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EFFECT OF SOLID STATE FERMENTATION ON NUTRITIONAL CONTENT
AND EVALUATION OF DEGRADABILITY IN CACTUS PEAR'

TAMIRES CARVALHO DO SANTOS?, GLEIZA ALVES DINIZ?, AILA RIANY DE BRITO?,
AURELIANO JOSE VIEIRA PIRES?, MARCELO FRANCO’

ABSTRACT - The process of protein enrichment of cactus pear (Nopalea cochenillifera (L.) Salm Dyck) by
solid state fermentation with the use of Aspergillus niger and Rhyzopus sp. was studied for improving the nutri-
tional value of this cactus species for use as animal feed. The experiments were conducted in the Agro-
industrial Waste Laboratory of State University of Southwest Bahia (Brazil). To this end, we have evaluated
the effects of biotransformation on the levels of protein, cellulose, hemicellulose, and lignin, as well as the po-
tential degradability. Bioconversion was carried out using cactus pear as the only substrate, without supplemen-
tation with nitrogen, mineral and vitamin sources. The fermentation with Aspergillus niger promoted a 78%
increase in/of protein content and reductions of cellulose, hemicellulose, and lignin of 40%, 36%, and 28%,
respectively. Degradability, in turn, was observed to have increased by 66 % after 240 h. On the other hand, the
fermentation with Rhyzopus sp. was less efficient, with a 69% increase in protein content, and reductions in
cellulose, hemicellulose, and lignin contents of 30%, 28%, and 18%. In turn, degradability was seen to have
increased by 51%. The fermentation of cactus pear by Aspergillus niger and Rhyzopus sp. exhibited the protein
enrichment and increased protein degradability of this Cactaceae. Moreover, this is the most ever efficient mi-
cro-organism used in bioconversion. Based on the results, bioconversion of cactus is an excellent alternative to
ruminant feeding in arid or semi-arid land.

Keywords: Aspergillus niger. Rhyzopus sp.. Solid state fermentation. Semi-arid Land. Ruminant feeding.
Nopalea cochenillifera (L.). Salm-Dyck.

EFEITO DA FERMENTACAO EM ESTADO SOLIDO NO CONTEUDO NUTRICIONAL E
AVALIACAO DA DEGRADABILIDADE NA PALMA FORRAGEIRA

RESUMO - O processo de enriquecimento protéico da palma (Nopalea cochenillifera (L.) Salm-Dyck) por
fermentag@o em estado s6lido com auxilio dos fungos filamentosos Aspergillus niger € Rhyzopus sp. foi estuda-
do visando a elevag@o dos teores nutricionais para o uso como ragdo animal. Os experimentos foram realizados
no Laboratorio de Residuos Agroindustrial da Universidade Estadual do Sudoeste da Bahia (UESB). O efeito
da fermentagdo em estado sélido sobre a palma forrageira foi avaliado comparando os teores de proteina, celu-
lose, hemicelulose e lignina, além da degradabilidade potencial, com os valores in natura. A bioconversdo foi
realizada utilizando como tUnico substrato a palma forrageira e agua, sem a suplementacdo de fontes alternati-
vas de nitrogénio, minerais ou vitaminas. O fungo Aspergillus niger elevou os teores proteicos em aproximada-
mente 78% e promoveu a redugdo nos teores de celulose, hemicelulose e lignina em aproximadamente 40%,
36% e 28%, respectivamente. Por sua vez essa biotransformagdo elevou a degradabilidade potencial em 66%
apos 240 h. Enquanto que o fungo Rhyzopus sp. demonstrou ser menos eficiéncia no enriquecimento proteico,
com um aumento de aproximadamente 69 %, e a redug@o no teores de celulose, hemicelulose e lignina de 30%,
28% e 18%. Ainda para este fungo a degradabilidade potencial teve uma elevagdo de aproximadamente 51%.
Portanto a fermentagdo da palma forrageira com auxilio dos fungos filamentosos Aspergillus niger € Rhyzopus
sp. promoveram um enriquecimento nos teores proteicos desta cactacea além de elevar a sua degradabilidade
potencial. Com base nesses resultados, a bioconversdo da palma forrageira empregando o método de fermenta-
¢do em estado solido pode ser uma excelente alternativa na alimentacdo de ruminantes em terras aridas ou se-
miaridas.

