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ABSTRACT

Single cell protein (SCP) are microbial cells (primary) algae, fungi, yeast and bacteria or a
mixed culture grown in mass culture and harvested for use as protein source for food and
animal feed using agricultural wastes as substrate. The production of single cell protein
(SCP) using pineapple and banana peel wastes as substrates in the presence of different
carbon and nitrogen sources by a local isolates of Trichoderma viride was investigated. The
methods employed were proximate analysis; growth determination using mycelia dry
weight, absorbance and pH as parameters whereas protein yield determination was done
using proximate protein analysis. The results revealed that the nutrient found in pineapple
and banana peel extract were 7.43% and 9.04% crude protein, 6.72% and 7.68% fibre, 5.04%
and 6.61% fat, 40.12% and 48.16% carbohydrate, 5.84% and 6.15% ash. The highest and
lowest values for pineapple and banana media supplemented with carbon sources using
sodium nitrate as nitrogen sources were cellulose (3.28) - glucose (0.45), cellulose (3.05) -
fructose (0.44) mycelial dry weight; maltose (3.620) - mannose (0.275), saccharose (7.590) -
maltose (0.918) absorbance; cellulose (7.08) - glucose (6.18), cellulose (7.24) - maltose
(6.20) pH and fructose(18.35) - glucose (9.57); saccharose (30.96) - sucrose (13.20) protein
yield. Also, the media supplemented with nitrogen sources using sucrose as carbon source
revealed: potassium nitrate (1.13) - ammonium oxalate (0.62) and sodium nitrite (1.04) -
potassium nitrate (0.71) mycelial dry weight; ammonium oxalate (1.288) - sodium nitrite
(0.200) and ammonium oxalate (2.643) - ammonium sulphate (0.155) absorbance;
ammonium oxalate (6.61) - ammonium nitrate (5.99) and ammonium oxalate (6.57) -
potassium nitrate (6.25) pH and potassium nitrate (20.31) - ammonium nitrate (9.20) and
sodium nitrate (27.72) - ammonium nitrate (18.04) protein yield for pineapple and banana
extracts respectively after 5 - 7 days incubation period. Banana extract protein yield
increase significantly at p (<0.05) than pineapple extract. There was no significant
differences detected in the biomass content of both banana and pineapple extracts. The
present findings revealed that both banana and pineapple waste could be used as effective
alternative carbon and energy source for SCP production but banana offers a better option.
Thus, the potential of Trichoderma viride to consume the substrates.
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INTRODUCTION

The growing shortage of protein and
other protein rich food supplies has
stimulated the effort in searching new
and alternate source of protein rich food
and feed [1]. For this reason, in 1996,
sources mainly yeast, fungi, bacteria and
algae named single cell protein (SCP) as
coined to describe the protein production

from biomass, originating from different
microbial sources [2]. Single cell protein
(SCP) represents microbial cells (primary)
grown in mass culture and harvested for
use as protein sources in foods or animal
feeds [3]. The protein obtained from
microorganisms such as algae, fungi,
yeast and bacteria is cheap and competes
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well with other sources of protein and
may provide good nutritive value
depending, however, on the amino acid
composition [4]. The single cell protein
(SCP) is a dehydrated cell consisting of
mixture of proteins, lipids, carbohydrates,
nucleic acids, inorganic compounds and a
variety of other non- protein nitrogenous
compounds such as vitamins [5].

Microbial biomass has been considered an
alternative to conventional sources of
food or feed. Large-scale processes for
SCP production show interesting features,
including: the wide variety of
methodologies, raw  materials and
microorganisms that can be used for this
purpose; high efficiency in substrate
conversion; high productivity, derived
from the fast growth rate of
microorganisms and independence of
seasonal factors [6] [7].

Initially, yeast was used for human food,
but then research has been directed
towards using it as a protein supplement
in animal feeds due to acute shortage of
both soybean and fish meal in many
countries [8]; [9] [10].

Various microorganisms used for the
production of SCP are bacteria
(Cellulomonas, Alcaligenes, etc.), algae
(Spirulina, Chlorella, etc.), molds
(Trichoderma, Fusarium, Rhizopus, etc.)
and yeast (Candida, Saccharomyces, e.t.c.)
[11]. Many fungal species are used as
protein-rich food. Single cell protein from
mixed cultures of Trichoderma reessei and
Kluyveromyces marxianus are reported to
contain essential amino acid which
compares favourably with FAO guidelines
and soya bean meal. They can also
provide the B-complex vitamins as well as
low level of nucleic acid content. [12];
[13].

