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Micro-Satellite DNA Markers Associated with Resistance to
Trembling Disease in Chinese Mitten Crab (£riocheir sinensis)

By Ali Sserwadda, Tian-Hao Dai, Yuan-Chao Ma, Yacheng Hu
& Huai-Shun Shen

Abstract- A total of 48 individuals of the Chinese mitten crab (Eriocheir sinensis) were used to
study the association between micro-satellite DNA markers and their resistance to the trembling
disease. The crabs used in this study were collected from an aquatic breeding farm in Yandu
District, Yancheng city, Jiangsu Province in China. Twenty four of the crabs were collected from a
pond heavily infested with trembling disease and these manifested clear signs of the disease
while the remaining 24 crabs were collected from a pond free of the disease and these were all
healthy. The Shannon Diversity Index was used to analyze the association of the individual
marker alleles with resistance to the trembling disease. The results showed that the mean
number of alleles (Na), the mean number of effective alleles (Ne), mean observed heterozygosity
(Ho), mean expected heterozygosity (He), mean polymorphic information content (PIC) and
mean Shannon index (/)in the individual populations were 4.2, 3.2, 0.6628, 0.6466,0.6221 and
1.2, respectively.

Keywords: micro-satellite markers, Eriocheir sinensis (chinese mitten crab), trembling disease.
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Micro-Satellite DNA Markers Associated with
Resistance to Trembling Disease in Chinese
Mitten Crab (Eriocheir sinensis)

Ali Sserwadda ®, Tian-Hao Dai °, Yuanchao Ma °, Yacheng Hu © & Huai Shun Shen *

Abstract- A total of 48 individuals of the Chinese mitten crab
(Eriocheir sinensis) were used to study the association between
micro-satellite DNA markers and their resistance to the
trembling disease. The crabs used in this study were collected
from an aquatic breeding farm in Yandu District, Yancheng
city, Jiangsu Province in China. Twenty four of the crabs were
collected from a pond heavily infested with trembling disease
and these manifested clear signs of the disease while the
remaining 24 crabs were collected from a pond free of the
disease and these were all healthy. The Shannon Diversity
Index was used to analyze the association of the individual
marker alleles with resistance to the trembling disease. The
results showed that the mean number of alleles (M), the
mean number of effective alleles (M), mean observed
heterozygosity (Hb), mean expected heterozygosity (F€),
mean polymorphic information content (P/C) and mean
Shannon index (Jin the individual populations were 4.2, 3.2,
0.6628, 0.6466,0.6221 and 1.2, respectively. Association
analysis suggested that micro-satellite loci of 57, 62 and 254
were significantly associated with the sick population
(P<0.05); micro-satellite loci of 57, 45, 358 and 977 were
significantly associated with the healthy population (P<0.05).
The micro-satellite loci that showed significant differences
were tested for the associations between their genotypes and
sick traits through multiple comparisons. The observed
genotypes for sick individuals were AC (290/308) at loci of 57,
BB (400/400) at loci of 62 and BB (340/340) at loci of 254. The
favorable genotypes for healthy individuals were AD (290/314)
at loci of 57, AA (290/290) at loci of 57, BB (390/390) at loci of
45, BC (315/321) at loci of 358 and BB (393/393) at loci of 977.
This study will provide the theoretical basis for molecular
marker-assisted breeding in Eriocheir sinensis in future.
Keywords: micro-satellite markers, Eriocheir sinensis
(chinese mitten crab), trembling disease.
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I. [NTRODUCTION

he aquaculture industry world enjoys an
Texoeptionally profitable market in the whole world
and deals with various valuable marine and fresh
water vertebrate and invertebrate species (Chakrabarty
2015). In China, the Chinese mitten crab
(Eriocheir sinensis)  is ranked as one of the most
economically important aquaculture species which is
mainly attributed to its taste and nutritious value (Zhang
2013). The native range of the Chinese crab extends
from the coastal estuaries of Korea in the North to the
Fujian province of China to the south (Li 2016). Despite
its wide distribution in the Northeast and South of China,
the population of the Chinese crabs in the Yangtze River
has the best reputation which is attributed to its big size
and specific taste (Chang 2008). The wild populations of
E. sinensis have however experienced a dramatic
decline in the past decades which has been attributed
to over fishing and water pollution (Li 2006). According
to a study by (Chang 2006), the populations of the
Chinese crabs particularly in the Yangtze River have
diminished for several years and this has been attributed
to dam construction, overfishing, and water pollution. In
the same river, a study conducted by (Tang
2000)indicated that the number of crab fry has
decreased significantly from 70tons in the 1960’s to less
than 10tons in 1980 and to less than 0.2tons in 1998.
The basic production technology of mitten crab
populations has had a long history in China, with the
conventional selective breeding programmes based on
phenotypic assessment. Presently, attributed to the
declining stocks in the natural water bodies such as the
Yangtze River, the vyield of E. sinensisis almost
completely an attribute of artificial breeding (Li 2016).
According to (Zhang 2004), culture of the Chinese crabs
has increased rapidly mainly in the inland provinces of
China. With the intensification of culture systems
however, various diseases have emerged and these
have gravely affected the production of E. sinensis. Of
the various diseases attacking populations of E. sinensis
under culture conditions, the “trembling disease” (TD)
has caused serious economic losses since 1996. This
“trembling disease” has been reported in the main
culture provinces of Jiangsu, Zhejiang, Anhui and
Shanghai (Zhang 2004). Crabs with TD exhibit signs like;

© 2017 Global Journals Inc. (US)
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trembling of legs, sluggishness, and loss of appetite
(Zhang 2004, Shen 2015).

According to (Wang 2006), TD of E. sinensis
was first reported in culture ponds in Jiangsu province,
China in 1994. Before then, a number of different virus-
like particles had been observed in E.sinensis since
1996 (Jiang 1996, Lu 1999, Gong 2000, Zhang 2002).
Studies conducted by Lu et al. (2009), (Gong 2000)and
(Zhang 2002)proved that some of the viruses are
pathogenic to E. sinensis. However, none of these
studies have definitely confirmed the etiological agent of
TD, although a rickettsia-like organism was reported to
be the causative agent of TD by (Wang 2002)and (Chen
2011).

A double-stranded RNA virus that has 9 to 12
linear genome segments has been reported to having
been found in many host species, including vertebrate
and invertebrate animals and plants (Attoui 2005, Attoui
2006, MohdJaafar 2008, Chen 2011). A recent study by
(Shen 2015)came up with the near-full length genome
sequence of the novel reovirus from the Chinese mitten
crab. Till lately, only one full-length genome sequence of
a crab-originating reovirus (Scylla serrata reovirus SZ-
2007 [SsRV]) has been sequenced (Chen 2011, Chen,
Xiong et al. 2012, Deng, Lu et al. 2012). Using a deep-
sequencing approach of a novel reovirus obtained from
Chinese mitten crabs displaying signs of TD, a study by
(Shen 2015) reported the near-full-length genome
sequence of the novel reovirus from the Chinese mitten
crab.

The “trembling disease” has been reported to
cause severe economic losses in recent years, as the
mortality of crabs with TD reaches up to 70% (Chen
2011). A number of breeding programmes have been
conducted on the Chinese mitten crab in order to come
up with a line that is resistant to diseases such as the
trembling disease. It is well known that some resistant
phenomena always lie in the repository of nature itself
(Chakrabarty 2015). According to the law of nature,
some individuals are always favored over the other
individuals that are less fit hence nature tends to select
for them. The favored individuals have better existence
and resistance as well as preventive capability against
any kind of odds like natural and artificial disasters.
According to this law, it is more than clear that some
kind of disease resistance phenomena might be present
in the Chinese mitten crabs and some special genomic
fingerprints may be responsible for such resistance. In
this research, we examine crabs from the Yangtze River
for their resistance against TD using micro-satellite
markers.

A number of DNA fingerprinting techniques are
employed in population genetic studies, genetic
diversity analysis, classifying germplasm and selective
breeding in plants and animals for disease resistance
(Welsh 1990, Williams and 6535. 1990, Penner and
Fedak 1993, Rao, Lakshminarasu et al. 2002, McElroy,

© 2017 Global Journals Inc. (US)

Dekkers et al. 2005). Due to their preferable
characteristics such as reproducibility, co-dominant
expression type, even genomic distribution, small locus
size and polymorphism, micro-satellite markers are
vastly used. The enriched knowledge about DNA
fingerprinting can be very useful in the isolation of
resistant individuals from an economically important
species and culturing them selectively as per the
suitable genomic content (Chakrabarty 2015).

Micro-satellites or simple sequence repeats
(SSRs) are tandemly repeated units of one to six
nucleotides and have been abundant in all prokaryotic
and eukaryotic genomes that have been analyzed to
date (Weber 1990, Field and Wills 1996). Micro-satellite
markers provide a powerful tool in genome researches
due to their wide distribution, co-dominant inheritance
and high polymorphism (Li 2016). Approximately, to-
date, 83 micro-satellite markers have been developed
and applied to E. sinensisto(Hanfling 2003, Chang 20086,
Zhu 2006, Mao 2008, Gao 2010, Xiong 2012). Because
of the large diploid number of chromosomes of E.
sinensis (2n=146), much more works still need to be
undertaken so as to identify more useful micro-satellite
markers. This study is therefore intended to identify
micro-satellite DNA markers that are associated with
resistance to the trembling disease in the Chinese
mitten crab (E. sinensis).

[I.  MATERIALS AND METHODS

a) Specimens (crabs) used during the study

A total number of 48 crabs were used for
conducting the experiments of this study. The crabs
used in this study were collected from an aquatic
breeding farm in Yandu District, Yancheng city, Jiangsu
Province in China. Twenty four (24) crabs were
harvested from a pond heavily infested with the
trembling disease and all these clearly manifested the
signs of the disease. The remaining twenty four (24)
crabs were collected from a pond that was free of the
trembling disease infestation and these manifested no
sign of the disease. To confirm that the healthy crabs
were not infected by TD, they were grown in water tanks
separately under natural photoperiod and fed with a
commercial crab diet once a day for additional two
weeks.

The crabs were collected from the farm during
the month of August (autumn season in China) and then
transported to the Fresh water Fisheries Research
Center of Nanjing Agricultural University where the
experiments were carried out from.

Muscle samples from the crabs were collected
and stored in 100% ethanol at —80 °C. It is from these
muscle samples that DNA was later extracted using the
standard phenol-chloroform protocol as demonstrated
by (Sambrook 2001).



b) DNA extraction

Genomic DNA was extracted from the leg
muscles of the crabs using the phenol/chloroform
method as elaborated by (Sambrook 2001). The
genomic DNA obtained from the specimens was re-
suspended in TE buffer (10mM Tris-HCL pH7.6, 0.1mM
EDTA) forminga final concentration of 100ng/ul

c) Micro-satellite amplification and analysis

The amplifications of the collected DNA
samples were done in a 25ul reaction containing 100ng
of the DNA template, 0.8mM of the forward and reverse
primers, 2.0m|\/|l\/|gC|2’0.2mM of each dNTP and 1.0 unit

of Tag DNA polymerase.

