of different phenolic compounds.

2.5. Statistical analysis

The Analysis of Variance (ANOVA) was applied to the results, fol-
lowed by the Tukey's test at 95% confidence level by the Statistica 7.0
software. The multivariate analysis was performed by the PAST soft-
ware (folk.uio.no/ohammer/past). The principal component analysis
(PCA) was applied to the data set (PCSM profile and antioxidant ac-
tivity).

3. Results and discussion

3.1. Physicochemical characterization

The lignocellulosic material was characterized in terms of proximal
composition, cellulose and starch content. Moisture contents of CH and
PPP were 78% and 83%, respectively. After drying, final moisture was
5% and 9%, respectively. WB and SBM were purchased with initial
moisture of 11% and 10%. The proximal composition of the lig-
nocellulosic material, expressed as dry bases, is described in Table 1.

WB and SBM have similar compositions to those described in the

Table 1
Proximal composition of lignocellulosic material in dry bases.

Lignocellulosic material Protein (%) Lipid (%) Ash (%) Fibers (%) Starch (%) Cellulose (%)

SBM 56,3± 0,6a 1,2± 0,1b 6,2± 0,1b 4,2± 0,2d 8,1± 0,0d 26,5± 1,3b

WB 21,3± 1,0b 3,5± 0,1a 3,6± 0,1c 6,0± 0,1c 41,7± 0,4a 20,5± 1,5c

CH 4,4± 0,3d 0,3± 0,1c 2,6± 0,1d 25,4± 0,4a 40,0± 0,9b 31,1± 1,7b

PPP 14,1± 0,8c 0,2± 0,1c 7,9± 0,4a 9,1± 0,1b 26,7± 0,3c 38,1± 4,3a

SBM: Soybean meal; WB- wheat bran; CH- corn husk; PPP- pink potato peel. Results expressed as mean± standard deviation. Different letters in a line indicate statistical difference
(p< 0.05).
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