Microorganisms can utilize a variety of
substrates like agricultural wastes and
effluents, industrial wastes, natural gas
like methane, etc. so also help in
decomposing pollutants [14]. Agricultural
wastes are useful substrates for
production of microbial protein, but must
meet the following criteria: it should be
non-toxic, abundant, totally regenerable,

non- exotic, cheap and able to support
rapid growth and multiplication of the
organisms resulting in high quality
biomass [15]. Several studies have been
conducted using agricultural waste as a
substrate including mango kernel meal
[16], Hyacinth bean (Lablab purpureus)
[17], Leaf meal (Ipomeoea asarifolia) [18],
Breadfruit (Treculia africana) hulls [19],
Papaya (Carica papaya L.) [20], Rice bran
[21], Pineapple waste [22] and Banana
waste peel [23]. The use of such a cheap
and readily available substrate is
desirable to lower the cost of production,
reduce waste disposal and management
problems, conserve natural resources and
provide feed for live stock purpose [24].
Banana (Musa spp. AAA or ABB group) are
one of the world’s most important food
crops [25]. Bananas (Musa spp.) fruit peel
is an organic waste that is highly rich in
carbohydrate content and other basic
nutrients that could support microbial
growth [26]. In Nigeria, it is an important
staple crop as well as a source of income
for subsistence farmers with large-scale
production in traditional humid and sub-
humid rain forest areas of Nigeria [27].
Pineapple (Ananas comosus), is an
important fruit crop leading member of
the family Bromeliaceae comprises about
2,000 species mostly epiphytic and many
strikingly ornamental and varies from
nearly white to yellow in color [28]. It is a
herbaceous perennial plant which grows
from 1.0 to 1.5 m tall with 30 or more
trough-shaped and pointed leaves, 30 cm
long, surrounding a thick stem. It is a
multiple fruit, forming what appears to be
a single fleshy fruit [29]. Until recently,
about 80% of pineapple produced in
Nigeria came from small scale farms
managed under mixed cropping systems
and current production figures shows that
Nigeria is the 6™ largest producer of
pineapple in the world [30]; [31]. The skin
waste was found to contain both
carbohydrate and protein nutrients that
are suitable and favourable for the growth
of microorganisms, [32].
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Objectives

e To analyze or determine the
chemical composition of the
extract.

e To establish the fermentation and
bioconversion of the pineapple
and banana substrates into single

cell protein (SCP) using carbon and
nitrogen sources by Trichoderma
viride.

e To compare the effects of various
carbon and nitrogen sources on
the growth and protein yield of
Trichoderma viride.

MATERIALS AND METHODS

Collection of Soil Samples
The soil samples, containing decaying
woods were collected top 2-5cm depth of
soil from different corners of Anambra
State University, Uli and adjoining areas.
Soil samples were mixed together, put in
a properly labeled sterilized polyethene
bag and taken to the laboratory for
microbial analysis [33].
Isolation and Identification of
Microorganism
One gram of the soil sample was added to
100ml of sterilized distilled water. This
suspension was then subjected to serial
dilutions and a dilution of 10° was
attained. One millilitre of each dilution
viz., 102 to 10* was poured onto Saboraud
Dextrose Agar (SDA) and incubated at
room temperature (28 + 2°C) for 4-5 days.
The microbial growth was identified on
the basis of their morphological
characters. Cultural characteristics
comprising growth rate, colour and
colony appearance were examined. The
microscopic examination of the shape,
arrangement and  development  of
conidiophores or phialides, and conidia
were made from slide preparations
stained with lactophenol-cotton blue.
Microbial growth observed was compared
with reference materials of [34]; [35] [36].
The purified and identified cultures of
Trichoderma viride were maintained on
Saboraud Dextrose Agar (SDA) agar slants
and stored at 4°C for further use. The sub-
culturing was done once in every forth
night to ensure proper growth [37].
Inoculum Development
A spore suspension was prepared by
adding sterile distilled water to stock
culture to get 80 x10° spores/ml [38].
Preparation of Banana and Pineapple
Peels Extracts
500g ripe banana and pineapple fruits
were obtained from Coca-cola market,

Onitsha, Anambra Nigeria. The fruits were
washed with several changes of sterile
water and peeled off. The peels were
cleaned initially with 2%solution of H SO,,
cut into small pieces, rinsed in sterile
water and pulverized into slurry using a
sterilized electric blender. The extracts
were obtained from slurry filtered with
the help of sterilized sieve. The extracts
were placed into a sterile container and
proximate composition was determined
[39].