Table 1: Primers used during PCR

Loci Primer Sequences (5’-3) Annealing temperature (°C)

locus75 F:GGCAAACAAAGAGAGAAGGGAGAC 58
R:GAAGAATTGAAAGACAGACACAAGCA

locus62 F:GAAGGTCAGTTACTTTTCCTCCCC 58
R:ACATCACACACGTCTTCTGGGTTA

locus57 F:.CTCAAGGCACCAGGACACTTATCT 58
R:CACCTCTCCTCTCTAAATCACCCA

locus4 F.-TTTCAACTTTTCTCCGGGTTGTTA 58
R:CGGTGATCCTAATTACATTCTGGG

locus1 F:AACGGAGAGTACGAGAACACCAAG 58
R:CGTACATATCACTCGCTTGGATTG

locus254 F:AAGCGCTGTACACCTCCCTTTAC 58
R:CATCTACTTCATCCTCGTCCTCGT

locus753 F:ATAACAGATGCAAGTGGAGGTGGT 58
R:TCTCCCCTCACAAGGACAAAACTA

locus977 F:GGAGAGCTTTAAGATGATGCCAAA 58
R TTGGAGGCAAGAAAGTTAGTGGAG

locus358 FTTTGTGTGGTTTCTCGTTTGAAGA 58
R:ATTCACATTTTTCCTTTCGTCAGC

locus45 F.GGGAGTGTTATTTAAATCCTCGTCG 58

R:AAACACCAACACAGCATTCCTTCT

F: forward primer; R: reverse primer. The annealing temperature for all the primers was set at 50degrees.

Amplifications  of

the micro-satellites were

carried out in PCR machine with the following protocol;
three minutes (3) at 94°C, 35 cycles of 30seconds at 94
°C, 30seconds at annealing temperature and 30
seconds at 72°C, 72°C for seven minutes and a final
extension at 10°C for 10 minutes. These PCR reactions
were performed in triplicates for each DNA sample. The
products obtained from the PCR experiments were then
denatured and visualized on an eight percent (8%)
denaturing polyacrylamide gel (PAGE). In order to
visualize the bands, silver staining was then employed.
The results obtaining from the silver staining process

were the collected using a scanner after the gel had
dried and analyzed using POPGENE.

d) Statistical analysis

At each locus, the number of alleles (Na), mean
polymorphic information content (P/C) and the expected
heterozygosity (He) were calculated.

Association of individual genotypes with their
respective resistance to trembling disease were
analyzed by the Shannon Diversity Index in POPGENE;
Population Genetic Analysis (Version 1.32; 32-bit).

© 2017 Global Journals Inc. (US)
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I11. RESULTS

a) Micro-satellite loci analysis

Figure 1 clearly demonstrated the results of
electrophoresis and the genotypes manifested by the
healthy and sick individuals at loci 57.

Table 2 showed the mean number of alleles
(Na), mean number of effective alleles (Ne), mean
Shannon index (I), mean expected heterozygosity (He),
mean observed heterozygosity (Ho) and the mean
polymorphic information content (PIC) were 4.2, 3.2,
0.6628, 0.6466,0.6221 and 1.2, respectively.

Table 2: N,, Ng, He, Ho, PIC and | for 10 micro-satellite loci of Chinese Mitten Crab

Mean number
Mean number

Mean Shannon

Mean expected Meanobserved Mean polymorphic

loci .0 f alleles N, o;”e:;fgsct’i\\l/:e Index | he’;ei:tr;a;go he’;?t;)a}:go informat|i3c|>g content
loci75 4 2 1 0.5132 0.766 0.491
locie2 4 33 1.3 0.7078 0.8478 0.672
loci57 4 3.7 14 0.7419 0.5 0.685
loci4 4 3.3 1.3 0.7062 0.5106 0.656
locit 4 3.8 1.4 0.7458 0.4167 0.689
loci254 3 3.5 1 0.5996 0.7447 0.553
loci753 9 4.3 1.8 0.7772 0.5319 0.741
loci977 4 4 1.4 0.7558 0.8 0.734
loci358 3 1.8 0.7 0.435 0.5652 0.396
loci45 3 2.8 1 0.6452 0.7826 0.604
mean 4.2 3.2 1.2 0.6628 0.6466 0.6221
The associations of the individual marker heterozygosity (Ho), mean expected heterozygosity

alleles with resistance to the trembling disease were

(He), mean polymorphic information content (PIC) and

analyzed wusing the Shannon Diversity Index in  mean Shannon index (I) in the individual populations
POPGENE, the mean number of alleles (Na), the mean were 4.2, 3.2, 0.6628, 0.6466, 0.6221 and 1.2,
number of effective alleles (Ne), mean observed respectively.
Table 3: Genotypes for the sick and healthy individuals at the eight (8) loci
positive / all  Probability of  positive /all  Probability of
loci genotypes  length /bp sick sick healthy healthy P
individual individual individual individual
locus 57 AD 290/314 0/24 0 5/24 21% 0.022
locus 57 AA 290/290 1/24 4% 5/24 21% 0.043
locus57 AC 290/308 5/24 21% 1/24 4% 0.043
locus 45 BB 390/390 7/23 30% 13/23 57% 0.011
locus 62 BB 400/400 9/22 1% 5/24 21% 0.043
locus 254 BB 340/340 13/23 57% 9/24 38% 0.043
locus 358 BC 315/321 5/22 23% 10/24 42% 0.022
locus 977 BB 393/393 3/23 13% 7/25 28% 0.043

Through association analysis, micro-satellite
loci of 57, 62 and 254 were associated to the sick
individuals of Eriocheirsinensis (P<0.05) while micro-

© 2017 Global Journals Inc. (US)

satellite loci of 57, 45, 358 and 977 were associated to
the healthy individuals of Eriocheir sinensis (P<0.05).
Through, the micro-satellite loci that showed significant
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differences were tested for the associations between  The favorable genotypes for healthy individuals were AD
their genotypes and sick traits. The observed genotypes  (290/314) at loci of 57, AA (290/290) at loci of 57, BB
for sick individuals were AC (290/308) at loci of 57, BB (390/390) at loci of 45, BC (315/321) at loci of 358 and
(400/400) at loci of 62 and BB (340/340) at loci of 254. BB (393/393) at loci of 977.

Figure 1: Title

(0)
Figure 1: Micro-satellite DNA marker analysis of crab and the trembling disease virus genomic DNA. Genomic DNA
was extracted from the leg muscles of Eriocheirsinensis and then subjected to micro-satellite DNA marker analysis.
PCR amplified DNA fragments were then electrophoresed in 8% agarose gel and photographed after the silver
staining process. Lanes 1-16 and 41-48 indicate PCR amplified DNA bands from sick individual of E. sinensis. Lanes
14-40 indicate PCR amplified DNA bands from the healthy individuals of E. sinensis. Lane M indicates the molecular
weight marker. The numbers on the right indicate the molecular size of the molecular weight marker (50bp,
100bp,150bp, 200bp, 300bp, 400bp and 500bp). AD is the preferred genotype of the healthy individuals of

Eriocheirsinensisat loci57
b) Association analysis of micro-satellite DNA markers  satellite loci of 57, 45, 358 and 977 were significantly
at the 10 loci of the sick and health individuals associated with the healthy population (P<0.05).
Association analysis suggested that micro- The observed genotypes for sick individuals

satellite loci of 57, 62 and 254 were significantly were AC (290/308) at loci of 57, BB (400/400) at loci of
associated with the sick population (P<0.05); micro- 62 and BB (340/340) at loci of 254. The favorable
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genotypes for healthy individuals were AD (290/314) at
loci of 57, AA (290/290) at loci of 57, BB (390/390) at loci
of 45, BC (315/321) at loci of 358 and BB (393/393) at
loci of 977.

IV.  DISCUSSION

In aquaculture species, a number of
Quantitative Trait Loci (QTL), have been mapped and
characterized (Jackson 1998, Danzmann 1999,
Sakamoto 1999, Ozaki 2001, Perry 2001, Robison 2001,
Shirak 2002, Xiong 2012, Qiu 2016). In our study, four
(4) (Table 2) loci were discovered and these were
associated with the resistance to trembling disease in
the Chinese mitten crabs. Through association studies,
the effects of distinct genotypes (Table 2) at the eight (8)
loci were significantly different. The results obtained in
this study are expected to play a significant role for
future marker-assisted selection (MAS) programmes in
the Chinese mitten crab.

With crab mortalities reaching 70% (Chen
2011), the trembling disease has been reported to
cause major economic losses to crab farmers in China.
In order to come up with a family of crabs resistant to
the trembling disease, a number of breeding
programmes have been undertaken though no study to
date had endeavored to associate resistance of
trembling disease to micro-satellite markers in the
Chinese mitten crab. In this study, however, we
demonstrated the potential use of marker-based
analysis in the association between resistance to
disease and co-dominant DNA markers. Crabs were
selected depending on their manifestation of the
characteristics of the trembling disease as described by
(Shen 2015)&(Zhang 2004). Crabs that showed all the
characteristics of the trembling disease were considered
to be susceptible while those that manifested no signs
of the disease were considered to be resistant. It is on
this basis that a micro-satellite marker analysis was
conducted in order to establish the association of moro-
satellite DNA markers with resistance to trembling
disease in the Chinese mitten crab.

In a study carried out by (Xiong 2012), a total
number of 15,000 simple sequence repeats (SSR) or
micro-satellite markers were isolated from mitten crabs
which were reported to be suitable for construction of
genetic linkage maps. In a more recent study by (Qiu
2016), nine quantitative trait loci (QTL) associated with
growth traits and two QTL related to sexual precocity in
the mitten crabs were identified on a linkage map. All the
micro-satellite markers that have been reported to date
are quantitative trait loci (QTL). To the best of our
knowledge, there hasn’t been any genetic linkage study
associating micro-satellite DNA markers with resistance
to the trembling disease in the Chinese mitten crab
(Eriocheirsinensis).

© 2017 Global Journals Inc. (US)

This study demonstrated a total of four (4)
micro-satellite markers that can be associated with
resistance to the trembling disease in the Chinese
mitten crab. These results are expected to be used as a
baseline  for future  marker-assisted  selection
programmes in the Chinese mitten crab. The study,
being the first of its kind is further expected to pave way
for future related studies. More studies in the same line
are necessary in order to come up with more micro-
satellite markers that can be associated to disease
resistance in the Chinese mitten crab.

V. CONCLUSION

In this study, were able to identify four micro-
satellite markers that are associated with resistance to
the trembling disease in the Chinese mitten crab;
Eriocheirsinensis. There is however need to develop
more micro-satellite DNA markers that are associated
with resistance to trembling disease in E. sinensis which
are expected to paint a much clearer picture about the
polygenic status of trembling disease resistance in E.
sinensis. Further establishment of the role of these
mirco-satellite DNA markers to the trembling disease
resistant populations of E. sinensis will be of additional
importance. There is need to carry out more such
studies on bigger numbers of E. sinensis which can be a
good representative of the entire E. sinensis
populations. This study therefore suggests that future
studies of molecular pathogenicity in E. sinensis are
inevitable. This study will provide the theoretical basis for
molecular marker-assisted breeding in Eriocheirsinensis
in future.
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Length-Weight Relationship, Condition Factor
and Aspects of Growth Parameters of the Black
Tiger Shrimp (Penaeus monodon) in the Andoni

River System, Niger Delta, Nigeria

Komi, Gentle Wilson * & Francis, Amiye °

Absiract- The investigation of length-weight relationship,
condition factor and some growth parameters of the black
tiger shrimp (Penaeus monodor)) were carried out in a monthly
sampling over a period of twelve months in Andoni river
system. The length-weight relationship of the shrimp was
estimated using linear regression, a technique incorporated in
the FAO-ICLARM Stock Assessment Tool (FiSAT). The
condition factor of the shrimp was estimated from Fulton
Condition factor (K) while age & growth structure of the
shrimps were estimated using the modified Peterson method
also known as the integrated method. The length-weight
relationship showed a negative allometric growth pattern with
values ranging from 1.4604 + 0.0828 to 1.2999+0.0692 while
Condition factor (K) varied from 0.5914 to 0.6909. The age or
longevity of the oldest tiger shrimp was 3.448 vyears.
Asymptotic length (L) and growth coefficient (K) were
31.5cm and 0.870yr-' respectively. The length at first capture
L, was 12.44cm. The growth performance index (<) was
2.936.

