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ABSTRACT

The objective of this work was to evaluate thedsstate fermentation with Rhizopus oryZ2€T 7560 of rice bran
for the enrichment of proteins and the antioxid@empounds in the fermented biomass. Fermentatios wa
performed in tray bioreactors at 30°C for 120 h.of&in extraction was done at alkaline pH, followbky
precipitation with acetone. Phenolic compounds wexgacted with cold methanol. The maximum proteas
recovered from after 120 h (26.6%). The contendt@ phenolic compounds increased during the feratégon and
was maximum after 96 h, which inhibited the DPPHdical by 87%. The promising characteristics of iretein
and phenolic extracts of the biomass suggestedafiptication in the coating composition for vegetasues
preservation
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INTRODUCTION and to aggregate value to non or sub-used residues
(Singhania et ak009).
The availability of nutrients is one of the mostSSF presents some advantages in relation to
frequent criticism about the use of cereal bran isubmerged fermentation, such as it requires less
the diets, because in the outer layers of the grainspace for fermenters and is proper for small
the proteins and other micronutrients are stronglgffluent quantities; it uses simple substrates @nd
linked to cellulose, hemicellulose and to somdow cost, without the need of strict control of
minerals that hamper the whole use of nutrients iatandards during the process (Pandey et al. 2000).
the digestive processes of monogastric animaSeveral raw materials, mainly agro industrial co-
(Zdradeck 2001). The use of microorganisms t@roducts, can be applied in the SSF, and the choice
change several substrates during their metabolitepends on the final product, being primarily used
activity is among the preferred ways to increaseellulose, hemicellulose and lignin from vegetal
the availability of nutrients in the raw materialsbiomass; wheat bran and wheat straw; rice bran
and rejects (Pelizer et al. 2007). Solid-stat@mong others.
fermentation (SSF) has been adopted by th&ccording to United State Department of
biotechnological industry due the potential for theAgriculture (USDA), the world production of rice
production of secondary metabolites to the ratiorin 2011/2012 would be 456.3 million tons (USDA
fuel, food, chemical and pharmaceutical industries2011), generating large quantity of agro-industrial
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co-products, including rice bran, which possessasnfermented and fermented bran. Humidity and
unfavorable sensory character, such as odor amdh were assayed by the drying at 105°C (nr.
color, which limit its use. However, it has a high935.29) and incinerating at 550°C (nr. 923.03),
content of carbohydrates (49.5%), proteins (14%espectively. The lipids were extracted with
and lipids (22%), which show its potential for petroleum ether (nr. 920.85) and the proteins were
alternative application. One of the ways to employetermined with determining the total nitrogen by
these Dby-products could be to use them asf micro-Kjeldahl method (nr. 920.87), applying
substrate in bioprocesses and change the&25 as conversion factor for protein. Fibers were
properties by nutritional enrichment. Microbial analysed by the gravimetric determination of the
fermentation could result an increase in theesidue of acid and basic digestion of the samples
availability of functional compounds (Kester and(Cientec 1991).
Fennema 1986). According to Oliveria et al.
(2010), after 96 h of rice bran fermentation withProtein Recovery
Rhizopus oryzadhere was increase in the proteinFor protein recovery, rice bran and fermented bran
content (43%), and also an availability of phenoliavere primarily defatted with petroleum ether in the
compounds with high antioxidant activity from theproportion 1:7 (w/v) under agitation in orbital
breaking down of lignin in the substrate cell wall. shaker for 1h with three repetitions. Protein
The objective of this work was to evaluate theextraction was performed in alkaline medium (pH
effect of fermentation witlRhizopus oryza€CT  9.5), adding NaOH 0.02 M in the proportion 1:7
7560 on the composition of rice bran and also téw/v) and further homogenization in orbital shaker
establish the best way to recover the proteins aridr 30 min. Solution was filtered with glass wool
the antioxidant compounds from the fermenteé&nd centrifuged at 4°C and 2240 x g for 20 min.
biomass, aiming its application for food supply. The supernatant was then divided in two aliquots.
In the first one, the pH of the was adjusted to 4.5
(isoeletric point) with HCI 1 M (Adebiyi et al.

MATERIAL AND METHODS 2008) and the precipitate was dissolved in NaOH
(0.02 M). The protein fractions were quantified by
Rice Bran Lowry (1951) method using an albumin curve.

Whole rice bran was supplied by IRGOVEL The protein from the second aliquot was

(Industria Riograndense de Oleos Vegetais Ltdaprecipitated with acetone in a ratio 1:3 (v/v). The

located in Rio Grande do Sul, Brazil. It was storegbrotein content of the supernatant and of the

at -10°C until use. It has particles between 0.38issolved precipitate in NaOH (0.02 M) was

and 0.60 mm. guantified by Lowry (1951) method and the yields
were compared using Equations 1 and 2.