Determination of Carbohydrate Content
5ml of the sample was added into a
beaker, this was followed by the addition
of 15ml perchloric acid. It was stirred
continuously for 30 minutes and the
mixture was filtered using Whatman No. 1
filter paper. 2ml of the filtrate was mixed
with 8ml of Anthrone reagent in a test
tube and the absorbance of the mixture
was measured using spectrophotometer at
wavelength of 620nm. The total soluble
CHO was estimated using the standard
curve of glucose [39].

Determination of Protein Content
0.9ml of the sample was mixed with 2.7ml
of Biuret reagent in a test tube and the
mixture was shaken thoroughly and
allowed for 5 minutes. The absorbance
was determined at wavelength of 540nm
against a blank containing Biuret reagent
and distilled water but no protein [40].

Determination of Moisture Content
The weight of the dish (W ) was taken and
then the sample was added and the total
weight was taken (W). The dish and the
content was placed in an oven and dried
for 4 hours at 125°C and the weight (W)
was taken. The weight lost was
determined by measuring the difference
in the initial weight (W)) and final weight
after oven drying (W,).
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Moisture content (%)

= W _-W, X 100
W, W, 1

Determination of Crude Fibre
A given quantity of moisture and fat free
sample was treated with 20ml of 1.25%
H SO,. This was filtered using Whatman
No. 1 filter paper. After filtration and
washing, the residue was treated with
1.25% NaOH. Then washed with hot
distilled water and diluted with 1% HNO,,
filtered and washed with hot distilled
water again. The residue was ignited and
the weight was taken as the fibre content
of the sample [41].

Determination of Ash Content
According to [42], a given quantity of the
sample was added into a clean dried dish
of weight (W) and the weight of the dish
and its content was taken (W,). The dish
and its content was placed in an oven and
heated until it completely charred. Then it
was further heated for 5 hours at 600°C.
Then the weight of the dish plus the
content was re-weighed (W,).

Weight of ash =W_-W..
Percentage of Ash
= W -W X 100
W, -W, 1
Determination of Crude Fat
A given quantity of the sample was
weighed into a heat stable conical flask
and heated at 125°C for 4 hours. The fat
content was extracted wusing solvent
extraction method. The heated sample
was saturated with acetone, filtered to
obtain the filtrate. Then, the filtrate was
evaporated to obtain the residue. The
residue was dissolved in ethanol and
subjected to evaporation to obtain the fat
[43]; [44].

Effect of Carbon and Nitrogen
From the banana and pineapple extracts,
100ml each was measured into sterile 250
ml conical flasks. To each different

carbon sources were added i.e. sucrose,
glucose, fructose, lactose, starch,
mannose, maltose, cellulose and galactose
at 3 g/100ml only, sodium nitrate at
0.2g/100ml was used as nitrogen source.
Similarly, for studying nitrogen sources

i.e. sodium nitrate, potassium nitrate,
ammonium nitrate, sodium nitrite,
ammonium sulphate and ammonium

oxalate at 0.2 g/100ml only, sucrose at
3g/100 ml was used as carbon source
supplement. The pH of the medium was
adjusted to 6.5 with 0.1M NaOH. The
conical flasks were plugged with sterile
cotton wool and aluminium foil and
autoclaved at 121°C for 15 min. On
cooling, the media in the flasks were
inoculated with 1ml of inoculum (80 x 10°
spores/ml). The flasks were incubated at
room temperature (28 + 2°C) for 5-7 days.
The culture broth was separated from
mycelium after incubation period by
filtration through Whatman No. 1 filter
paper [45].
Determination of Final Ph Value
The filtrates of each extracts were poured
into beaker after calibration with standard
buffer solution. The final pH value of the
culture broth was determined using pH
meter [46].
Determination of Mycelial Biomass
At the end of incubation, the mycelial
biomass was recorded after filtering the
mycelial mats on Whatman No 1 filter
paper and dried at 60°C for 24 h in a hot
air oven.
Determination of Protein
0.9ml of the sample was mixed with
2.7ml of Biuret reagent in a test tube and
the mixture were shaken thoroughly and
allowed for 5 minutes. The absorbance
was determined at wavelength of 540nm
against a blank containing Biuret reagent
and distilled water but no protein [47].