Keywords: Black tiger shrimp, morphometry, longevity,
well-being, Andoni River, Nigeria.

. INTRODUCTION

he study of length-weight relationship and
Tcondition factor of the black tiger shrimp (Penaeus

monodon) in the Andoni River System, comes on
the heels of the invasion and establishment of the black
tiger shrimp in the coastal waters of Nigeria. Its invasion
was first reported in 1999 by a trawl fishing company
(FAO 2000). The natural distribution is Indo-West-
Pacific, ranging from the eastern coast of Africa, the
Arabian Peninsula, South-east Asia and the sea of
Jordan as well as eastern Australia and the
Mediterranean Sea. Further invasive populations have
become established in Hawaii and the Atlantic coast of
the USA --Florida, Georgia and South Carolina (Suthep,
2015; Fuller et al., 2014).

a) Length-weight relationship
Length and weight data studies are used to
estimate growth rates, age structure and other aspects

Author a: Department of Animal and Environmental Biology, University of
Port Harcourt. PMB 5323 Choba, East West Road. Port Harcourt.
Nigeria. e-mails: genwilko@yahoo.com, gentle.komi@uniport.edu.ng
Author o: Department of Fisheries, Faculty of Agriculture, University of
Port Harcourt.PMB 5323 Choba, East West, Port Harcourt, Nigeria.

of crustacean population (Nahavandi et al, 2010).
Length-weight relationship is an indicator of condition of
marine crustaceans which reflects fluctuations in energy
uptake, utilization and well being of the stock. Factors
that affect crustacean  morphometry  include
overcrowding, disease outbreak, stress, food, and
reproductive cycle (Nahavandi et al., 2010, Pauly, 1993;
Chu et al.,, 1995). Length-weight relationship varies
among species, sexes, sampling sites and seasons.
Seasonal changes in length-weight relationship of wild
shrimp populations correlate with seasonal variation in
reproductive biology and mature shrimps have heavier
weight at length than immature ones (Nahavandi et al.,
2010, Chu et al., 1995).

In the use of the formula W = al® for length-
weight relationship, ‘@’ which is the intercept while ‘b’ is
the slope which indicates the growth coefficient or
relative growth rate (Amin et al., 2009). A characteristic
feature of length-weight relation is the exponent “b”.
When the value of b is 3, growth in weight is said to be
isometric (without changing shape). This is on the
assumption that weight increase is proportional to the
cube of length increment. When ‘b’ value is less than or
greater than 3, weight growth is said to be allometric
(crustacean changes weight as it grows larger). If slope
value ‘b’ is significantly less than 3 (negative allometric),
it implies that the crustacean becomes slender as it
increases in length whereas b> 3 (positive allometric)
indicates stoutness (Kurup et al., 2000).

b) Condition Factor

Condition factor (K) is an index of the interaction
between living and non-living factors on the
physiological condition of an aquatic organism (shrimp).
It is an index of the well-being of a given population
assessed based on the weight at a given length of the
species (Lalrinsanga et al., 2012). Condition factor is an
indicator of the energetic condition or energy reserves in
a species (Lambert and Dutil, 1997). Though condition
factor (K) does not show the qualitative (protein, lipid,
Ash, nitrogen free extract and moisture content) value of
a fish, it is complementary to proximate analysis (Sutton
et al., 2000). Condition factor indicates recent biological
and physical interactions and fluctuations especially as

© 2017 Global Journals Inc. (US)
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it relates to feeding condition, parasitic infections,
physiological factors, food reserves and general well-
being of fish (Le Cren, 1951, Lalrinsanga et al., 2012).
Condition factor K determined by Lalrinsanga et al.
(2012) ranged from 0.79 to 1.41. Kunda et al. (2008)
reported condition factor K of 1.09 in Metapanaeus
rosenbergii. Okayi, & lorkyaa (2004) reported condition
factor of 1.014 and 2.031 for Atya gabonensis and
Macrobrachium felicinium in Mu River. Araneda et al.
(2008) reported high condition factor (K) of 0.674 in
180shrimpm® treatment, 0.670 in 130shrimpm?® and
0.663 in 90shrimpm™ treatments of the Pacific white
shrimp Litopenaeus vannamei cultured in fresh water.
Okayi et al. (2012) attributed low condition factor to poor
adaptability to fresh water. Condition factors of fresh
water shrimp A. gabonensis from two water bodies in
Nigeria ranged from 1.875 for species in Jebba Lake to
3.330 for species at Lokoja river suggesting habitat
difference and changing conditions all year round (Okayi
etal., 2012).

c) Age and Growth

Amin et al. (2009) used the estimated growth
coefficient (K=1.4yr") of A. japonicus to predict
longevity (th.x = 3/k) to be 2.14 years. It is assumed as
in ELEFAN-I analysis that the value of the third
parameter of the Von Bertalanffy growth function ‘ty’ to
be zero. Hence, the sizes attained by A. japonicus were
6.16mm, 10.7mm, 14.64mm, 17.70mm, 19.98mm and
21.917mm at the end of 2, 4, 6, 8, 10, and 12 months of
age, respectively, given that L, = 29.08mm and
K=1.4yr". Yassien (2004) used the Von Bertalanffy
growth equations to describe the age-at-length of
Penaeus semisulcatus L, = 19.721 (1-e™'%* (t-0.018) for
females. Estimating L, = 19.721, K = 1.104, t, = -0.230
and D = 2,056 for males and L, = 22.149 cm, K
=1.004, t, = 0.018 and & = 2.090 for females. Lalitha
(1987) reported Von Bertalanffy growth parameters in
Penaeus monodon, Metapenaeus monoceros and M.
dobsoni. L, K and t, in P. monodon were estimated to
be 35.7cm, 1.206 and 0.41 respectively, in females while
29.69cm, 2.316 and 0.138 respectively, in males. In M.
monoceros the values were L, = 21.62cm, K = 0.996
and t, = -0.044 in females while in males L., = 20.84cm,
K= 0.972 and t, = -0.063. In M. dobsoni the value of L.,
=14.00cm, K =169 andt = 0.115.

In the assessment of tiger shrimp (P. monodon)
in Kuala Bara, Miri Sarawak, male shrimp sizes ranged
from 10.35cm (total length, weight of 20g) to 22.07cm
(total length and weighed 156g). The size of female
shrimps caught ranged from 16.3cm (total length,
weight of 30g) to 28.2cm (total length, weighed 210Q)
(Hadil & Albert, 2001). The Asymptotic length (L.) and
growth constant (K) of some penaeid shrimps of
Bangladesh (Khan et al., 2003) were L, = 29.0cm and K
= 1.29yr" for males of P. monodon while females were
L, = 32.5cm and K = 1.2yr'. P. semisulcatus L, =
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24.7cm and K = 1.36yr” for male, L, = 25.6cmand K =
1.28yr" for females. P. merguiensis L, = 17.92, K =
1.235 for males while L, = 22.10 and K = 1.299 for
female. In males of Metapenaeus monoceros L, =
17.50cm and K = 1.40yr" while female L, = 18.0cm
and K = 1.32yr'. Al available research on penaeid
shrimps show P. monodon to have the highest
asymptotic length. Metapenaeus elegans has maximum
length of 4.26cm at 1.3yr" growth rate (K) (Suradi,
2010).

Dinh et al., (2010) reported the growth of eight
species of shrimps in littoral marine waters of the
Mekong Delta as follows: Haliporodes sibogae L, =
12.8cm and K = 0.77yr"', Harpiosquilla harpax L, =
21.0cm and K = 0.89yr',  Metapenaeus affinis L,
19.0cm and K = 1.00yr", Metapenaeus brevicomis L, =
15.5cm and K = 0.87yr", Metapenaeus tenuipes L, =
14.5cm and K = 0.78yr", Parapenaeopsis cultrirostris L.,
= 19.0cm and K = 0.45yr", Parapenaeopsis gracilima
L, = 10.2cm and K = 0.79yr" and Parapenaeopsis
maxillipedo L, = 13.5cm and K = 1.30yr". The largest
size shrimp (Harpiosquilla harpax) was 21.0cm while the
smallest (Parapenaeopsis gracillima) was 10.2cm (Dinh
et al, 2010). Shrimps grow rapidly and reach
reproductive maturity at the age of six months.
Commercial value increase as they grow larger over 9 to
12 months (Dichmont et al., 2007).

This research was necessitated by the paucity
of knowledge in length-weight relationship, condition
factor, age and growth of this economically important
invasive shrimp species which is established in Nigeria's
waters. The study therefore, aimed at providing a
baseline data on some aspects of the biology of the
black tiger shrimp (Penaeus monodon) for further
investigation.

[I.  MATERIALS AND METHODS

a) Study Area

The Andoni river is located between latitudes
4%28' to 4°45' N and longitudes 7°45' E (Figure 1). Itis a
major fish nursery in the Niger Delta region of Nigeria,
West coast of Africa.

The Andoni River, which is one of the numerous
rivers through which rivers Niger and Benue drain into
the Atlantic Ocean, is located within the rainforest belt of
Nigeria (Francis, 2003).

The fishers use tide movement to aid their
transport during fishing since they primarily use dugout
canoe (unmotorized canoe) in fishing. The Andoni river
is brackish with annual salinity range of 10 — 28%
(Yoloye, 1976), 5% to 22% (Francis, 2003).
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Fig. 1. Map of Andoni river system showing sample locations (Source: Francis et al., 2007)

The Andoni river system has two main landing
sites viz; Kaa water front and Oyorokoto fishing
settlement. Kaa water front is located between
4°33.915'N to 4°34.248'N and 7°21.746'E to 7°22.637'E
(fig 1). Kaa (Ika) fish market is the major point of sales of
live, fresh and smoked fish products.

b) Research design

Landing survey, otherwise known as catch
assessment survey described by Stamatopoulos (2002),
was conducted at Kaa landing site once in every first
week of the month for a period of twelve months (from
March, 2012 to February, 2013). The data collected
included quantity of catch, species composition,
associated effort, and other secondary data such as

prices, weight and length of the black tiger shrimp
landed (Sobo, 2004).

c) Fish Sampling

A representative minimum sub-sample of 30
pieces of the Black tiger shrimp (P. monodon) was
collected monthly at Kaa landing site. The sub-sample
was an estimated fraction of the entire catch landed per
day.

d) Length Measurement

Total length (distance from tip of rostrum to the
tip of telson) of each shrimp of the sub-sample was
measured using a digital Vernier caliper and transparent
plastic ruler. Measurement of lengths was recorded in
centimeter.
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e) Weight measurement

The weight of each specimen was determined
using Ohaus electronic weighing balance. Measurement
of weight of shrimp was done by zeroing the weight of a
plastic bowl and then placing the specimen in the bowl.
Weight was measured in grams.

