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ABSTRACT

The microbial protein hioconversion d cactus pear by yeast in solid medium was gudied. Three cultivation
variables used were: inoculum’'s concentrations (5, 10 and 15 %), substrate layer thickness (2, 4 and 6 cm) and
temperature (30, 34 and 38 °C). The rate of dry matter production and total protein were determined. Results
obtained were \ariance analysis, grossenergy andin vitro dry matter digestibility. The maximum protein amount
achieved for the conditions studied in the present work was higher than 26 %, which wascompatble or greater than
thase of conventional concentrates of protein supplements used for animal feed. The protein concentrate of cactus
pear had a higher invitro dgestibility index (95.8 %) and did nat show any charges in the grossenergy value when
compared to that of the cactus pear in natura.
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INTRODUCTION

The production o fodder in the Semi-arid region
is provoked by the irregular distribution o therain
and assciated to a deficiency in pasturing,
resulting in low availability of fodder during the
drought season. This results the use of commercial
concentrates during this period as a proten
suppement to suppress the nutritional necessties
of the herd. But due to the frequent price rise of
the proten suppgdement used in fealing the
animals, it is becoming a non-econamical activity
for the breeders. Thus, this challenge has
stimulated the interest in utilizing non-
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conventional suppies in the Animal Alimentation
Industry in Brazil.

Within the products that can be a substitute for the
protein supdement, the microorganisms (algae,
bacteria, fungi and yeasts) are considered a source
of cdl protein with an elevated protein content
besides possessing a rapid gowth rate and the
possbility of being cultured on diverse substrates.
Of the vegetation available in the region that
presents favorable characteristics to develop these
microorganisms, cactus pear seams promising.
This cactus is one of the most promissory from the
Semi-arid region, by presenting the largest part of
alimentation furnished to the animals during the
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drought. This increases the avail ability of fodder
and alleviates the problems of the water
suppement to these animals. This is also rich in
minerals, calcium, iron and vitamin A. It presents
an devated texture of soluble carbohydrates
besides presenting a high coefficient of
digestibility of the dry matter and high
productivity (Santos et al., 1992 Teixeira ¢ a.,
1999. The largest area planted with cactus pear in
the world is in the Northeastern Region of Brazil
(approximately 550 lectares). Although it has
characteristics that are adapted to the adverse
condtions of the region, it presents me
limitations in relation to proteins and minerals,
showing itself as inferior to ather fodder cultures.
With the cultivation of microorganisms duch as
fung, this vegetable can increase its nutritional
value being added to microbial proteins, salts like
phosphate, potassum and calcium besides
containing some vitamins from the complex B,
important growth factors for the animals (Villas
Boas and Esposito, 2000.

Solid-state fermentation (SSH is a microbial
process in that a solid material is used as the
substrate or the inert support of microbial cell
growing on it. It embraces the growth of
microorganisms on water-insoluble substrate in the
absence of free water (Mitchdl e al., 199; Sato
and Sudo, 1999 Pandey et al., 2001).

The objedive of this work was to study the effeds
of variables inoculum concentrates, temperature
and layer thickness over the protein increase and

MATERIALS AND METHODS

The microorganisms used for protein enrichment
of substrate in study was Saccharomyces
ceevisiae, commercial type fresh biological yeast,
with moisture content of 70% in a wet base and
crude protein content of 45%. To prepare the
inoculum, the microorganism was added diredly
to the substrate at levels of 5, 10, and 15% in
relation to the weight, as shownin Table 1.

The substrate used was cactus pear (Opuntia ficus-
indica Mill) derived from the experimental field o
Donana Farm. After harvesting the material, the
racquets of cactus pear in natura were ground in a
fodder type Nogueira N°2.

SSF was carried aut by taking 1 kg of substrate in
aluminum trays (60 cm diameter and 12 cm high
and fermenting at 30, 34, and 38° C (Table 1).
After the final fermentation process the samples
for analyses were weighed and put in trays of
aluminum paper N° 20to redlize apredrying in an
oven at 55° C for 72h. The samples, afterwards,
were weighed, grinded in a mill type Willy, with
mesh 40, conditioned in dass flasks closed
hermetic and sent to the Nutritional and Animal
Alimentation Laboratory of the Zootecnia
Department at CCA from UFPB for the chemical
bromatological analyses and digestibility in vitro
of the dry matter. Dry matter, gross energy and
moisture content were determined according to the
recommendations of AOAC (1984). To determine
the crude protein in the dry matter, micro Kjeldahl