RESULTS ANALYSIS

The results were expressed as mean =+
standard deviation (mean * s. d.) of three
different replicates. Statistical analysis
was performed on data generated from
the study using microsoft excel and SPSS
soft ware. One way analysis of variance
(ANOVA) and “T test” analysis were used

10

to compare differences in mean results of
the different sample groups

Results
Test organism
The cultural and morphological

characteristics of the Trichoderma viride
isolated are shown on table 1.
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Proximate Analysis

Table 2 shows the results of the chemical
analysis of pineapple waste crude extract

Table 3\4 shows the results of the
chemical analysis of banana waste crude
extract

Effects Of Carbon And Nitrogen Sources

On Growth And Protein Yield

The results of the effect of different
carbon sources on the mycelial dry mass,
sporulation, pH and protein vyield of
Trichoderma viride of pineapple and
banana extracts. The highest and the
lowest protein yield of both extracts were
observed in the media supplemented with
fructose (18.35%) and glucose (9.57%) for
pineapple extract and saccharose (30.96%)

and sucrose (13.20%) for banana extract
respectively. Sporulation, pH and biomass
yield were also maximum in maltose
(3.620) and cellulose (7.08 and 3.28) for
pineapple extracts, while that of banana
extract were saccharose (7.590) and
cellulose (7.24 and 3.05). Poor growth and
biomass yield were observed in media
supplemented with mannose (0.275) and
glucose (6.18 and 0.45) for pineapple
extract and maltose (0.918 and 6.20) and
fructose (0.44) for banana extract.

The results of the effect of different
nitrogen sources on the mycelial dry
mass, sporulation, pH and protein yield of
Trichoderma viride of pineapple and
banana extracts are shown in Figure 5 and
6 respectively.

Table 1. Cultural and morphological characteristics of Trichoderma viride

Onochie et a/

Colonial morphology

Microscopy

Fast growing mycelium forming compact
cluster or more effuse, light green conidia
over the entire medium. A single
concentric ring was found around the
point of inoculum.

The conidia of T. viride were globose to
ellipsoidal and bluish-green colour.
Phialides of T. viride are short flask shaped
arranged in divergent groups of 2-
4. The whole

conidiophores system are usually not
extensively branched

Table 2: Proximate chemical composition of pineapple extract

Ingredients Percent (%)/ mg/1

Pineapple Banana
Carbohydrate 40.12 = 0.02 48.16+ 0.01
Proteins 7.43 £0.01 9.04+ 0.02
Fats 5.04 + 0.02 6.61+ 0.03
Moisture 32.14 £ 0.03 21.26 + 0.02
Ash 5.84 £ 0.01 6.15+ 0.02
Fibre 6.72 £ 0.01 7.68+ 0.02
Nutritional value (J) 235.56 + 0.01 288.29+0.01
Total suspended solids 188.50+ 0.02 296.25+0.03
Calcium 208.46 £ 0.02 1,045.1+0.01
Sodium 20.05+ 0.02 21.20+ 0.00
Magnesium 28.17+ 0.01 28.74+ 0.02
pH 5.71 7.23
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Table 3: Effect of various carbon supplements on growth and protein yield of

Trichoderma viride on pineapple extract

Carbon sources  Mycelial dry wt. (g) Absorbance pH Total protein
(550nm) (%)

Fructose 0.64 + 0.63 0.530 £ 0.53 6.32 + 6.32 18.35 = 18.35
Glucose 0.45 + 0.45 1.708 £ 1.71 6.18 +6.18 9.57 +9.57