Palavras-chave: Aspergillus niger. Rhyzopus sp.. Fermentagdo em Estado Solido. Regides Semiaridas.
Alimentagdo de Ruminantes. Nopalea cochenillifera (L.). Salm-Dyck.
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INTRODUCTION

The dairy industry in northeastern of Brazil is
characterized by the presence of small- and medium-
sized breeders. The climatic conditions resulting
from periodic droughts lead to scarce, and irregulari-
ty rainfall associated and high temperatures, affect-
ing the availability and quality of fodder for live-
stock. Reduced milk production or the need for in-
creasing the supply of commercial feed concentrates
for animals so as to meet their nutritional require-
ments decreases the profitability of the sector
(WANDERLEY et al., 2012).

Two forage palm species are grown in north-
eastern Brazil as serve as alternatives to animal feed:
Opuntia ficus-indica (L.) Mill — giant palm - and
Nopalea cochenilifera (L.) Salm-Dyck - cactus pear
- the former being more studied and cultivated than
the latter. The physiological mechanisms of cactus
pear make it one of the plants most adapted to the
ecological conditions of the arid and semiarid re-
gions worldwide; thus it has adapted with relative
ease to the semi-arid zone of northeastern Brazil. As
a result, forage palm exhibits high yields of dry mat-
ter content per unit area, non-fiber carbohydrates and
digestibility coefficient of dry matter. Also, it forms
the basis of animal feed during the shortage of forage
(BISPO et al., 2007, CHIACCHIO et al., 2006;
OLIVEIRA et al., 2010).

The nutritional value of fungi-enriched forage
is almost equal to or higher than that found in com-
mercial concentrates used during the dry season,
once it is rich in microbial protein, minerals and oth-
er nutraceutical compounds (DARWISH et al.,
2012). Thus, the bioconversion of forage palm is an
alternative to aggregate value, increase livestock
production and relieve the supply chain, considering
the frequent price increasing of industrial concen-
trates used in animal dietary supplementation
(ARAUIJO et al., 2005; ARAUJO et al., 2008).

The Food and Agriculture Organization -
(FAO) acknowledges the potential of palm and its
importance in contributing to the development of
arid and semiarid regions, in particular in developing
countries, through the economic exploitation of the
various species, with great consequences for the en-
vironment and food security (CHIACCHIO et al.,
2000).

The bioconversion of forage palm through the
use of technology adapted to rural conditions is an
alternative to establish an economically viable pro-
cess aimed at minimizing the severe regional distor-
tions that affect the country. Nonetheless, protein
conversion efficiency depends on factors such as
temperature, oxygen supply, micro-organisms, and
nutrient availability (GALEMBECK et al., 2009;
GHORALI et al., 2009). Filamentous fungi, especial-
ly some species of the genus Aspergillus and Rhizo-

pus are consider the most promising for biomass
because they raise protein content as well as produce
proteins with specific catalytic activity with high
digestibility —and  without toxic  substances
(SINGHANIA et al., 2009).

The objective of this work was to study the
effects of time on fermentation in solid-state cactus
pear using Aspergillus niger and Rhizopus sp. on
protein enrichment and evaluate the percentage re-
ductions of polymers such as cellulose, hemicellu-
lose, and lignin, as well as the increased in vivo di-
gestibility.

MATERIAL AND METHODS

Cactus pear (Nopalea cochenillifera (L.) Salm
-Dyck) was collected at the experimental field of
Universidade Estadual do Sudoeste da Bahia
(UESB), more precisely at the campus of Itapetinga-
Babhia, Brazil. Samples were prepared at the Labora-
tory of Agro-Industrial Wastes (LABRA). Samples
were cut, dried in a drying oven at 105°C for 24 h.
The dry mass was quantitated by using infrared
equipment (ID200, MARTE), and ground in a Wil-
ley mill (ACB LABOR) so as to reach particle sizing
of 2 mm.

After the drying process, the water activity
was 0.457 as measured by a water activity deter-
miner (BASEQ, AQUALAB). This material was
used as the fermentation substrate after the addition
of sterile distilled water for reaching a water activity
of 0.931.

The filamentous fungi Aspergillus niger and
Rhizopus sp. cultivated at the Laboratory of Agro-
Industrial Waste Reuse were used in the fermenta-
tion of cactus pear. Microorganisms were cultured
on a PDA medium (HIMEDIA ) for seven days at
35°C. Spores were collected using 0.01 % v/v Tween
-80 solution (VETEC) and were counted in a
Neubauer chamber, with the aid of a binocular mi-
croscope (L1000, BIOVAL).