Length analysis was in accordance with FAO
ICLARM Stock Assessment Tool (FISAT) software format
Gayanilo and Pauly (1997) in which only the mid-lengths
and mean weights of the classes were employed.
ELEFAN1 method (Gayanilo et al., 1989) incorporated in
FiSAT software with starting sample 11 and starting
length 27.50 gave the best score function of 0.911. This
generated the best combination of growth parameters.

) Length-Weight Relationship

The length-weight relationship of the shrimp
was estimated using linear regression (Pauly, 1983). The
technique is incorporated in the FAO ICLARM Stock
Assessment Tool (FiISAT) Gayanilo and Pauly (1997)
which is used in fisheries.

The length-weight relationship was obtained
from the equation;

W =al® (Pauly, 1983: Sparre et.al., 1989)---------- (1)

Where
W = Weight of shrimps (Q)
L = Length of shrimps (cm)
a = Intercept
b = Slope
The values of ‘a’ and ‘b’ was given a logarithmic
transformation according to the following formula:

Log,, W = a + blog L (Pauly, 1983) ---------------- 2)

The intercept “a
with the formula:
Where Y = log,, W
and X =log;.L
Y = Weight of shrimps
X = Length of shrimps
This formula corresponds to the linear
regression routine option 3 in FiSAT (FAO-ICLARM
Stock assessment tool) software used for the analysis.
The data used in this analysis were lengths and weights
measurement of P. monodon landed at Kaa landing site
of the Andoni river system from March 2012 to February
2013.

in the formula was estimated

g) Condition factor

Condition factor is the plumpness of a shrimp. It
determines the well being of shrimp species in a
particular water body. The condition factors of the
shrimps were estimated from Fulton’s Condition (K) as
suggested by (Enin, 1995; Gayanilo et al., 1989).
For isometric growth

© 2017 Global Journals Inc. (US)

For allometric growth

100w
RS (4)

K =

Where K = Condition factor
W = Wet weight of sampled shrimp (g)
L = Total length of the shrimp (cm)
The data used in this analysis were the monthly
lengths and weights measurements of P. monodon
landed at Kaa landing site of the Andoni river system.

h) Age and growth

Age structure of the shrimps obtained during
the period of study was estimated using the modified
Peterson method also known as the integrated method
(Pauly, 1983; Sparre et al., 1989). Monthly length
measurement was pooled and plotted on a graph to
obtain length frequency distribution for the period of
study (March, 2012 to February, 2013) at 5cm class
interval. The same process was repeated along the time
axis on the assumption that growth pattern repeats itself
from year to year. Pauly’s integrated frequency model is
based on the assumption that growth in length is rapid
initially, then decreasing smoothly, passing through
most of the discrete peaks. The single smooth curve is
assumed to represent the average growth of P.
monodon as the growth pattern repeats itself yearly.

The relative age and corresponding modal
lengths of P. monodon from the Andoni river system
were read from the length-frequency distribution plot.
The data obtained from the relative ages and their
modal lengths were fed into FiSAT as length- at-age
data to produce estimates of asymptotic length (L),
growth performance index (<), slope (b), growth rate
(K), and longevity (t..). The relative ages and modal
lengths of P. monodon were determined by tracing the
progression of modes identified in the Pauly (1983)
integrated distribution curve (Figure 3) and represented
in Table 3.

I11. RESULTS

a) Length-Weight Relationship

The parameters of length-weight relationships
(Table 1) for combined sexes of P. monodon from the
Andoni river system indicated that the ‘b’ values ranged
from 1.2999=+0.0692 to 1.4604=0.0828, while ‘a’ values
varied from -0.0332 to -0.1567 and the regression
coefficient 'r' ranged from 0.9401 to 0.9781during the
period of the study. The regression between total length
and total body weight (Figure 2) showed negative
allometric growth pattern.

b) Condition Factor

The Condition Factor (K) from March 2012 to
February 2013 ranged from 0.5914 to 0.6909 (Table 2).
Variation was very negligible indicating that the species
grew in the same habitat and are exposed to the same
condition throughout the period of study.



Table 1: The Regression of Length-Weight Relationship of P. monodon in the Andoni river system

Month N A b=+SD 95% Cl of b R
Mar-12 30 -0.0332 1.3813+0.0562 1.2661-1.4965 0.9776
Apr-12 30 -0.1567 1.4604+0.0828 1.2906-1.6302 0.9578
May-12 30 -0.1515 1.3920+0.0954 1.1964-1.5875 0.9401
Jun-12 32 -0.0742 1.2999+0.0692 1.1587-1.4412 0.96
Jul-12 30 -0.1015 1.3677+0.0781 1.2076-1.5279 0.9572
Aug-12 32 -0.1101 1.4063=0.0777 1.2479-1.5647 0.9572
Sep-12 32 -0.0552 1.3838+0.0537 1.2741-1.4934 0.9781
Oct-12 30 -0.0712 1.3904+0.670 1.2530-1.5277 0.969
Nov-12 32 -0.0738 1.4074=0.0674 1.2700-1.5448 0.9673
Dec-12 30 -0.0863 1.4232+0.0672 1.2854-1.5610 0.9701
Jan-13 33 -0.0889 1.3754x0.0702 1.2335-1.5173 0.9619
Feb-13 35 -0.0738 1.3923+0.0616 1.2692-1.5155 0.9692

Where N=Sample size, a and b= parameters of the Length-weight Relationship, SD=
standard deviation of slope b, C/= Class Interval, r= Coefficient of correlation.

Length-Weigth Relationship of Penaeus monodon of the
Function: Y=a'+b"* X

183.0-

765

‘Weight of shrimp (3)

()]
w
()]

0.0

11480

0.0

15.0

225 300
Length of Shrimp (cm)

Fig. 2: Length-Weight Relationship of P. monodon of the Andoni river system
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Table 2: Condition Factor of Penaeus monodon of the Andoni river system (March, 2012 to February, 2013)

S/N Month Mean Weight(q)

Mean Length(cm)

Condition Factor (K)

1 Mar-12 68.37
2 Apr-12 65.59
3 May-12 47.64
4 Jun-12 38.26
5 Jul-12 52.13
6 Aug-12 60.79
7 Sep-12 66.74
8 Oct-12 67.28
9 Nov-12 63.53
10 Dec-12 72.07
11 Jan-13 54.56
12 Feb-13 58.81

22.18
21.35
19.83
18.4
20.48
21.38
22.3
22.49
20.95
22.52
20.72
50.57

0.6266
0.6739
0.6109
0.6142
0.6069
0.622
0.6018
0.5914
0.6909
0.631
0.6133
0.6757

c) Age and growth Determination

Figure 3 showed that age was proportional to
annual increment. As the stock gets older, growth slows
down. The curve cutting through the ages (Figure 3)
describes the growth pattern relative to age. Specimens
were at their growth peak at age 2+. Five cohorts were
identified. The 0+ cohort had a modal length (L;) of
14cm while the 5™ cohort had a modal length of 30cm
as seen on Table 3.

From the length frequency distribution P.
monodon of length 21cm was most abundantly caught
during the fishing seasons. This length corresponds to
two years (2+) of age (Table 3).

© 2017 Global Journals Inc. (US)



LENGTH-WEIGHT RELATIONSHIP, CONDITION FACTOR AND ASPECTS OF GROWTH PARAMETERS OF THE BLACK TIGER
SHRIMP (PENAFUS MONODON) IN THE ANDONI RIVER SYSTEM, NIGER DELTA, NIGERIA

B0 ] —

40

20

B0

i) —

1+

50—

30 —
2+

Frequency

I ]

L] TR e e [ T e T Y e et |  FY | I UL L)
i — —

40
\ 3

20 —

L \

a4 —

%
: |
=

& o

|

|
——

20 — =

i I
[ S Y T P, e, N . v P, AT RS T T | | e S T I ,lr
| &3 45 f 7879 11 1213 14 1516 17 18 100000500 LY 0425 O 2T 2R E'PBI'

Total Length (cm)

Figure 3: Pauly’s Integrated Length-Frequency Method for estimating relative age of P. monodon

Table 3: Length at age and annual length increment of P monodon in Andoni river system

Age Modal length L; (cm) Annual Increment Ly+1
0+ 14 14 19
1+ 19 5 21
2+ 21 2 27
3+ 27 6 30
4+ 30 3

L, +1 = Length separated by one year interval
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[11. DiscussioN AND CONCLUSIONS

a) Length-Weight Relationship

The length-weight relationship of P. monodon in
the Andoni River indicated negative allometric growth
pattern. The slope ‘b’ of the length-weight regression
ranged from 1.2999 + 0.0692 to 1.4604 + 0.0828.
These values are significantly less than 3 implying that
the black tiger shrimp (P. monodon) becomes slender
as it increases in length (Kurup et al., 2000, Lalrinsanga
et al.,, 2012). Hadil and Albert (2001) reported negative
allometric growth pattern in P. monodon of Kuara Baram
(b = 216 & 2.43 for males & females respectively).
Lalitha (1987) observed isometric growth in P. monodon
(b = 3.19 & 3.25 for males & females respectively) of
Kakinada. In Tanzania, Teikwa & Mgaya (2003) reported
isometric growth in males and negative allometric
growth patterns in females of P.monodon (b = 3.106 in
males & b = 2.299 in females).

The growth rate of the black tiger shrimp (P.
monodon) in the Andoni river system may likely be
influenced by competition and adaptation challenges.
Being an alien species, P. monodon requires some
more time before population explosion can occur.

The low ‘b’ values indicated lower weight
gained relative to increase in length. Similar low weight
gain was reported by Lalrinsanga et al. (2012) in their
studies on giant freshwater prawn. The low ‘b’ value
reported in this study can also be attributed to lack of
berried females in the landed population. Weight of
maturing and berried females increases the b values
(Lalrinsanga et al., 2012). Peixoto et al. (2003) attributed
about 8% of total body weight of P. monodon to
additional  weight of ovaries while in  wild
Fenneropenaeus paulensis 13% of body weight is
attributed to the weight of ovaries.

b) Condition factor

The condition factor (K) of the black tiger
shrimp (P. monodon) from the Andoni river system
ranged from 0.5914 to 0.6909. These values are
relatively lower compared to those of Lalrinsanga et al.
(2012) where K ranged from 0.79 to 1.41, Okayi, &
lorkyaa (2004) where K = 1.014 and 2.031 and Okayi et
al. (2012) in which K was 1.875 for A. gabonensis in
Jebba River.

Indigenous species seem to have higher
condition factor than exotic species. However, upon
adaptation, exotic species compete favourably and in
most cases dominate the population. The low condition
factor of the black tiger shrimp can be attributed to
competition and physico-chemical parameters of the
new environment.

c) Age and growth

The asymptotic length (Le) of the black tiger
shrimp (P. monodon) in the Andoni river system was
31.5cm and the growth coefficient (K) = 0.87yr'.
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Asymptotic length, however, ranged from 25.8 to
36.3cm. This is comparable to the asymptotic length
(Leo) of 35.7cm reported by Lalitha (1987) for P.
monodon in Kakinada, India.