Mannose 0.64 + 0.64 0.275 £ 0.28 6.21 + 6.21 11.46 £ 11.46
Lactose 1.04 £ 1.04 1.317 £ 1.32 6.83 + 6.83 16.31 = 16.31
Sucrose 0.52 + 0.52 0.918 £ 0.91 6.39 + 6.39 12.05 £ 12.05
Cellulose 3.28 + 3.28 1.247 + 1.25 7.08 +7.08 10.30 + 10.30
Saccharose 1.02 + 1.02 0.596 + 0.60 6.33 = 6.33 15.33 + 15.33
Maltose 1.50 + 1.51 3.620 = 3.62 6.42 + 6.42 12.22 £+ 12.22
Galactose 1.24 + 1.23 0.550 £ 0.55 6.98 + 6.98 12.11 £ 12.11

Table 4: Effect of various carbon supplements on growth and protein yield of

Trichoderma viride on banana extract

Carbon sources  Mycelial dry w.t.  Absorbance pH Total protein (%)
(g) (550nm)
Fructose 0.44 + 0.44 1.118 £ 1.12 6.50 £ 6.17 29.76 + 29.79
Glucose 1.84 + 1.84 1.076 £ 1.08 6.78 £ 6.78 18.88 + 18.88
Mannose 0.87 = 0.87 1.483 £ 1.48 6.38 = 6.39 19.14 + 19.14
Lactose 0.63 = 0.63 1.113 £ 1.11 6.50 = 6.51 18.01 + 18.01
Sucrose 0.94 + 0.94 0.985 + 1.33 6.53 £ 6.53 13.20 + 13.20
Cellulose 3.05 + 3.05 1.047 £ 1.04 7.24 £7.24 21.28 + 21.28
Saccharose 0.72 £ 0.72 7.590 = 7.60 6.68 + 6.69 30.96 + 30.96
Maltose 1.64 + 1.04 0.918 £ 0.92 6.20 + 6.20 22.55 £ 22.54
Galactose 0.81 £0.81 1.276 = 1.28 7.09 = 7.09 17.07 £ 17.07
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Figure 1: Effect of various nitrogen supplements on growth and protein yield of
Trichoderma viride on pineapple extract
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Figure 2: Effect of various nitrogen supplements on growth and protein yield of
Trichoderma viride on banana extract
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DISCUSSION

Banana and pineapple crude extracts
contain variable ingredients with major
amount of carbohydrates, small amount
of protein, lipid and ash (Table 2). The
results of banana extract increased
significantly at p (<0.05) than the
pineapple crude extract. The differences
in these results could be attributed to the
different types of carbon sources with
sacchrose being the most favourable for
the growth of the microorganism and
production of mycelial biomass. The
result agreed with the observation of [48]
[49] that pineapple and banana crude
extracts contain variable ingredients and
may be used as carbon and energy
sources for the growth of fungi in the
production of single cell protein. The
carbohydrate and protein content of
banana peels are an indication that the
waste could serve as a possible
alternative substrate for cultivation of
fungi [4].

From the results, there were indications
that Trichoderma viride had variabilities
in the consumption of the different
carbon sources of both extracts (Tables
10 and 11). The highest and the lowest
protein yield of both extracts were
observed. highest growth and protein
yield increased significantly at p (<0.05)
than pineapple extract but the biomass
yield were not significant. These
differences could be attributed to the
variable nutritional values which could
serve as sources of nutrients for the
growth of the mould in the production of
single cell protein. These findings were in
agreement with the observation of [15]
that there was a higher growth in banana

peels substrate due to the presence of
proteins, minerals, vitamins and other
soluble carbohydrates which served as
source of nutrients.

The media supplemented with potassium
nitrate gave the highest protein of 20.31%
followed by ammonium oxalate (13.45%)
for pineapple extract while sodium nitrite
gave the highest protein of 27.72%
followed by ammonium oxalate with
23.75% for banana extract (Fig. 5 and 6).
In the same vein, sporulation, pH and
biomass yield were also maximum in
ammonium oxalate (1.288 and 6.61) and
potassium nitrate (1.13) for pineapple
extract while that of banana extract were
ammonium oxalate (2.643 and 6.57) and
sodium nitrite (1.04) respectively. Poor
growth and protein yield were observed
with media supplemented with
ammonium oxalate (0.62), sodium nitrite
(0.200) and ammonium nitrate (5.99 and
9.20) for pineapple extract while banana
extract have potassium nitrate (0.71) and
(6.25), ammonium sulphate (0.155), and
ammonium nitrate (18.04). Statistical
significant difference at p (<0.05) were
detected in the highest growth and
protein vyield of banana extract than
pineapple extract but the biomass yield
were not significant. These differences
could be as a result of nitrogenous
sources which tend to supplement the
nutritional status of the extracts and
support the growth of Trichoderma viride.
These findings were in agreement with
the report of [38], that the addition of
nutrient supplements provided available
nitrogen source for the organism thereby
enhancing its growth.