Trials were conducted in Erlenmeyer flasks
containing 40 g of inoculated cactus pear with a sus-
pension containing 10® spores g”' of the substrate.
Fermentation was carried out in a bacteriological
greenhouse with air circulation (SL 101, SOLAB) at
35°C.

Chemical analyzes were performed as de-
scribed by AOAC (1990). Using a conversion factor
of 6.25 for total nitrogen in protein, Kjeldahl method
was applied to determine the total protein content.
The analysis of dry matter was performed in green-
house conditions with air circulation at 50°C for 72
h.

In order to determine the total fibrous compo-
sites, the sample was subjected to a pre-treatment
with 8 M urea (Sigma) and a-amylase (15 pL - Sig-
ma) to catalyze the hydrolysis of starch and prevent
gelatinization. After that, the hydrolyzed sample was
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treated with neutral detergent for separating the in-
soluble fibers consisting of cellulose, hemicellulose,
and lignin and lignified protein fraction. Next, the
precipitate was subjected to drying in an oven at 105
°C, for 8 h and was weighed. In the determination of
acid detergent fiber, a specific acid detergent was
used to solubilize the cellular content and hemicellu-
lose, as well as most of the insoluble protein. An
insoluble residue almost entirely constituted of lignin
and cellulose was obtained (lignocellulose). Lignin
was hydrolyzed with sulfuric acid (72% v/v), and
only cellulose and insoluble minerals were left in the
crucible.

Incineration determined the mineral content
of cactus pear in a muffle furnace (FORNITEC- 2
DM.) at 550°C. The ether extract content from cactus
pear samples (2 g) was determined by gravimetric
analysis using a Soxhlet-type extractor (MA-491,
SPLABO) and petroleum ether as a solvent.

The in situ degradability trial was conducted
in crossbred cattle (Dutch x Zebu) fistulated in the
rumen. The animals were kept in a pasture system
and were fed a diet composed of forage in the form
of Brachiaria decumbens as 20% w/w of the concen-
trate on a dry matter basis. The animals were supple-
mented mineral salt at libitum.

The fermented cactus pear samples were dried
in a greenhouse with ventilation (SL 102, SOLAB) at
55°C for 72 h and were ground in a Willey mill so as
to reach particle sizing of 2 mm. Five grams of each
sample were weighed into polyester bags
(dimensions of 5x10 ¢cm and 50 pum porosity) yield-
ing a ratio of 20 mg of sample per cm™ of the bag.
The bags were sealed, placed in the ventral area of
the rumen, and fixed externally using a nylon rope
(MATHIS et al., 2001). The period of incubation was
240 h. After the rumen had been removed, the bags
were washed in running water and were immediately
transferred to a greenhouse at 60°C, where they re-
mained for 24 h. The bags were afterward dried at

105°C for 45 min to determine degradability.

The model described by Orskov and McDon-
ald (1979) was used to adjust the mean values of dry
matter intake of each diet from the following equa-
tion:

P=a-+b*(l-exp”)

Where P denotes degradability, t is incuba-
tion time, a means soluble substrate completely de-
gradable rapidly and washed out of the bag, b is in-
soluble substrate - but potentially degradable - and ¢
indicates the rate constant function b.

The completely randomized design was used
with three treatments and four replications. Data
were subjected to analysis of variance using the
SAEG software, version 8.0 (2008), whereas the
means were compared by SNK test (Student-
Newman-Keuls) at 5 % probability (p<0.05).

RESULTS AND DISCUSSION

The protein or nutritional enrichment provid-
ed by fermentation in solid state of cactus pear
(Nopalea cochenillifera (L.) Salm- Dyck) using As-
pergillus niger and Rhizopus sp. promoted increases
in the total protein contents of 78%, and 69%, re-
spectively, reaching protein levels of 9.1%, and 8.6
% after 192 h of fermentation (Figure 1).

The decreased amount of protein observed
after 192 h of fermentation in cactus pear can be
assigned to a probable volatilization of the nitrogen
and ammonia production, as reported by Aratjo et
al. (2008).

Protein enrichment was the result of increased
microbial biomass, considering the absence of nitro-
gen sources. Ugwuanyi et al. (2008) have reported
the same effect. As reported by Hu et al. (2012), the
supplementation with 2.5% of nitrogen source is
necessary to increase the protein content from 5-6 %
to 16-20%.