The black tiger shrimp in Andoni river system is
estimated to live up to 3.5yrs which is relatively higher
than that of Acetes japonicus whose t,., is 2.14 years
(Amin et al., 2009). This is as a result of difference in
species. Penaeus notialis (Farfantepenaeus) was
estimated to live for 22 to 23 months and referred to as
short-lived considering their longevity (Nwosu, 2009).

Length-at-age of the black tiger shrimp (P.
monodon) in Andoni river system were 14cm, 17cm,
19cm, 21cm and 26cm for ages of 0, 1, 2, 3 and 4
years. Shrimps grow rapidly and reach reproductive
maturity at 6 months of age. The larger the size, the
higher the commercial value (Dichmont et al., 2007),
hence, the black tiger shrimp (P. monodon) was the
most expensive shrimp species.

The growth performance index of the black tiger
shrimp (P. monodon) (O = 2.936) was an indication of
rapid growth rate which enhances the aquaculture
potential of the species. Amin et al. (2009) reported the
growth performance index of Acetes japonicus to be
3.073 which is quite high compared with 2.10 and 1.97
for females and males Acetes chinensis respectively
(Oh and Jeong, 2003).

The length-weight relationship, condition factor,
age and growth parameters are comparable to works
done by earlier researchers indicating that the Andoni
river system was suitable for the growth and wellbeing of
the black tiger shrimp. A comparative study of the
growth parameters of the native species of shrimps with
the exotic black tiger shrimp (P. monodon) is however
required for a holistic assessment of the quality of the
brackish water condition of Andoni river system for
sustainable production of the stocks.
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Irish Potato (Solanum Tuberosum) Variety
Evaluation at Bule Hora District of Borena Zone

Addis Shiferaw * Dessalegn Regassa ° & Wakene Tigre °

Absiract- Adaptability of crops can vary from location to
location depending on the agro-ecology of a particular area.
Therefore, it is essential to conduct location specific
adaptation trial to identify suitable variety/varieites.
Accordingly, an adaptation trial of Irish potato varieties was
conducted in Bule hora district to identify potato varieties that
is better in adaptation, yield and other agronomic
characteristics, and pest and disease tolerant. The released
varieties (Gudane, Jalane, Marachere, Guassa, Gorobela and
Gera) were brought from Holeta Agricultural research center.
Local variety was also included. The seven treatments
(varieties) were laid out in RCBD with three replications.
Significant variation was observed among the varieties for
days to flowering, days to maturity, Unmarketable vyield,
marketable yield, number of tubers per hill, tuber weight per
hill, stand count and tuber yield. There was no significant
difference for tuber drymatter. The varieties Gorobella and
local were earlier in maturity than other varieties except Jalane
and Gudane. Even though significantly higher number of
tubers was recorded in local, most of them were
unmarketable. This is because, local was significantly higher in
unmarketable yield but significantly lower in total yield and
marketable yield than Gorobela, Gudane and jalane. The
varieties Gorobela, Gudane and Jalane were significantly
higher in total yield than all the varieties except Guassa. But,
they were significantly higher in Marketable yield than all the
varieties. They have got 66.3, 63.8 and 53.3% marketable yield
increments over local respectively. Therefore, the varieties
Gorobela, Gudane and Jalane can be appropriate varieties to
be recommended for the farmers in the area to improve their
Irish potato productivity.

Keywords: Irish potato, variety, adaptation.

I.  INTRODUCTION

n Irish potato is an edible tuber from the Solanum
AtAuberosum plant, which is actually native to South
merica, not Ireland. Irish potatoes are named

after Ireland because they are closely associated with
the Irish potato famine, a historical famine caused by a
mold infestation of the Irish potato crop [1, 2] Irish
potato is the fourth most important crop in the world
after wheat, maize, and rice with annual production of
314.1 million tons cultivated on about 18.1 million
hectares of land [3]. In Ethiopia Irish potato has
promising prospect in improving the quality of the basic
diet in both rural and urban areas [4]. It is a short
duration crop that can mature within short period of

Authore o p: Yabello, P.O.Box 85, Ethiopia.
e-mails:  addisyabello@gmail.com, amensisa.regassa@gmail.com,
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time. Potato production has been considered as the first
priority compared to other food crops because of its
contribution to food security, income generation and
double cropping advantages and its utilization in
different forms [5, 6]. White potato became an essential
staple in the diets of common people throughout
Europe. In Ireland, where the crop did extremely well,
potato was the only staple food. It is also advantageous
in that its’ consumable part, the tubers, are below the
ground that not subjected to some vertebrate pests like
birds and to some insect pest attack.

It is the world's fourth-largest food crop,
following rice, wheat, and maize. Long-term storage of
potatoes requires specialized care in cold warehouses
[38]. It is also widely produced in Ethiopia. From
vegetable crops it stands second next to enset (Ensete
ventricosum) in area coverage in Ethiopia and also gives
high vyield per unit area [7]. Most of the small holder
farmers were used low yielding and susceptible to
potato disease because of limited availability of
improved variety in the country [8, 9]. Lack of proper
storage system is among the liming factors contributing
to the low yield of potato in the region, which is the case
at the country level [10].

In the study area, Bule hora district, potato
varieties available at hand of farmers are poor yielders
which have been under production for many years.
Therefore developing and making available adaptable,
high yielding and pest and disease tolerant varieties of
potato is a priority concern in its productivity increase
strategy.

a) Objective
= To identify potato varieties that is better in
adaptation, yield and other agronomic
characteristics, and pest and disease tolerant.

[I. MATERIALS AND METHODS

a) Description of the study area

The experiment was conducted at Gerba
research site which was found in Bule hora district of
Borena zone and it is located south of Addis Ababa at
453 Km. The site is characterized by bimodal rain fall.
The first is from March to June and the second is from
September to November. The altitude of the area is
2243. Potato is the most staple food crop and coffee is
major cash crop in Bule hora district.
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b) Planting materials and experimental methodology

Six improved and recommended potato
varieties  namely: Jallane, Guddane, Gorobela,
Marechere, Guassa, Gera introduced from Holeta
research center and with one local variety was tried for
their adaptation at gerba research site. The site was
cleared; ploughed, harrowed, and fine seed bed was
prepared. Planting of tubers was carried out with spot
application of phosphorous in the form of DAP at time of
planting while nitrogen top dressing was carried out
after full emergence as the recommendation by [8]
(Girma, 2001).The experimental design was RCBD with
three replications.

c) Data collected and statistical analysis

The data collected were days to flowering 50%,
Days to maturity, disease and pest score, harvestable
fresh yield at maturity (kg/ha), Above ground biomass,
harvest index (dry mater partitioning), stand count at
harvest, total tuber number per plant or hill, average
tuber weight /plant or hill, Marketable vyield,
Unmarketable yield, Tuber DM (%). Data was analyzed
using SAS software and mean separation was done
using LSD.

[11. RESULT AND DISCUSSION

a) Phenological parameters

i. Days to flowering
There was a significant variation among the
varieties for days to flowering (table 1). The variety
Gorobela was the fastest in flowering followed by
Gudane (Table 2. Guassa and Marachere were
significantly higher in number of days to maturity. It took
60 days for both varieties.

ii. Days to maturity
Days to maturity were significantly different
among the varieties (Table 1). Gorobella and local
varieties were significantly earlier in maturity than other
varieties except Jalane and Gudane (Table 2). It took

significantly longest time (128.7 days) for Guassa, but
not significantly different from Marachere (125.6 days).

b) Tuber yield and yield components
i. Number of tubers per hill (NTPH)
In the case of number of tubers per hill there is
a significant difference among the varieties (Table 1).
Local variety significantly exceeded all other varieties
(Table 2). Gera and Marachere are significantly lower in
NTPH than local, Guassa and Jalane but not
significantly different from Gorobela and Gudane. In
Gorobella, Gudane and Jalane the number of tubers are
relatively lower but they have got large size so that large
weight. In contrary, local has got largest number of
tubers but most of the tubers are small below
marketable size and were unhealthy.

ii. Unmarketable yield (UNMY)

Unmarketable tubers include unhealthy and less
than 25g size category and calculated on the basis of
t/ha. UNMY was significantly different among the
varieties. Local is significantly higher than all other
varieties with total amount of 3.38 t/ha UNMY (Table 2).
The improved varieties are not significantly different. This
implies that in local cultivar large amount of the yield is
below the size required on market and also unhealthy.

iii. Marketable yield (MY)

In the case of MY, there was also significant
variation among the varieties (Table 1). Gorobela,
Gudane and Jalane are significantly higher in MY when
compared to the other varieties except Guassa (Table
2). They have got 66.3, 63.8 and 53.3% marketable yield
increments over local respectively. The varieties
Marachere and Gera are not significantly different from
local in which the lowest MY was recorded. This implies
that even though large number of tubers was recorded
in local variety, most of them are of below the size
important on market. But, varieties Gorobella, Gudane
and Jalane have got smaller number of tubers which
were large enough for market and were healthy.

Table 1: Mean squares of days to flowering, days to maturity, unmarketable yield, marketable yield, number of
tubers per hill, tuber dry matter, tuber yield, Stand count and tuber weight per hill as affected by variety and
replication

Mean squares

Source of

. DM UNMY MY NTPH
variation
Varieties 6 143.15* 19.78*** 276.36* 51.25%**
Replicaton 2 10.71ns  .06ns  66.61ns  5.07ns
Error 12 10.65 0.1496 57.98 3.62

TDM (%) TYLD (t/ha) SC TWPH

57.63ns 256.19* 37174211.2***  0.113064ns

26.35ns 66.73ns 4291593.2ns 0.02436ns
54.16 56.49 3605722.1 0.04630686

DF-degree of freedom, DM-day of maturity UNMY- Unmarketable yield, MY-marketable yield
NTPH-Number of tuber per hill TDM-Tuber dry matter TYLD-Total yield Sc-stand count TWPH-tuber weight per hill
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c) Tuber Dry matter (TDM)

There was no significant difference among the
varieties. That means dry matter content among the
varieties is not statistically different.

d) Tuber weight per hill

Tuber weight per hill was significantly affected
by difference in varieties (Table). The varieties Jalane,
Gudane and Gorobella were significantly higher in tuber
weight per hill than Marachere and Gera. But they were
not significantly different from the local. This might be
due to the fact that larger number of tubers per hill
recorded in local could contribute to the weight as well.
Gorobella, Gudane and Jalane were significantly lower
in tuber number per hill but their healthy and larger sized
tubers enabled them to have significantly higher tuber
weight than other improved varieties.

e) Stand count
There was also significant difference in stand
count (Table 2). Gudane, Marachere, and Gorobella are

significantly higher in stand count when compared to the
other varieties. But, they were at par with the variety
Guassa. The lowest number of plants was recorded in
the local variety.

) Tuber yield (TYLD)

In the case of tuber yield, there was a significant
difference among the varieties (Table 1). So that the
varieties  Gorobella, Gudane and Jalane were
significantly higher in TYLD than the other varieties
except Guassa which was not significantly different from
Marachere and local as well (Table 2.). The variety Gera
is the least of all varieties. In Gorobella, Gudane and
Jalane the higher tuber weight per hill was the major
yield component contributing to higher yield recorded.
Stand count might also be another factor for higher
tuber yield in Gorobella and Gudane.