Solid-State Fermentation (SSF) _

SSF was performed in tray bioreactors (29 x 17 % M9 Of proteing,e %100 (1)

5.5 cmi). The rice bran (100g) was placed in **  mgof protein,,,

bioreactor in the form of a fine layer of ~ 2 cndan

autoclaved. After the substrate homogenization mg of protein

with 45 mL of the nutrient solution (K4RO, 2g/L, Rop = mgof protein_

MgSQ, 1g/L, NH,CONH, 1.8g/L in HCI 0.4N), solible

humidity was corrected to 50% with sterile water,

followed by inoculation with a suspension of Where: o

spores ofRhizopus oryza€CT 7560 containing Rsot Yield of solubilization

4.0 x 16 spores.g mediuih(Oliveira et al. 2010). Rppt yield of precipitation

The bioreactors were covered with sterile gauze to

allow ventilation and the incubated at 30°C

Samples were taken out in the beginning of th

process and at every 24 h during five days.

precipitate

x100 (2)

‘Phenolic Compounds Recovery

The total phenolic compounds (TPC) were cold
extracted from the rice bran and fermented bran
with methanol in the proportion of 1.5 (w/v),

Physicochemical Characterization - o o

: under orbital agitation at 160 rpm for 3h at 25°C,
The A.O AC methodg (2000) were _apphed tofollowed by the partition with hexane. Methanolic
determine the proximate composition of the
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extracts were concentrated in rotary evaporator Abs_, ., - Abs

and re-suspended in 70 mL of water, filtered and inhibition = (3)

clarified with 15 mL of barium hydroxide (0.1 M) ADS g1

and 15 mL of zinc sulfate (5 %) before

quantification. The quantification was done byWhere:

UVIVIS  spectrometer using Folin-CiocalteauAbSonioi - @bsorbance of the DPPH  solution
reagent, which consisted of taking 500 aliquots ~ Without antioxidant extract

of each extract, shaking with 5QQ of distilled

water, addition of 4.5 mL of solution (M2O; 2

%, CuSQ 2 % and double tartrate and of sodiumRESULTS AND DISCUSSION

and potassium 4 %, in the proportions 100:1:1) for

1 min, and placing in water bath at 40°C for 15Table 1 presents the variation in rice bran
min. The mixtures were agitated in ultrasound batfomposition during the fermentation witR.
with 500 uL Folin-Ciocalteau reagent diluted 1:2 0ryzaeCCT 7560 _

with distilled water. After 10 min, the solutions The variation in the contents of ashes in un-
absorbance was measured at 750 nm, interpolatifgfmented and fermented biomass was similar to
the values of absorbance of the samples againsthgt reported by Feddern et €2007), which after
ferulic acid analytical curve (1.7 to 121@/mL). 6 h of fermentation with Saccharomyces
The total phenolic compounds of the samples wergerevisiaeobtained 10.5% of ashes. In this work,

expressed as g gu,* (Sousa et al. 2007). the maxi_mum ash contenft ~was after 72_ h
fermentation (14.7%). The lipid content of rice

Antioxidant Activity of the Phenolic Extracts bran was 15.2% and after 48 h of fermentation,

The antioxidant activity of the phenolic extractstNeré was a decrease due its use for the mycelial
was determined by the method of the DDPH (Lfynthe&s. The same behavior was mentioned by

diphenyl-2-picryhydrazyl) free radical scavenger.O"Yeira et al. (2010) using rice bran. as substrate
The stock solution of DPPH was prepareodur'ng SSF withR. oryzaeand by Silveira and

weighing 0.01 g and transferring to a 50 mL flask3adiale-Furlong (2007), using defatted rice bran
filing up the volume with methanol. The extract@Nd wheat bran as substrates Rinizopus sgnd
from the biomass was diluted in the proportion of'\SPergillus oryzae cultivation  According  to
1:10, and 0.2 mL of the extracts were added to 38"/ffin (1993), nutrients in the substrate are used
mL of DPPH solution in methanol (5 x ‘ta);  for the fungus cell wall production; consequently

after hand agitation, tubes were left at rest ak.da theré is a decrease in polysaccharides in the
At the end of 15, 30, 45 and 60 minutes, thsubstrate. This was shown by the increase in fibers
absorbance was measured at 515 nm and tf@NteNtin the biomass and the maximum was after
ability of scavenging the radical was expressed a® N showing 58% compared to the unfermented
inhibition percentage according to the Equation 3/C€ bran.