CONCLUSION AND RECOMMENDATION

On the whole, the bioconversion effect of
pineapple and banana waste into single
cell protein was evaluated using
Trichoderma viride. The supplementation
of their extracts with different carbon and
nitrogen sources increased significantly
the growth and protein vyield of
Trichoderma viride. The highest biomass
content of banana extract media was
recorded with cellulose as the carbon
source and sodium nitrite as the

14

source while that of
extract was recorded with
cellulose as the carbon source and
potassium nitrate as nitrogenous
sourbvvce. The highest protein content of
banana extract media was recorded with
saccharose as the carbon source and
sodium nitrite as the nitrogenous source,
while that of pineapple extract was
recorded with fructose as the carbon
source and potassium nitrate as the

nitrogenous
pineapple

Onochie et a/
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nitrogen source of single cell protein
production.

Comparatively, banana extract protein
yield increased significantly at p (<0.05)
than pineapple extract. There was no
significant differences detected in the
biomass content of both banana and
pineapple extracts. The present findings
revealed that both banana and pineapple
waste could be wused as effective
alternative carbon and energy source for
SCP production but banana offered a

better option. Moreso, the potential of
Trichoderma viride to consume the
substrates could be exploited for effective
waste management.

It was recommended that the study on
single cell protein production by
Trichoderma viride using pineapple and
banana wastes should be conducted on
large scale. Extensive toxicological and
acceptability tests should be performed
before the product is approved for large
scale consumption.

REFERENCES

1. Adoki, A. (2008). Factors affecting
yeast growth and protein yield
production from orange, plantain
and banana wastes processing
residue using Candida sp. African
Journal. Biotechnology. 7 (3) : 290-
295

2. Alvarez, R. and Enriquez, A. (1998).
Nucleic acid reduction in yeast.
Applied Microbiology.
Biotechnology,29:208-210.

3. Anupama , P. (2000). Protein value
added food: Single cell production
of single cell protein Biotecnol.
Advances. 18: 459-479.

4. Asenjo, J.A. and Dunnill, P. (2001).
The isolation of lytic enzymes
from Cytophaga sp. and their
application to the rupture of yeast
cells. Biotechnology. Bioenergetics.
23:1045-1056.

5. Association of Official Analytical
Chemists (1999). Official Methods
of Analysis. 16™ ed. Gaithersburg,
Maryland,USA.

6. Baldwin, C.V. and Robinson, C.W.
(1994). Enhanced disruption of
Candida utilis using enzimatic
pretreatment and high pressure
homogenization. Biotechnology
Bioenergetics.. 43: 46-56.

7. Baiyeri, K.P. and Ajayi, A.R. (2000).
Status and constraints of Musa
spp. production in a sub-humid
zone of Nigeria. Acta Horiculturae.

540:73-77.

8. Becker, E.W., (1994). Microalgae:
Biotechnology and Microbiology.
Cambridge University Press,

Cambridge, UK.

15

9. Becker, E.W. (2007). Micro-algae as
a source of protein. Biotechnology
Advanced, 25: 207-210.

10. Benaiges, M.D., J. Lopez-Santin and
C. Sola, C. (1989). Partial
purification of 5-

phosphodiesterase activity from
barley rootlets. Enzyme Microbial.
Technology. 11: 444-451.

Bhalla, T.C., Sharma, N.N. and
Sharma, M. (2007). Production of
metabolites, industrial enzymes,
amino acid, organic acids,
antibiotics, vitamins and single
cell proteins. Biotechnology,
38:102-114.

Bowen, B. A. and Starper, S.H.T.
(1989). Fungal population wheat
straw decomposing in Arable soils
Mycological Research. 93(1): 421 -
541.