% 114

—0—CP.—-AN (%)
—o— DM. — AN (%)
—m— CP.-RZ (%)
—e— DM. _RZ (%)

T
0 50 100

T T T
150 200 250 300

Fermentation Time (h)

Figure 1. Effect of solid state fermentation in content protein (CP) and dry matter (DM) the cactus pear by Aspergillus

niger (AN), and Rhizopus sp. (RZ)
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The ability of Aspergillus niger to produce
enzymes that catalyze the hydrolysis of polymers
such as cellulose, hemicellulose, and lignin forming
the framework of vegetable matrices enables the
production of metabolites required for microbial
growth. Some of the synthesized enzymes are am-
yloglucosidase, endoglucanase, endoglucanase com-
plex and exoglucanase, laccase, xylanase, peroxidase
and manganese peroxidase (AHMAD et al., 2013;
SANTANA et al., 2012; SANTOS et al., 2012;
SANTOS et al., 2013).

The reported studies concerning the protein
enrichment of forage have on the whole used giant
palm - Opuntia ficus-indica (L.) Mill — therefore, few
are the studies involving cactus pear - Nopalea
cochenilifera (L.) Salm-Dyck. The protein enrich-
ment of giant palm (Opuntia ficus-indica (L.) Mill)
using an inoculum concentration of 1% w/w Saccha-
romyces cerevisiae and 36h of fermentation allowed
for a protein content increase from 4.0% to 9.22 %,
that is, an increase of 131%. The shorter fermenta-
tion time used by these authors with a gain of protein
content similar to that observed in this study can be,
amongst other factors, assigned to the greater amount
of Cactaceae and inoculum used in the fermentation
process. In other studies, the fermentation of cactus
pear using fungi allowed for increasing protein con-
tent at levels similar to those observed in sorghum
(10 %) and grain corn (9 %), which are widely used
as animal feed (ARAUJO et al., 2005; ARAUJO et
al., 2008).

As per the example of forage palm, the bio-
conversion of agro-industrial waste and other sources
has also been studied as to increase protein content
and promote the nutritional enrichment of these ma-
terials for use in animal feed (DAWISH et al., 2012;
OGUNIJOBI et al., 2011; RUDRAVARAM et al.,
2006).

Nonetheless, it is noteworthy that the optimi-
zation of parameters involved in bioconversion, such
as humidity and pre-treatment of raw material, micro
-organism species and amount of inoculum, tempera-
ture and fermentation time, pH, particle size of the
substrate, and additional nutrient sources should be
evaluated so as to achieve greater efficiency in the
process.

When evaluating the effect of different micro-
organisms in the protein enrichment of forage spe-
cies (Digitaria decumbens Stent) widely used in Tai-
wan as animal feed, Hu et al. (2012) have verified an
increase from 5.97-6.28% to 7.09-16.96% in protein
content, which was determined by the type of micro-
organism isolated or used in the fermentation pro-
cess. As regards the use of Aspergillus niger, the
observed increase in protein content was 9.3%,
whereas the highest protein level was obtained with
the use of Streptomyces vendargensis (isolate CL3).
Also to a greater amount of the used forage species,

supplementation of the culture medium with nitrogen
sources and minerals has promoted a final protein
content of the one used in the present study.

Synergistic effect was observed with the com-
bination of Pleurotus ostreatus and Saccharomyces
cerevisiae in the solid state fermentation of corn
stalk, leading to a protein content increase from 3.6
to 11.8 % (DARWISH et al., 2012).

The use of forage pre-treatment has promoted
structural changes, making the lignin-cellulose frac-
tion more accessible to hydrolytic enzymes, thus
favoring microbial metabolism (HU et al., 2012).

According to Araujo et al. (2005), the concen-
tration of Saccharomyces cerevisiae inoculum was
the parameter that most influenced the 400% in-
crease of protein content in giant palm (Opuntia
ficus-indica (L.) Mill). As measured by these re-
searchers, the maximum protein content of 26% was
equal to or higher than those of oat bran (25.8 %),
coarse wheat bran (15%), babassu meal (20.5 %),
coconut residue (21.2%), cotton seed (23.1%) and
babassu bran (24%).

In a study addressing the protein enrichment
of rice bran with Aspergillus oryzae, the optimum
conditions for the process were: 60% humidity, 28°
C, pH 6.0, inoculum concentration of 10° spores g
of substrate, and substrate particle size of 0.3 mm.
Amongst the various studied nitrogen sources, am-
monium sulphate (0.6% w/w) has contributed to the
maximum enrichment of protein (24.30%) when
compared to in natura bran (RUDRAVARAM et al.,
2006).