(Souza et al. 2009).

Table 1 -Proximate composition in dry basis of the bran ahtthe biomasses at distinct fermentation periods.

Sample Moisture (%) Ash (%) Lipids (%) Fiber (%) Pr otein (%)
Bran 12.0+0.1 9.4+0.F 15.2+0.f 8.1+0.4 14.8+0.2
FBOh 48.0+02 9.5+1.% 15.4+0.% 7.2+0.F 15.7+0.4
FB 24 h 49.8+23 11.4+0.5° 15.7+0.6 9.5+0.F 19.0+1.6
FB 48 h 39.5+04 12.1+1.8¢ 11.7+0.6 10.5+0.1 18.8+0.2
FB 72 h 40.1+00 14.7+2.7 10.9+0.7 11.2+0.6° 21.6+1.3
FB 96 h 47.8+038 13.7+0.6¢ 8.7+0.5 12.8+0.3 21.3+0.8°
FB 120 h 43.4+0% 13.9+0.6" 7.4+0.4 11.7+0.7 22.1+1.6

FB 0: fermented bran at 0 h; FB 24: fermented bra&#dt; FB 48: fermented bran at 48 h; FB 72: ferntkbran at 72 h; FB
96: fermented bran at 96 h; FB 120: fermented btal2@ h. Mean + standard deviation. Different Iettimdicate significant
difference (p <0.05).* dry basis.

The changes from the carbohydrates into proteirreas. The  agro-industrial raw  material
by fungal species have been explored in severhioconversion is a potential process for the
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proteins production, mainly for the nutritional Furlong (2007) evaluated the rice bran
supplementation in animal feed. Some fungi havéermentation with Rhizopussp and Aspergillus
been reported to contribute to protein contentsryzaeand also obtained an increase in the protein
increase in agro-industrial raw materials, such asontent higher than the one presented in this work
Aspergillus niger AS 101 in corn cobs, (69%). This difference could be related to the fact
Trichoderma reesein beet-pulp and white rot that the authors used defatted rice bran as
fungi in sugarcane bagasse (Anupama ansubstrate. The relevant increase in protein content
Ravindra 2000). In this work, the fungal biomassand in the phenolic compounds antioxidant
development brought an increase in the proteiactivity during fermentation have also been
content, which was maximum after 120 h (22.1%)reported by Silveira and Badiale-Furlong (2007)
This increase was 30% in the first 24 h, whichand Oliveira et al. (2010), guiding the interest in
remained constant till 48 h, which furtherextracting both the components to apply in food
increased, reaching 49% at 120 h. This was highéormulations.

than found by Oliveira et a(2010), who applied Table 2 presents the protein solubilization and
the same fermentation conditions and achieved @ecipitation percentage from bran and fermented
42.8% protein after 96 h. Silveira and Badialebran in the isoelectric point and with acetone)1:3

Table 2 —Yields in percentages of solubilization and préatpn of proteins from the fermented bran.
Precipitation (%)

Samples Solubilization (%) P Acetone

Bran 80.5+10.5 24.7+3.9 45.4+6.0
FBOh 23.7+0.% 15.6+0.4 16.1+0.4°
FB 24 h 20.3+0% 37.0+1.7 10.1+0.7
FB 48 h 54.0+0% 1.4+0.1 16.8+0.7
FB 72 h 53.5+18 1.4+0.1 18.2+0.6"
FB 96 h 66.4+18 2.0+0.F 20.1+0.5'
FB 120 h 62.5+1% 1.6+0.1 26.6+0.6°

FB 0 h: fermented bran at 0 h; FB 24 h: fermented bie24 h; FB 48 h: fermented bran at 48 h; FB 72imented bran at 72
h; FB 96 h: fermented bran at 96 h; FB 120 h: ferte@ bran at 120 h. |.P- isoeletric point. Meanandard deviation. Different
letters indicate significant difference (p <0.05).