Table 2: Mean values of Days to maturity, Unmarketable yield, Marketable yield, Number of tubers per hill, tuber dry
matter, tuber yield, stand count and tuber weight per hill as affected by varieties

fgs\};sri;og rags;g UNMY MY  NTPH TDM (\t(/hg) SC/ha . weight/hil
Varieties
Jalane 57.67¢c 121.7bc 1.07b 50.94a 15.26b 27.78 52.01a  35556bc 1.46a
Gudane 54.00e 124.0abc  0.68bc 54.44a  12.59bc 27.15 55.12a  39630a 1.39a
Guassa 60.00a 128.7a 1.34b 36.49bc 14.84b 31.88 48.83ab  38519ab 1.27ab
Maracher 6.00a 125.6ab 1.09b 36.92bc  11.08c 27.68 38.01bc  39259a 0.97b
Local 55.33d 118.3c 3.38a 33.22¢ 22.23a 20.19 36.40bc  30741d 1.19ab
Gorobelle 51.00f 119.0c 0.95bc 55.25a  12.44bc 34.10 56.20a  40741a 1.39a
Gera 58.67b 125.7ab 0.31c 34.33bc 9.63c 29.36 34.64c¢ 34815¢ 1.00b
LSD 5% 0.71 5.8 0.69 13.55 S NS 13.37 3378.1 0.38
V. CONCLUSION We also thank the staff of Yabello pastoral and dry land

Potato was required to be cultivated in Borana
zone for consumption and selling purpose also.
Adapting best suited varieties in the environment for
increasing production and productivity and resistant to
disease was a best strategies to overcome economic
and food security. Adaptation and evaluation of varieties
for local adaptation continued to part of strategic
approach of Yabello research center in developing and
promoting appropriate crop technologies in the area. In
this experiment the potato varieties Gorobela, Gudane
and Jalane were significantly higher in total and
Marketable vyield respectively than all varieties.
Therefore, the varieties Gorobela Gudane and Jalane
can be recommended for the farmers in the area to
improve their Irish potato productivity under normal rain
fall condition in the area.
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Determinants of Market Outlet Choice of the
Smallholder Mango Producers: The Case of
Boloso Bombe Woreda, Wolaita Zone, Southern
Ethiopia: A Multivariate Probit Approach

Takele Honja °, Endrias Geta ° & Amsalu Mitiku *

Absitract- This study aimed at identifying of factors affecting
market outlet choice of the smallholder mango producers in
Boloso Bombe District, Southern Ethiopia. The survey was
conducted in four randomly selected kebele administrations in
the district. About 120 smallholder mango producers have
been selected randomly from the four kebele administrations
proportionally. Both qualitative and quantitative types of data
were used. Sample households were used as source of the
primary data used for the study. Both close ended and open
ended (semi-structured) questionnaire was prepared to collect
the data. Personal interview, focus group discussion and
group discussions was used to capture adequate data. Both
descriptive and inferential statistics were used to analyze the
data. Multivariate probit model was used to identify factors
affecting market outlet choices of the smallholder mango
producers. The result obtained from multivariate probit
model indicated that variables such as family size, distance to
the market, quantity of mango produced, price offered, access
tomarket information and access to non- farm income
determined the decision of choice of wholesaler, collector, reta
iler and consumer market outlets at  different  significance
level. Therefore, variables affecting the choice of wholesaler
and consumer market outlet should be promoted and farm
gate and retail price intervention is quite important to maximize
the economic benefit of farmers. Quantity of mango produced
and price should be promoted and get special attention to
increase the contribution of mango to the household
livelihood.

Keywords: mango, market outlet choice, multivariate
probit model.

l. INTRODUCTION

ango fruit crop has significant importance with a
I\/l potential for domestic and export markets and

industrial processing (James et al., 2008).
However, a review of literature in agro-industry value
chain in Ethiopia indicated that the sector faces many
challenges due to limited market outlets, limited efforts
in market linkage activities and poor market information
among actors (Dereje, 2007; Kaleb, 2008; Dendena et
al., 2009). It is common in Ethiopia that majority of
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Author o Wolaita Sodo University, College of Agriculture, Department
of Agribusiness and Value Chain Management.

e-mail: honja.takele@gmail.com

mango producers sell their products at nearby local
market. Most of the time mango producers sell their
produce to consumers and sometimes to retailers
because of the market fluctuation and lack of marketing
infrastructures. The other reason is maturity stage and
harvesting time of mango fruit is similar. This condition
increase the supply at that time and the demand is less
compare to that of the supply. In this situation the price
of the fruit become less and less and as result of this
farmers are obliged to sale their produce at local market
(Seid and Zeru, 2013). In addition to this, farm gate sale
of mango is also common in Ethiopia. The main sales
channels of mango in Ethiopia include direct sale to
consumer, hotels, large retailers and supermarkets,
wholesalers and small retailers and kiosks (James et al.,
2008). Marketing system of mango in Ethiopia is
characterized by use of traditional transportation means
and marketing is mainly oriented on local market. The
main constraints of mango marketing are mentioned as
lack of markets to absorb the production, low price for
the products, poor product handling and packaging,
imperfect pricing system and lack of transparency in
market information system mainly in the export market.
Marketing channel choice decisions are among
the most complex and challenging decisions facing
farmers and chosen channels intimately affect all other
marketing decisions (Berry, 2010). Giuliani and Padulosi
(2005) indicated that systematic identification of factors
faced by households in market outlet choice decision
along agricultural value chain is increasingly seen by
agricultural research as important component of any
strategy for reaching the millennium development goals
especially eradication of poverty and hunger. But,
studies conducted earlier on mango sector in Ethiopia
(James et al., 2008, Tigist et al., 2009, Timoteos, 2009,
Tiruneh, 2009, Bezabih, 2010, Ayelech, 2011, Seid and
Zeru, 2013) did not touch factors affecting market outlet
choice decision of small scale mango producers in spite
of the fact that it is indispensable for the agricultural
development programs. Mango is one of potential fruit
crop produced in Boloso Bombe Woreda in Wolaita
Zone which has a significant contribution to the
livelihood of small scale farmers in the area thereby
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contributing to the income of the majority of smallholder
producers as well as ensuring of food security. Farmers
in the study area can sale their mango via multiple
outlets in order to maximize expected utility thereby
making a joint decision. Although farmers sale mango
through different market outlets, no empirical evidences
has been done on factors affecting market outlet choice
of smallholder mango producers in the area. Therefore,
this study was conducted with the main objective of
identifying factors affecting market outlet choice of
smallholder mango producers in the area.

[I. METHODOLOGY OF THE STUDY

a) Sample Size Determination and  Sampling
Techniques
Boloso Bombe Woreda was selected

purposively as the study area based on the extent of
mango production and participation of farmers in
mango marketing. There are 18 rural kebele
administrations in the Boloso Bombe Woreda. From the

se rural kebele administrations, 4 kebele administrations
were selected randomly. Accordingly, Adila, Bombe, M

ehal Ambe and Para wocha kebele administrations were
selected randomly. There are about 1150, 1210, 1220, a
nd 1360 mango producers in Adila, Mehal Ambe, Bomb

e and Para Wocha kebele administration, respectively. S
ample frame was drawn for the study population of sele

cted kebele administration and by employing Probability
Proportional to Size (PPS), the number of farmers taken
from each kebele was determined. Finally, based on the
sampling frame drawn from each kebele administration,
simple random sampling technique was applied to
select the sample mango producing households.
Accordingly, about 120 households have been selected
randomly from the four kebele administrations
proportionally.

b) Types, Sources and Methods of Data Collection

To conduct this study, both qualitative and
quantitative types of data were used. Qualitative data
collected may include demographic, socio-economic
and institutional characteristics of mango producers and
market outlet choices available for in the area. In
addition to this, farmers’ access to non-farm income
and owning of on farm transport means were also
collected. Quantitative data like age of the farmer,
volume of mango produced, quantity of mango sold
through each outlet, selling price of the mango in unit of
measurement, marketing experience and distance to the
nearest market were collected. Sample households
were used as source of the primary data used for the
study. To capture adequate data for the study, first both
close ended and open ended (semi- structured)
questionnaire was prepared. To collect the data,
personal interview and Participatory Rural Appraisal
(PRA) tools such as focus group discussion group
discussions were used.
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c) Method of Data Analysis

To change the raw data of the study into fact,
both descriptive and inferential statistics were used.
Descriptive statistics such as frequency, mean and
percentage were used in the process of comparing
socio-economic,  demographic  and  institutional
characteristics of households across market outlets
choices. In addition to this, descriptive tools such as
tables were used to present the results. Inferential
statistics such as F-test (log-likelihood ratio test), Wald
test, and pseudo R? were used to test adequacy of the
model and hypothesis for the statistical significance of
parameters.

d) Econometric approach

Determinants of the market outlet choices were
identified by using multivariate probit model. Some
recent empirical studies of market outlet choices
assume that farmers consider a set (or bundle) of
possible outlets and choose the particular marketing
outlet that maximizes expected utility. They also assume
that the addition or deletion of alternative outcome
categories does not affect the odds among the
remaining outcomes and the odds of choosing a
particular market outlet over the other do not depend on
which other outcomes are possibly chosen. However, in
the present study more than one marketing outlet is
available in the study area and farmers are more likely to
simultaneously choose more than one market outlet in
order to address their multiple needs. In this case, the
dependent variables are the dichotomous variables
indicating whether sales are made through the relevant
marketing chain. The market outlets have been
categorized into four groups: wholesaler, collector,
retailer and consumer market outlets. Each farmer can
use one or more marketing outlets or several
combinations of different outlets which maximize the
expected utility and due to this there is some
overlapping and many farmers sell on more than one
market outlet. This is to mean that farmers do not sell
mango permanently to the particular market outlet and
use the available market outlets alternatively in the
absence or presence of the possible choices. Since
farmers may market their mango via multiple outlets, the
multinomial logit model would be infeasible due to the
resultant very large number of possible choices. The
relative risk of selecting one outlet can be affected by
the relative risk of the selecting the other and violate the
Hausman assumption of Independence of lIrrelevant
Alternatives  (IIA) in multinomial logit model. If
simultaneity in decision-making exists, this approach
yields biased, inefficient and inconsistent estimates
(Maddala, 1983; Greene, 2003). Thus, the decision of
choosing market outlets is inherently multivariate and
attempting univariate modeling excludes  useful
economic information contained in interdependent and
simultaneous choice decisions. Failure to capture



unobserved factors and inter-relationships among
choice decisions regarding different market outlets will
lead to bias and inefficient estimates (Menale et al.,
2012).