dry matter of cactus pear in solid-state  method was used (AOAC, 1984. To determine the
fermentation process digestibility in vitro of the dry matter, the
technique used was the two stages proposed by
Tilley and Terry and described by Silva (1998.
Table 1 presents the origin o the factorial design
23, with thereal levelsin parenthesis.
Table 1- Factorial design 23
Experiment | C T | L
1 -1 (5%) -1 (30°C) -1 (2cm)
2 +1 (15%) -1(30°C) -1 (2cm)
3 -1 (5%) +1 (38°C) -1 (2cm)
4 +1 (15%) +1 (38°C) -1 (2cm)
5 -1 (5%) -1 (30°C) +1 (6cm)
6 +1 (15%) 1 (30°C) +1 (6cm)
7 -1 (5%) +1 (38°C) +1 (6cm)
8 +1 (15%) +1 (38°C) +1 (6cm)
9 0 (10%) 0(34°C) 0 (4cm)
10 0(10%) 0(34°C) 0 (4cm)
11 0(10%) 0(34°C) 0 (4cm)
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The entrance variables (independents) studied
were: Initial yeast concentrates (C), Temperature
(T), and Layer thickness (L). The response
variables (dependents) studied in the protein
enrichment were: % of dry matter (DM) and % of
protein increase (Pl).

The determination o protein increase had as its
bases the protein value contained in the dry matter
of the cactus in natura and was defined as the
reason between the protein value of the enriched
cactus (g) and the initial value of the crude protein
(CP) in natura (g), as shown in Equation 1.

DMxCP(enchment)- DMXCP(innatura)
X1

Pl (%)= 00 (1)

DMxCP(innatura)

RESULT S AND DISCUSS ON

Fig. 1 illustrates the kinetic study of the solid-state
fermentation with the objective to determine the
ideal time of the protein increase.

The curve of % protein increase (Pl) grows with
the fermentation time up to 48h. After this time a
deaease in the Pl value was naticed within 72h.
This deaease could be attributed to a probable
cdlular protein denaturation.

With the study of the kinetic fermentation, 48h
was detemined to study the dfeds of the
variables C, T, and L over the percentage of the
dry matter (DM) and the protein increase of the
enriched cactus pear (Pl). At this time of
fermentation the protein increase presented the
highest value (465.3%) as observed in Fig. 1.
Table 2 presents the results of the responses
studied from the 11 expeiments (Factorial
design).

Results were interpreted through the analysis of
variation and regresson, using F-Test at a level of
95% confidence and determination coefficient
(R?). The linear codified models obtained for the
crude protein (Pl) and dy matter (DM) are shown
through Equations 2 and 3, wherethe value in bald
types are the significant statistical values at a level
of 95 % confidence.

In Table 3 the parameters of F-Test are presented,
the eplained variation coefficient (R?) and the
caculated F value and listed F value for the
responses.

The linear codified models of the % dry matter
(DM) and % protein increase (Pl) were statistical

significance at the level of 95% confidence and
were highly predictable, because the calculated F
values times superior to the listed values (Box and
Draper, 1987). Statistical significance model could
be utilized to build the response surfaces to
optimize the processin study. Fig. 2 ill ustrates the
variableinfluences C and T over the % PI.
Inoculum concentrate (C) presented a positive
effed on the response. An increase in the
concentration level -1 to the level +1, maximized
the response value (Pl). The temperature (T) effed
was minimum.

In Fig. 3, the effects of the variables C and L over
the % PI are presented.

Yeast concentration (C) presented the most
significant effect, influencing the positive
response. With the increase in C, there was a
significant increase in the response (Pl).
Temperature (T) and the layer thickness (L), did
not present any significant effed at the levels
studied. The analysis of the crude proten relates
with total nitrogen (inorganic and arganic). Yeast
can not use the nitrogen from the air. This way an
increase of the nitrogen in the substrate doesn't
occur during the process but a deaease of the
substrate weight occurs due to the volatilization of
CO, and H,O during fermentation. This justified
the increase of crude protein. Cactus pear with
increased protein can substitute the concentrates
used in the conventional animal feed. Comparing
the % of CP, from this sudy, with the contents
recommended by the National Research Council -
NRC (1989, observing that the protein enriched
cactus pear reached protein contents equal or
superior to those concentrates of oats (14.7%),
gross wheat bran (15%), babacu pie (20.5%),
crushed coconut (21.2%), cotton seed (23.1%),
pea grains (23.4%), babacu bran (24%) and cat
bran (25.8%).

In relation to the response of % dry weight (DM)
(Figs. 4 and 5), the same profile was observed in
the 3 responses of the % protein increase (PI).

The percentage increase in the dry matter from the
fermented product (DM) was due to the growth of
the yeast in the substrate. This growth occurred
due to the metabolism of the soluble carbohydrate,
that produce CO,, H,O and released energy in the
form of ATP.

Table 2 showed that the % dry matter (DM) of
cactus pear in natura was 9.3 and the value added
to the inoculum (yeast) in the cactus was 30%.
During the fermentation processincrease in the %
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DM content was aobserved witnesing the
microbial growth.