In an alkaline medium, 80.5% of the rice brarbiomass. Besides the highest yield, the acetone
proteins were solubilized and an increase of 180%pplied can be easily removed from the protein
during the fermentation was obtained, reaching ufraction by using mild temperatures. The biomass
the maximum 66.4% after 96 h, correspondingbtained at 120 h had higher yield in precipitation
to 499 mg,otemgdb'l. The difference between the but at 96 h, there was a higher yield of solubdlize
rice bran and fermented bran at O h could berotein, thus the choice of fermentation time will
explained due the presence of salt solution idepend on the kind of application to be given to
fermented bran, causing a decrease in protethe protein.

extraction. There was a decrease in th&he results from the phenolic compounds
precipitation of proteins at the isoelectric pointquantification as well as the ability of DPPH
(pH 4.5) throughout the fermentation, whichradical scavenger exhibited by the extracts are
suggested that the proteins from the produceshown in Table 3 and in Figure 1, respectively.
biomass were more soluble in nature, possibly duehenolic acids are hydorxyanalogues of the
to the reduction in the rice bran protein chain obenzoic and cinnamic acids. The hydroxycinnamic
fungal proteins production. acids are more common than the hydroxybenzoic
The employment of acetone was more efficient foacids, which are mainly originated from p-
protein precipitation from the fermented bran,coumaric, caffeic, ferulic and synaptic acids.
increasing in up to 16 times the yield duringSeveral of these phenolic acids are also found in
precipitation, and the biomass from 120 h had ththe products from the grain and ferulic acid is the
highest yield (26.6 %). Therefore, for that proteirmost abundant and concentrated in the outer part
source, the precipitation with acetone was moref the grain. They have been considered to offer
promising for protein recovery from the fermentedootential protection against cancer and heart
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diseases (Mattila et al. 2005), which aresugar, fatty acids or proteins (Kahkonen et al.
determined by their antioxidant power. In cereals1999) and can be available during fermentation.
phenolic compounds are bound or linked with

Table 3 -Content of total phenolic compounds during ferragan.

Samples TPC (Mgpc. Gic )
Bran 0,3+0,0°
FBOh 0,4+0,0°

FB 24 h 1,5+0,0°

FB 48 h 1,3+0,1°

FB72h 1,1+0,0°

FB 96 h 1,3+0,0%

FB 120 h 1,4+0,0°

FB 0 h: fermented bran at O h; FB 24 h: fermented bta24 h; FB 48 h: fermented bran at 48 h; FB 7ftmented bran at
72 h; FB 96 h: fermented bran at 96 h; FB 120 hmésted bran at 120 h. TPC- total phenolic compouktisan_+ standard
deviation. db- dry basis. Different letters indeatgnificant difference (p <0.05)

32
77
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72 -
Fer —=m - FEOh
gﬁz w—t = FB 24
Ty
=57 -=-=-FB4Eh
g
=852 —+ - FBTZh
=2 7
£ . —e—FB96h
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37 .-
32 '." T T T
15 30 45 80
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Figure 1- Inhibition percentage of DPPH done by the phenmimpounds both from the bran and
from the biomasses generated at different fermientattervals.

In rice bran, the content of phenolic compoundsompounds, which have been considered as the
was 0.3 mgsc Gur -, Which was higher than the most active antioxidants due to the double link in
one found by Oliveira et #005) in the rice the molecule, taking part in the stability of the
(0.04 mgpc guw?). This could be related to the radical by resonance shift of the unpaired electron
protecting function assigned to compoundgWanasundara 1994). Figure 2 proved this
justifying the abundance in the outer parts of théehavior, as despite of the biomass fermented for
vegetal tissues (Rassoli and Abyaneh 20024 h showed the highest content of phenolic
Vazquez 2001). A relevant increase in TPQompounds, the biomass extract at 96 and 120 h
content was observed during the fermentatiompresented the largest antioxidant activity. The
being the highest production after 24 hability of scavenging radicals from distinct
(1.5 mgpc gisY). It could be inferred these extracts showed a linear and increasing relation
compounds were formed during the fermentationvith the time of reaction, because the inhibition
process by the breaking down of the lignin preserercentage of them was higher in 60 minutes. The
in the substrate cell wall. most constant ability of oxidation inhibition along
The study on the ability to scavenger DPPH fre¢ghe 60 minutes of reaction was observed in the
radical showed that all the extracts acted aextract obtained from the biomass produced after
scavengers of the radicals, but due to th@&6 h. In this case, the behavior, similar to the
complexity of the lignin structure, phenolics ireth proteins, showed that this duration could be
extracts biomass presented distinct potentials tappropriate to the type of application intended in
donate electrons at each interval of collectionthe food formulation.

Coumaric and ferulic acid were the prominent
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CONCLUSION

The lipid content of rice bran was reduced to 49%
during the fermentation and an increase of 48, 4
and 49% in the content of ashes, fibers an

Kupski, L. et al.