The multivariate probit model takes into account
the potential interdependence in market outlet choices
and the possible correlation in the choice of alternative
outlets. The probability of preferring of any particular
market outlet is estimated conditional on the choice of
any other related outlet. The multivariate probit model
assumes that each subject has distinct binary
responses, and a matrix of covariates that can be any
mixture of discrete and continuous variables. Generally
speaking, the multivariate probit model assumes that
given a set of explanatory variables the multivariate
response is an indicator of the event that some
unobserved latent variable falls within a certain interval.
The multivariate probit is an extension of the probit
model (Greene, 2003) and is used to estimate several
correlated binary dependent variables jointly. The model
is specified as follows:

Yim = ﬁmxim Tt (2)

Where Y*im (m = 1... k) represent the unobserved latent
variable of market outlets chosen by the i farmer

Pr(y;i=1y;=1y5i=Lys=1 =

(i=1...n). Therefore, in this case k = wholesaler,
collector, retailer and consumer outlets, Xim is a 1 X k
vector of observed variables that affect the market
outlets choice, Bm is a kx 1 vector of unknown
parameters to be estimated, Zim, m = 1,..., M are the
error terms distributed as multivariate normal, each with
a mean of zero, and variance-covariance matrix V,
where V has values of 1 on the leading diagonal and
correlations (Cappellari and Jenkins, 2003). Equation
(9) is a system of m equations that as shown in Equation
10 below;

Y, =xB, +& Yy =1ifY;"is > 0,Y; = 0 otherwise

Y, =%, +& Yo, =1ifY,"is > 0,Y, = 0 otherwise

Ys" =x3B; + &3 Y3 =1ifYs"is > 0,Y3 = 0 otherwise

Yy =x4B, + &4 Yy =1ifY,"is > 0,Y, = 0 otherwise.... (3)

This system of equations is jointly estimated
using maximum likelihood method. There are six joint
probabilities corresponding to the six possible
combinations of preferring and not preferring each of
the four market outlets. The probability that all four
market outlets have been preferred by household ‘i’ is
given as:

Pr(ey; < By X1i €21 < ByXoi 31 < PyXzip 84 < B4X4i) = Pres < ByXai / €31 < ByXzi / €21 < ByXoi 815 < Byxqy X Pr(es; <

Bsx3i / €21 < PyXai / €11 < PyXyi X Pr(ey; leli) --------------------

[T1. RESULTS AND DISCUSSION

a) Market Outlet Choices of the Households

Market outlet choices available for sale of
mango in the study area include wholesaler, collector,
retailer and consumer outlets. As indicated in the
Appendix Table1, about 89.1%, 76.8%, 76%, and 74.6%
of sample households sell their mango via wholesaler,
consumer collector, and retailer outlets, respectively.
Conversely, about 25.4%, 24%, 23.2% and 10.9% of
sample households do not sell their mango via the
retailer, collector, consumer and wholesaler market
outlet, respectively. The survey has further indicated that
no farmer has used cooperative as a market outlet in the
study area except those who have been organized in
mango processing unit.

b) Households’ characteristics by market outlet choices

The effect of continuous variables over market
outlet choice is examined by using mean
comparison as Berhanu et al. (2013) and Geoffrey et al.
(2014) have used. As shown in the Appendix Table 2,
the mean age of sample households who sale mango to
the retailer, consumer, collector and wholesaler, market
outlet is 44, 43.34, 43.3 and 428, years old,
respectively. This indicates that households who sale
mango to the wholesalers are younger than households

........................................................................................ (4)

who sale to other market outlets. And conversely,
households who do not sale mango to the wholesalers
are older than households who not sale to other market
outlets.

The mean family size of sample households
who sale mango to wholesaler, retailer, consumer and
collector market outlet is 7.53, 6.59, 6.53 and 6.38,
respectively. Accordingly, households who sale and do
not sale mango to the collectors have smaller and larger
mean family size, respectively in comparison 1o
households who sale and do not to other outlets. This
indicates that inadequacy of labor at household level
obliges to sale mango at farm gate and labor
endowment promotes involvement in formal marketing.
The mean distance to the nearest market for households
who sale their mango to the collectors (30.1 minutes
walk) is greater than those who sale to another market
outlets. This indicates that when distance to market is
large, farmers prefer to sale their mango at farm gate.
The mean quantity of mango produced for households
who sale to wholesaler (9.45 quintal) is greater than
households who sale to other market outlets. This
implies that households who produce more prefer
wholesale market since wholesalers purchase bulk
quantity of mango. The mean price paid for a unit kg of
mango in birr is lowest for households who sale mango
to the collectors in comparison to the households who
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sale to other outlets. This is due to the fact that farmers
sale immature mango to the collectors at farm gate with
a minimum price. This is in line with Montshwe (2006)
stated that the farm gate sale tends to reduce farmers*
revenue since the prices are relatively low.

c) Socio-economic characteristics of households by
market outlet

The effect of dummy variables over market
outlet choice is examined by the frequency of
households selling to each market outlets as Berhanu et
al. (2013) and Geoffrey et al. (2014) have used.
Proportion of household characteristics by mango
market outlets is given in Appendix Table3. About
53.9%, 42.9%, 33.3%, and 30.4% of the male headed
households used wholesaler, consumer, collector,
retailer, and market outlet choices, respectively as a
choice of marketing outlets. On the other hand, 69.6%,

66.7%, 57.1% and 46.1%, of the female headed
households used retailer, collector, consumer and
wholesaler, respectively as the choice of mango

marketing outlets. This shows that the male headed
households who used wholesale as the choice of
marketing outlets were more than their counterparts.
About 92.9%, 91%, 87% and 80.7% of households who
have access to extension service used consumer,
wholesaler, retailer and collector, respectively as market
outlet choices. Households who have access to
extension service have a minimum probability of selling
mango to the collector market outlet. This is because
extension service discourages selling of unripe mango
as it increases postharvest loss and retards benefit
derived from selling of it. About 87%, 84.3%, 72%, and
66.7% of households who have access to credit sell
their mango to the retailer, wholesaler, consumer and
collector, respectively as the market outlet. The
proportion of households who have access to credit that
sell mango to the collector market outlet (66.7%) is less
than proportion of households who sell mango to the
other market outlets. This indicates that access to credit
enables farmers to endow economic resources in order
to involve in formal marketing.

About 74.2%, 71.4%, 69.6% and 41.7%, of
households who have access to market information sell
mango to the wholesalers, consumers, retailers and
collectors, respectively as market outlet choice. This
indicates that about 41.7% of households who have
access to market information sell mango to the collector
which is less than proportion of households selling to
the other market outlets. This implies that when farmers
are getting informed about opportunities in final market,
their tendency of selling to collector at farm gate
decreases. About 100%, 100%, 97.8%, and 91.7% of
households who have access to market sell mango to
retailer, consumer, wholesaler and  collector,
respectively, as market outlet choice. The proportion of
households who have access to market that sell mango
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to the collector (91.7%) is less than proportion of
households selling to the other market outlets. About
42.9%, 19.1%, 13% and 8.3% of households who own
transport means sell their mango to the consumer,
wholesaler, retailer and collector, respectively, as market
outlet choice as shown in the Appendix Table3. The
proportion of households who own transport means that
sell their mango to the consumer outlet (42.9%) is
greater than proportion of households selling mango to
other market outlets. This implies that owning transport
means facilitate efficient delivery of mango to the
terminal market thereby reducing cost of transaction.

About 46.2%, 26.9%, 154% and 11.5% of
sample households who have membership in group sell
mango to the wholesalers, retailers, consumers and
collectors, respectively, as market outlet as indicated in
Table3. The proportion of households who have
membership in group that sell mango to the collector
market outlet (11.5%) is less than the proportion of
households selling to other market outlets. This implies
that farmers who are member in group do not want to
sell mango to the collectors at their village.

d) Factors affecting market outlet choice of the mango
producers

The multivariate probit model was estimated
jointly for four binary dependent variables namely
wholesaler, collector, retailer and consumer market
outlets. The P-value of the Wald test statistics for the
overall significance of the regression is low (0.0268)
indicating that the multivariate regression is significant.
Further, the likelihood ratio test of rho is significant (P-
value = 0.0133) indicating that a multivariate probit
specification fits the data. The significance of the off-
diagonal elements of the covariance matrix shows that
there are unobserved heterogeneities that influence the
choice decisions on the different market outlets. The
correlation coefficients among the error terms are
significant indicating that the decision to choose one
market outlet affects the decision of choosing the other.
The correlation coefficients between the wholesaler and
consumer and collector and consumer market outlets is
negative and significant at the 5% level indicating that
farmers who choose one market outlet are less likely to
choose another (Appendix: Tableb).

According to the result obtained from the
multivariate probit model, the probability of choosing
wholesaler market outlet was influenced by family size,
distance to the nearest market centre, quantity of
mango produced and price as indicated in Appendix
Table 4. Family size is positively correlated with the
choice of wholesaler outlet at less than 1% level of
significance, respectively. This is due to the fact that
households with the larger family size have plenty of
labor force to deliver mango to final market. This is in
line with the Tewodros (2014) who indicated that large
family size implies better labour endowment so that



households are in a position to travel to get wholesalers
in the district or nearby town markets. Distance to the
nearest market centre is negatively correlated with the
choice of wholesaler market outlet at 5% level of
significance. This indicates that when distance to the
nearest market is increasing, the likelihood of selling
mango to the wholesale market outlet is decreasing
because of the transaction costs related with the
delivering of mango.

Quantity of mango produced also determined
the choice of wholesaler market outlet positively at less
than 1% level of significance. This indicates that when
quantity of mango produced increases, probability of
seling to the wholesalers is increasing because
wholesalers purchase high quantity of mango at once
without selection. The price paid for a unit kg of mango
determined the choice of wholesaler market outlet
positively at less than 1% level of significance. This is
due to the fact that wholesalers purchase mango
without any selection and overestimate the price paid for
a unit kg of mango in relative to other market outlets.

The probability of choosing collector market
outlet was determined by the family size, distance to the
nearest market, quantity of mango produced, price and
access to non-farm income as indicated in the Appendix
Table4. Family size determined the probability of
choosing collector outlet negatively at 10% level of
significance. This implies that large family size has a
plenty of labor force for delivering of mango to the final
market and plenty of labor force disfavor selling of
mango to the collector market which pays low price at
farm gate. Distance to the nearest market centre is also
negatively correlated with the probability of choosing
collector outlet at 5% level of significance. When
distance to the nearest market increases, transaction
cost of delivering mango to the final market also
increases and because of this farmers choose to sell at
farm gate with few transaction cost. Quantity of mango
produced determined the choice of collector market
outlet positively at 10% level of significance. This implies
that collector can purchase a significant volume of
mango at farm gate which in further sell to other traders
like wholesalers. The probability of selling mango to the
collector market outlet choice is negatively correlated
with the price paid for a unit kg of mango at farm gate at
5% level of significance. This indicates that a low price
worth to unripe mango by collectors at farm gate
discourages farmers from selling their mango to the
collectors. This is in line with Montshwe (2006)
who stated that farm gate sale tends to reduce farmers’
revenue since the prices are relatively low. Access to
non-farm income determined the probability of choosing
collector outlet negatively at 5% level of significance.
This is due to the fact that farmers who have access to
non-farm income are not quick enough to harvest
immature mango for temporary cash need because they
can derive income needed for the households’ basic

needs from other activities like trading. In addition to
this, farmers who have been engaged in non-farm
activities like trading have more knowledge in economic
value of selling mango in formal market and they know
as farm gate price diminishes their benefit from selling of
mango. In other case, they can derive income from non-
farm activities which enable them to sell mango at
formal market.

The probability of choosing retailer market outlet
was determined by the quantity of mango produced and
price as indicated in the Appendix Table 4. The two
variables determined the probability of choosing retailer
market outlet negatively at less than 1% level of
significance. The negative correlation in the case of
quantity of mango produced implies that famers who
produce a large volume of mango prefer wholesale
market than retailer as retailers purchase a small
quantity of mango. In the case of price, retailers often
underestimate the price paid for a unit kg of mango and
try to deceive farmers thereby reflecting their bargaining
ability.