Callihan, C.D. and Clemmer, J.E.
(2000). Biomass from Cellulosic
Materials. In: Microbial Biomass-
economic Microbiology, Rose, A.H.
(Ed.). Academic Press, London, Pp:
271-273.

Chen, S. L. and Chinger, M. (1985).
Production of Baker’s Yeast.
In:Comprehensive Biotechnology
(H. W. Blanch, S. Drew and D. I. C.
Wang Eds.) Pergamon, Oxford. 3;

11.

12.

13.

14.

429.
15. Cooney, C.L., (1986). Continuous
Culture: A Tool for Research,

Development and Production. In:
Perspectives in Biotechnology and
Applied Microbiology, Alanl, D.I.
and M. Moo-Young (Eds.). Elsevier

Onochie et a/



www.idosr.org

16.

17.

18.

19.

20.

21.

22.

23.

Applied Science, London. Pp: 271-
276.

Daghir, N.J. and Abdul Baki, T.K.
(1977). Yeast protein pretreated
rice husk along with other acid
pretreated in broiler ratios. Poultry
Science. 56: 836-841.

Damodaran, S.and Kinsella, J.E.
(1995). The use of chaotropic salts
for separation of ribonucleic acids
and proteins from vyeast nucleo-
proteins. Biotechnology
Bioenergetics. 25: 761-770.
Dhanasekaran, D., Lawanya, S.
Saha, S., Thajuddin, N. and
Panneerselvam, A. (2011).
Production of single cell protein
from pineapple waste using yeast.

Innovative Romanian Food
Biotechnology,8:26-32.
Diarra, S.S. and Usman, B.A.

(2008). Growth performance and
some blood variables of broiler
chickens fed Raw or Boiled Mango
Kennel Meal International Journal
of Poultry Science. 7(4): 315-318.
Ferrianti, M.P. and Fiechte, A.
(1983). Production and feeding of
single cell protein. APPLIED Science
Publications, London. P: 201.

Ferris, R.S.B., Oritz, R., Chukwu, U.,
Akalumhe, Y.O., Akele, S., Ubi, A.
and Vuylsteke, D. (1997). The
introduction and market potential
of exotic black sigatoka resistant
cooking banana cultivars in West
Africa.  Quarterly Journal of
International Agriculture 36:141-
152.

Food and Agriculture Organisation
/World Bank (1999). Production
statistics on Pineapple data. An
analysis case study of Pineapple
FAO, May 1999. Food and
Agriculture Organisation of the
United Nations, Rome.
Forage, A.]J. and Righelato,
(1979). Biomass
carbohydrates. In:
biomass-economic microbiology,
A.H. (Ed.). Academic Press, New
York. Pp: 289-292.

R.C.
from
Microbial

16

24.

25.

26.

27.

28.

29.

Frazier, W.C. and Westhoff, D.C.
(1990). Food microbiology. Tata
McGraw Hill Publishing Company
Limited, New Delhi. Pp.398-415.
Gellissen, G. (2000). Heterologous
protein production in
methylotrophic yeasts. Applied
Microbiology Biotechnology. 54:
741-754.

Ghanem, K.M. (1992). Single cell
protein production from beet-pulp
by mixed culture. Microbiologia.
8(1): 39-43.

Grewal, H., Kalra, M. and Kahlom,
S. (1990). Functional properties of
phosphorylated yeast protein:
Solubility, water-holding capacity
and viscosity. J. Agric. Food Chem.,
344: 670-674.

Hedenskog, G. and Morgen, H.

(1973). Some methods for
processing of single cell protein.
Journal Biotechnology and
Bioengineering. 15: 129-142.

Huang, Y.T. and Kinsella, ]J.E.
(1986). Functional properties of
phosphorylated yeast protein:

Solubility, water-holding capacity
and viscosity. Journal of
Agricultural Food Chemistry. 344:
670-674.

30.1dise, O. E. (2012). Studies of wine

31.

32.