Santos (1989 compared three cultures of cactus
pear associated to the sorgo ensilage and doserved
that the animals fed with the those (round, small
and dant cactus) didn't get though dry matter and
crude protein. However, results obtained in this
study suggested a viable alternative to attend the
nutritional necessities of the animals during the
drought season due to the lack of food in the
region.

Table 4 shows the values of digestibility in vitro
and the cactus brute energy in natura (average of
the 11 experiments).

Pl (%) = 259. 01 + 133.84C - 3.21T - 2.11L -
571C.T +1.14C.L + L.19T.L +369CT.L (2

500-
400
300 o

200

Pl

100

DM (%) = 12. 50 + 1.829C - 0. 0013T - 0.066L -
0.06C.T +0.05C.L -0.02.L +0.03C.T.L (3)

Digestibility in vitro increased from 78.09% to
95.8% (Table 4) in the cactus after SSF. The
digestibility coefficient of the cactus pear in
natura (Table 4) presented a similar value found
by Araujo (1994 and Jardim (1995 for the silage
of corn (75%) and sorgo (78%), respectively after
the enriched protein achieved a higher digestibil ity
coefficient than found by Araujo (1994 for the
soy bran in natura with a correspondng
percentage of 92.3%.

28N
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—
40 50 60 70 80
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Figure 1 - Kinetic protein increase (Pl) with C = 10%, T = 38°C and L = 4cm.

Table 2 - Variable values (%), CP (%) and Pl (%)

Experiment | DM (%) CP (%) Pl (%)
1 1074 1488 1168
2 1449 2548 4010
3 1096 1525 1264
4 1434 2433 3734
5 1062 1494 1153
6 1442 2501 3893
7 1063 1493 1153
8 1433 2475 3812
9 1231 2251 2760
10 1225 2126 2534
11 1243 2375 3006
in natura 9.30 7.93 -
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In relation to the gross energy, a small increase
was observed in the values of the cactus in natura
(3.52 Kcal/g) in relation to the processed (3.96
Kcal/g). Despite the utilization of carbohydrates
by the yeast for its growth, the brute energy

Table 3 - Analysis of variance (ANOVA)

16E

content was practically unaltered after the protein
enrichment, confirming that the process didn't
influence the energetic content negatively.

Par ameters ‘ DM PI
Calculated F-value 10455 4431
R? 0.99 098
Calculated F-value /F listed value 204.2 865
Table 4 - Digestibility in vitro and gossenergy values
Variable | in natura Enrichment average
Digestibility Index (%) 78.09 958
Grossenergy (Kcal/g) 3.52 396

(5/0) (i) ISTAIIWL WO AN

Figure 2 - Temperature influence ad concentration over the protein increase (PI), fixed

L in central point (4 cm).
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Figure 3 - Layer thicknessand concentration influence over the protein increase (Pl)
fixed T in central point (34°C).

(©/Q) GRE) Jwew i

Figure 4 - The influence of temperature and concentration over the % dry matter (DM),
fixed L in central point (4 cm).
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Figure 5 - The influence of concentration and layer thickness over the % dry matter
(DM), fixed T in central point (34°C).

CONCLUSIONS

The cactus pear protein supdement, obtained in
this gdudy, utilized the yeast as an inoculum,
constituted in a non conventional feed alternative
to the cereal grains that are used in the raising of
animals (the so called conventional supdements).
The percentage protein increase was up to 400%.
Inoculums concentration most influenced the
increase positively.

The digestibility in vitro increased from 78.9% to
95.8%, indicating that there was an excdlent
absorption d nutrients in the tests realized and that

the gross energy was maintained almost unaltered

confirming that the process didn't influence the
energetic content negatively.

It could be concluded that protein enrichment of

cactus pear by SSFin atechnical viable option.

RESUMO

A bioconversdo da proteina microbiana aravés da
levedura em meio solido, foi estudada em palma

forrageira cultivada em condcdes laboratoriais,
sob trés niveis de concentragdo doindculo (5, 10e
15%), espesaras distintas das camadas dos
substratos (2, 4 e 6¢cm) e temperaturas (30, 34 e
38°C). Foram analisadas as taxas de produgéo de
matéria seca (MS), proteina bruta (PB), cujos
resultados foram submetidos & adise de
variancia, energia bruta (EB) e digestibilidade in
vitro da matéria seca (DIVMS). O valor maximo
de teor protéico, acancado nes condiges
estudadas nesse trabalho, foi superior a 26%,
sendo esse teor compativel ou maior do que os
concentrados  convencionais  utilizados como
suplemento protéico para a ragdo animal. O
concentrado protéico da palma obteve um alto
indice de digestibilidade in vitro (95,8%) e nédo
apresentou grande alteragdo no valor da energia
bruta se comparada com a palmain naura.
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