Mattila P, Pihlava JM, Hellstrom J. Contents of

phenolic acids, alkyl- and alkenylresorcinols, and
avenanthramides in commercial grain produads.
Agric. Food Chem2005; 53: 8290-8295.

liveira MS, Dors GC, Souza-Soares LA, Badiale-
Furlong E. Atividade antioxidante e antifingica de

proteins respectively were observed. The proteins g,ratos vegetaiglim. Nutr. 2005; 18: 267-275.
recovery from the fermented bran, employing thejiveira MS, Kupski L, Feddern V, Cipolatti EP,

alkaline solubilization and precipitation with

Badiale-Furlong E, Souza-Soares LA, et al. Physico-

acetone was 16 times higher than precipitation atchemical characterization of fermented rice bran

the isoelectric point. During the fermentation,

biomassCyTA-J. of Food2010; 8: 229-236.

antioxidant compounds were also produced. Theandey A, Soccol CR, Mitchell D. New developments

biomass after 96 h fermentation was the most
promising protein and antioxidant source and
could be employed in food formulations,
especially if the intention was to prevent oxidativ
processes at a larger interval.

in solid state fermentation: I-bioprocesses and
productsProcess Biochen2000; 35: 1153-1169.
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residuos agroindustriais em processos
biotecnolégicos como perspectiva de reducdo do
impacto ambientald. Technol. Manag. Inno2007;
2:118-125.

Rasooli I, Abyaneh MR. Inhibitory effects of Thyme

ACKNOWLEDGMENTS

CAPES, CNPq and FURG are thanked for
providing research support.

REFERENCES

Adebiyi AP, Adebiyi AO, Jin DH, Ogawa T,

Si

oils on growth and aflatoxin production by
Aspergillus parasiticus~ood Control 2004: 15: 479-
483.

ilveira CM, Badiale-Furlong E. Caracterizacdo de
compostos nitrogenados presentes em farelos
fermentados em estado soéliddCiénc. Tecnol.

Aliment.2007; 27: 805-811.

Singhania RR, Patel AK, Soccol CR, Pandey A. Recent

advances in solid-state fermentati@®iochem. Eng.
J.2009; 44: 13-18.

Muramoto, K. Rice bran protein-based edible films.Sousa CMM, Silva HR, Vieira-Jr GM, Ayres MCC,

Int. J. Food Sci. Techno2008; 43: 476—483.

Anupama P, Ravindra L. Value-added food: singlé cel
protein Biotechnol. Lett2000; 18: 459-479.

AOAC- Association of Official Analytical Chemists.
Official Methods of Analysisl7th ed. Washington:
2000.

Cientec - Fundacdo de ciéncia e tecnolofiartaria
108 de 4 de setembro de 1991 do Ministerio da
Agricultura e Reforma AgrariaDiario Oficial da
Unido: 1991.

Feddern V, Souza-Soares LA, Badiale-Furlong, E.
Efeitos da fermentagdo nas propriedades fisico-
quimicas e nutricionais do farelo de arr@énc.
Tecnol. Aliment2007; 27: 800-804.

Griffin DH. Fungal physiology2nd ed.; 1993.

USDA-

Wanasundara U, Amarowicz R, Shahidi F.

Costa CLS. Fenbis Totais e Atividade de Cinco
Plantas MedicinaifQuim. Nova2007; 30: 351-355.

Souza MM, Recart VM, Rocha M, Cipolatti EP,

Badiale-Furlong E. Estudo das condicdes de extracdo
de compostos fenodlicos de ceboklliim cepa L).

Rev. Inst. Adolfo Lut2009; 2: 26-34.

United State Department of Agriculture.
Disponivel em http://www.usdabrazil.org.br/home,
acessado em 27/12/2011.

Vazquez BI. Inhibitory effects of eugenol and thymo

on Penicillium citrinumstrains in culture media and
cheese.Int. J. Food Microb 2001; 67: 157-163.
Isolation
and identification of an antioxidative component in
canola J.Agric Food Chem1994; 42: 1285-1290.

Kahkonen MP, Hopia Al, Vuorela HJ. Antioxidant zZdradek C.P. Otimizagdo do crescimento dos fungos

Activity of Plant Extracts Containing Phenolic
CompoundsJ. Agric. Food Cheml1999 47: 3954-
3962.

Kester JJ, Fennema OR. Edible films and coatings: a
review, Food Technol1986; 40: 47-59.

Lowry OH, Rosenbough HI, Fair AL, Randall RI.
Protein measurement with the Folin phenol reagent.
J. Biol. Chem1951; 193: 265-275.

comestiveisP. ostreatus e P. sajor cajutilizando
residuos agroindustriais[Dissertation]. Rio Grande,
Brasil. Federal Universtity; 2001.

Received: May 27, 2011;
Revised: December 19, 2011;
Accepted: June 02, 2012.

Braz. Arch. Biol. Technol. v.55 n.6: pp. 937-942)WDec 2012