33.

produced from pineapple (Ananas
comosus) International Journal for
Biotechnology and Molecular
Biology Research. 3(1): 1-7

Ismaila, Y., Denban, M. K,
Emmanuel, K. and Augustine, C.
(2011). Nutritional and
phytochemcial screening of Senna
obtusifolia indigenous to Mubi,
Nigeria Advances in Applied Science
and Research. 2: 432 - 437.
Karapinar, M. and Okuyaan, M.
(1982). The Isolation and Effect of
lytic enzymes on yeast cells.
Chemical Microbiological
Technology Lebensraun, 7: 135.
Kawther, F.A. (2007). Antimicrobial
activity of essential oils of some
medicinal plants from Saudi
Arabia. Saudi Journal of Biological
Science. 14: 53-60.

Onochie et a/



www.idosr.org

34.

35.

36.

37.

38.

39.

40.

41

Khan, Y. M. and Dahot, M. U.
(2010). Effect of various
agriculture wastes and pure sugars
on the production of single cell
protein by Penicillium Expansum.
World Applied Sciences (Special
Issue of Biotechnology & Genetic
Engineering). 8: 80-84.

Kim, J.K. and Chung, H.Y. (2001).
Preservation of manipulated yeast
diet. Aquaculture International. 9:
171-181.

Kim, J.K., Tak, K.T. and Moon, J.H.
(1998). A continuous fermentation
of Kluyveromyces fragilis for the
production of a highly nutritious

protein diet. Aquaculture
Engineering. 18: 41-49.

Kunhi, A.A.M. and Rao, M.R.R.
(1995). The utility of a fungal
ribonuclease for reducing the
nucleic acid content of
permeabilized vyeast cells. Food
Biotechnology. 9: 13-28.

Miller, B.M. and Litsky, W. (1976).
Single Cell Protein in Industrial
Microbiology. McGrow-Hill Book
Co., New York.

Mishral, B.K. , Mishral, R.K,,
Mishral, R.C., Tiwaril, A. K. ,
Yadav, R.S. and Anupam, D.
(2011). Biocontrol efficacy of

Trichoderma viride isolates against
fungal plant pathogens causing
disease in Vigna vradiata L.
Archives  of Applied  Science
Research. 3 (2):361-369.

Ojokoh, A.0. and Uzeh, R.E.
(2005). Production of
Saccharomyces cerevisiae biomass
in papaya extract medium. African
Journal Biotechnology. 4(11): 1281-
1284.

. Parajo, J.C., Santos, V., Domnguez,

H. and Vazquez, M. (1995). NH OH-
based pretreatment for improving
the nutritional quality of single
cell protein. Applied Biochemistry
and Biotechnology. 55: 133-149.

17

42.

43.

44.

45.

46.

47.

48.

49.

Onochie et a/

Rasha, M .S. and Abdel Ati, K. A.
(2007). Effect of dietary hyacinth
bean (Lablabpurpureus) on broiler
chicks performance. Reearch
Journal of Agricultural Biological
Science. 3(5): 494-497.

Rasoul-Amini, S., Ghasemi, Y.,
Morowvat, M.H. and
Mohagheghzadeh, A. (2009). PCR

amplification of 18S rRNA, single
cell protein production and fatty
acid evaluation of some naturally
isolated microalgae. Food
Chemistry. 116: 129-136.

Sadhu, M.K. and Chattopadhy, P.K.
(2001). Introduction to fruit crops.
Naya Prakash Publication, Calcutta,
P.252.

Sanker, R. V., Kumar, K. V.
Shailaja, R., Saritha, K. and Naidu,
V. N. (2011). Single cell protein
production by Trichoderma viride
using waste banana peel.
International Journal of
Microbiology Research. 2(1): 78-81
Stanbury, P.F., Whitaker, A. and
Hall, S.J. (2000). Principles of
Fermentation Technology. 2nd
Edn., Elsevier Applied Science
Publishers, New York, USA.
Steinkraus, K.H. (1986). Microbial
Biomass Protein Grown on Edible
Substrates: The Indigenous
Fermented Foods. In: Microbial
Biomass Protein, Moo-Young, M.
and K.F. Gregory (Eds.). Elsevier
Applied Science, London. Pp: 35-
45,

Trinci, A.P.J. (1992). Myco-protein:
A twenty-year overnight success
story. Mycol. Res., 96: 1-13.
Zadrazil, F. and Puniya A.K. (1995).
Studies on effect of particle size
on solid state fermentation of
sugar cane bagasse into animal
feed wusing white rot fungi.
Bioresource Technology. 54:85