The protein enrichment of corn cob was from
5.69% to 18.96 %, an increase of 258 % using Bacil-
lus stearothermophilus was maximum at 55°C, pH
7.0, aeration rate of 1.0 vvm (volume of air per vol-
ume of the medium per minute), 5% inoculum (v/v),
and supplementation with vitamin and mineral mix-
ture (UGWUANYT et al., 2008).

The solid-state fermentation of cactus pear
using Aspergillus niger and Rhizopus sp. has caused
a decrease in the initial dry matter content (12%) at
9.51% and 9.81 %, respectively, a decrease of 21%
to 18% (Figure 1).

According to Burrows (1970), in the fermen-
tation of glucose in aerobic medium, near half the
amount of carbon is oxidized to CO, to supply the
energy necessary for microbial, whereas the other
half is converted into cellular material.

The reduction of dry matter content consump-
tion is revealed by the intake of fibrous components.
After 120 h of fermentation by Aspergillus niger, the
reductions of cellulose, hemicellulose and lignin
were 40%, 36% and 28%, respectively; and 47.83%,
42.24% and 36.09% after 240 h of fermentation. On
the other hand, the degradability potential was seen
to have increased by 66 % and 77 % after 120 h and
240 h of biotransformation (Figure 2).
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Figure 2. Effect of fermentation with Aspergillus niger cactus pear in levels of fibrous components and potential degrada-

bility (PD).

After cactus pear was subjected to fermenta-
tion with Rhizopuz sp. for 120 h, the levels of cellu-
lose, hemicellulose and lignin were seen to have re-
duced by 30%, 28%, and 18%, respectively. In turn,

fermentation for 240 h led to decreases of 39.51%,
36.89%, and 26.48%. The increase in degradability
was 51% after 120 h, reaching 58% by the end of the
process (Figure 3).
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Figure 3. Effect of fermentation of palm girl with Rhizopuz sp. the levels of the fibrous components and potential degrada-

bility (PD).

The results of this study allows to conclude
that Aspergillus niger is more efficient than Rhyzo-
pus sp. in the enrichment cactus pear due to its high-
er dry matter intake - as demonstrated by the as-
sessed fibrous components assessed - and the in-
creased potential degradability and protein content
(Figures 1-3).

A greater effect of fermentation in reducing
cellulose (51%), hemicellulose (46%) and lignin
(49%) was obtained by varying the amount of inocu-
lum from Saccharomyces cerevisiae and the fermen-
tation time of corn stalk with Pleurotus ostreatus
(DARWISH et al., 2012). Nonetheless, a decrease in
hemicellulose content (37.71 %) similar to the one
used in the present study was evidenced with the
fermentation of corn cob by Bacillus stearother-
mophilus (UGWUANYI et al., 2008).

An increase of approximately 21% in the in

Revista Caatinga, Mossord, v. 28, n. 3, p. 248 — 254, jul. —set., 2015

vitro digestibility of giant palm fermented with Sac-
charomyces cerevisiae was reported by Araujo et al.
(2005). As for the forage species Digitaria decum-
bens Stent fermented with Streptomyces thermoni-
trificans (NTU-88), the in vitro digestibility has in-
creased from 4 to 24.8 %, i.e., an increase of 500 %.
This modification denotes the importance of a care-
ful selection of micro-organisms and the fermenta-
tion conditions. Analyzes made in this study re-
vealed increased degradability of biomass due to
higher cell fiber degradation of cactus pear by the
micro-organisms present in the rumen, and thereaf-
ter, a greater nutrient absorption. Studies show there-
fore that the biotransformation of the palm is an im-
portant source of animal feed.

As an example, a study conducted by Bispo et
al. (2007) has shown that a 56.0% replacement of
giant palm (Opuntia ficus indica, Mill) by elephant
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grass hay in the diet of sheep has increased the intake
and utilization of nutrients. According to Torres et
al. (2009), cactus pear can fully replace giant palm in
diets for growing cattle once it does not change the
intake the apparent digestibility of nutrients, rein-
forcing the potential of this Cactaceae as animal
feed.

CONCLUSION

The fermentation of cactus pear by Aspergil-
lus niger and Rhyzopus sp. exhibited the protein en-
richment and increased protein degradability of this
Cactaceae. Moreover, the Aspergillus niger organism
is the most efficient when used in bioconversion. The
increase in protein degradability was due to a reduc-
tion in the levels of the fibers. The observed increase
in degradability demonstrates that the presence of
fungal protein did not negatively affect the operation
of rumen bacteria.

The protein enrichment of cactus pear is an
alternative to the use of cereal grains and commercial
concentrates like protein sources of high quality.
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