The probability of choosing consumer market
outlet was determined by quantity of mango produced,
access to market information and price as indicated in
Appendix Table 4. Quantity of mango produced is
negatively correlated with the probability of choosing
consumer outlet at less than 1%. This implies that
farmers who produce a high quantity of mango do not
prefer selling of mango to the consumers because
consumer demands a small quantity of mango for spot
consumption. Access to market information determined
the probability of the choosing consumer outlet
positively at 10%. Price information about local market
informs the farmer on prevailing pricing condition. This
implies that accessibility of market information related
with price condition in local market fosters choice of
consumer in local market. This is in line with the
Geoffrey et al. (2014) who indicated that market price
information had a positive influence on the choice of the
local market. Price paid for the unit kg of mango also
determined the probability of choosing consumer outlet
positively at less than 1% level of significance. This
implies that end user of the product pays a better price
for ripe mango in local market and indicates that farmers
who sell ripe mango can drive better income.

IV. CONCLUSION AND RECOMMENDATION

The result obtained from the MVP model
revealed that about six variables were found to be
statistically significant at different significance level by
determining the choice of wholesaler, collector, retailer
and consumer market outlets. The result has indicated
that variables such as family size, distance to the
market, quantity of mango produced and price offered
are the significant determinants of the choice of
wholesale market outlet. Farmers’ choice of collector
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market outlet is determined by the family size, distance
to the nearest market, quantity of mango produced,
price offered and access to non-farm income. The
choice of retailer market outlet is determined by the
variables such as quantity of mango produced and price
offered. Consumer market outlet choice is determined
by the variables such as quantity of mango produced,
price offered and access to market information. Based
on the result obtained from the model variables affecting
the choice of wholesaler and consumer market outlet
should be promoted and farm gate and retail price
intervention is quite important to maximize the economic
benefit of farmers. Quantity of mango produced and
price are the key determinants of households’ market
outlet choice. Therefore, these variables should be
promoted and get special attention. Establishment of
cooperative and small scale mango processing industry
diversifies marketing alternatives of the farmers, efficient
use of the resources and better for the bargaining ability.
Therefore, attention should be payed on these issues for
the further improvement of mango marketing in the
study area.
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APPENDIX
Table 1: Proportion of market outlet choice of the households

Market outlets Category Frequency (n) Percentage (%)

Wholesaler Yes 107 89.1
No 13 10.9
Collector Yes 91 76
No 29 24
Retailer Yes 90 74.6
No 30 254
Consumer Yes 92 76.8
No 28 23.2

Source: Survey result (2015)

Table 2: Mean household characteristic by market outlet choices

Market outlet choices

Variables Category Wholesaler Collector Retailer Consumer
Age in year Yes 42.80 43.29 43.88 43.34
No 43.67 41.67 40.00 41.44
Family size in number Yes 7.53 6.38 6.59 6.53
No 6.39 6.94 6.29 6.47
Distance to the market in Yes 29.15 30.1 25.72 24.65
minutes of walk No 14.87 19.64 33.14 27.81
Quantity of mango Yes 9.45 6.89 6.3 4.8
produced in quintal No 5.83 6.93 121 9.9
Price in birr Yes 3.2 2.01 2.18 2.5
No 2.22 2.77 3.24 1.8

Source: Survey result (2015)

Table 3: Household characteristics by market outlet choices

Proportion (%)

Variables Category Wholesalers Collectors Retailers  Consumers

Sex Female 46.1 66.7 69.6 57.1
Male 53.9 33.3 30.4 429

Access to extension service No 9 19.3 13 7.1
Yes 91 80.7 87 929

Access to credit No 15.7 33.3 13 28
Yes 84.3 66.7 87 72
Access to market information No 25.8 58.3 30.4 28.6
Yes 74.2 417 69.6 71.4

Access to market No 2.2 8.3 0 0
Yes 97.8 91.7 100 100
Owning transportation means No 80.9 91.7 87 571
Yes 19.1 8.3 13 42.9
Membership in group No 30.4 22.2 241 23.2
Yes 46.2 11.5 26.9 15.4

Source: Survey result (2015)
Table 4: Result of multivariate probit regression

Market outlets

Variables Wholesaler Collector Retailer Consumer
Coef. P>/z7/ Coef. P>/z/ Coef. P>/z/ Coef. P>/zZ/
AGE -0.0053 0.726 0.0057 0.603 0.0084 0.510 0.0077 0.538
FMSZ 0.3420 0.002***  -0.1074 0.081* 0.0411 0.551 0.0716 0.225
SEX -0.2493 0.608 -0.3862 0.215 -0.1434 0.640 0.2102 0.539
EDUC -0.5835 0.168 0.2075 0.491 -0.1272 0.678 0.0714 0.815
DISNEAMKT -0.0337 0.026** -0.0160 0.025** -0.0095 0.111 -0.0005 0.937
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ACCEXSER 0.4320 0.389 -0.3965 0.330 -0.0229 0.956 0.1216 0.735

ACCCRE -0.3907 0.442 0.1865 0.581 0.2131 0.535 -0.1674 0.620
QUNMAPR 0.1322  0.009*** 0.0367 0.092* -0.0698 0.005***  -0.0644  0.004***
ACCMKT -4.1063 0.984 -0.0723 0.940 -3.494 0.989 1.4949 0.154

OWNTRAME 0.5915 0.428 -0.702 0860 0.2533 0.558 -0.1017 0.793
MEMBER 0.3413 0.557 -0.0940 0.822 -0.2826 0.568 0.2569 0.569
ACMKTINFO 0.1502 0.772 -0.1432 0.644 -0.3554 0.321 0.5238 0.070*
PRICE 0.4367  0.001***  -0.2287 0.014** -0.3729 0.004***  0.6270 0.003***
ACNONFAIN -0.0835 0.843 -0.6245 0.033** -0.1250 0.683 0.3688 0.215
Constant 7.8076 0.970 1.4692 0.249 5.483 0.982 -2.874 0.045**

N=120, Wald chi2 (56) = 78.18, Prob>chi2 = 0.02668, log likelihood = -204.49657, *** ** and * are statistically
significant at 1%, 5% and 10% level

Source: Survey result (2015)

Table 5: Error covariance matrix and correlations of the MVP model

Correlation Coef. Std.err Z P>/Z/
/atrho21 4940 .2165 2.28 0.023**
/atrho31 .2891 .2340 1.24 0.217
/atrho41 -.5951 .2529 -2.35 0.019**
/atrho32 -.1642 .1982 -0.83 0.408
/atrho42 -.5990 2424 -2.47 0.013**
/atrho43 .3225 1947 1.66 0.098*

Rho21 4573 1712 2.67 0.008***
Rho31 2813 2155 1.31 0.192
Rho41 -.5335 1810 -2.95 0.003***
Rho32 -.1627 .1930 -0.84 0.399
Rho4?2 -5363 1727 -3.11 0.002%**
Rho43 3117 1758 1.77 0.076*

Likelihood ration test of rho21 = rho31 = rho41 = rho32 = rho42 = rho43= 0 where 1, 2, 3 and 4 stands for wholesaler, collector,
retailer and consumer, respectively, Chi2 (6) = 16.0803, Prob>chi2 = 0.013, ***, ** and * are statistically significant at 1%, 5%
and 10% level, respectively.

Source: Survey result (2015)
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Insects as an Option to Conventional Protein
Sources in Animal Feed: A Review Paper

Nazif Amza ® & Metekia Tamiru °

Abstract- Intensification of Livestock production and the
growing world population posed heavy pressure on limited
resources which requires urgent attention to reduce its effect
on climate change and feed scarcity. Protein-rich insects are
one of the options to conventional protein sources. Africa is
one of the most important hotspots of edible insects’
biodiversity comprising 524 species. The most widely used
insects in animal feeds are the larvae of the black soldier fly,
the maggot and pupae of common housefly, the yellow
mealworm or larvae of the beetle as well as blue bottle,
termites, blow flies and insect families belonging to the order
Orthoptera including, grasshoppers, crickets and katydids.
The chemical composition of insects varies between species,
growth stage and management conditions. The Crude protein
(CP %) ranges from 41.1-76.1, crude fiber (CF %) from 3.8-
15.7, the extract (EE %) from 5.4- 37.2, ash% from 2.2-26.6
and gross energy (GE) from 19.8- 27.2. Based on the nutritive
values, Insect meal is an excellent and important substitute of
poultry diet replacing wide range of feed stuffs. Insect protein
as supplement or substitute on aquaculture production
improves fish productivity which could replace 50 % fish meal
without adverse effect on weight gain, Specific growth rate and
feed conversion ratio. Utilization of insect as a substitute or
supplement in Pig has no adverse effect on growth
performance and carcass quality. Despite the above benefits,
all insects are not safe to use in animal feed. Just as it applies
for plant and animal food Products some insects cause
allergic reactions, botulism, parasitizes and food poisoning. All
these health risks can be prevented by the utilization of
scientifically recommended insect species reared on pollutant-
free feed either harvested in the wild or on farms with proper
processing, handling, and storage. Although utilization of
insects as animal feed have been given due attention, insects
are being reared at a small scale. So that there is a need for
establishing cost-effective well-optimized mass insect rearing
facilities up on utilization of bio-waste and organic side stream
for a defined quality of animal product.

Keywords: insects, feed, inclusion, constituents and
animal feed.

[ INTRODUCTION

orld’s population will grow to around 9 billion
people in 2050 resulting in a higher

consumption of food from animal origin and an
increased demand for protein to feed
livestock(Alexandratos and Bruinsma, 2012). Livestock
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Medicine, Jimma University. e-mail: metekiatam@gmail.com

production which accounts 70% of agricultural land and
world population increase place heavy pressure on
limited resources which require urgent attention in
causing climate change and feed scarcity (Fao, 2009a).
The livestock sector contributes approximately 14.5% of
all anthropogenic greenhouse gas (GHG) emissions
(7.1 Gigatons of CO,-equivalent per year) (Gerber et al.,
2013) and animal products have a much higher water
footprint than plant-based foods(Mekonnen and
Hoekstra, 2012). Making better use of low-impact feed
sources such as grasses, insects or worms can lower
global footprint due to animal products (Soil
Association, 2013). To reduce the environmental impact
for Production of protein from animal sources and diet
costs, protein-rich insects are one of the options to
conventional protein sources (Khusro et al., 2012).

Feed-to-meat and milk conversion varies widely
depending on the feed type, class of the animal and the
production practices used (Pimentel and Pimentel
2003). Typically, 1 kg of live animal weight requires 2.5
kg for chicken, 5 kg for pork and 10 kg for beef in a
typical United States production  system(Smil,
2002).However, the production of 1 kg of live animal
weight of crickets requires as little as 1.7 kg of
feed(Collavo et al., 2005). The growing of fish product
importing in world requires a more interesting solution to
benefit the producers on the use of insect meal to
substitute fish and soybean meal at low costs (Van Huis,
2013). Fortunately, increasing demand for food
(particularly meat, fish and eggs) has led to an urgent
need for new and safe supplies of protein from insect
which provides a potential alternative to animal feed
protein from plant sources(Charlton et al, 2015).The
important role of insects in assuring food and feed
security is due to; their short life spans compared to
most vertebrates, capacity to colonize new niches,
ability to feed on nearly all species of plants with
animals, easily reared on organic side streams (e.g.
manure, pig slurry, industrial by product and compost),
independency of arable land resources and non-
competing with human nutrition(Cassidy et al., 2011,
Veldkamp et al., 2012).

Insects are a class of animals within the
arthropod group that have a Chitin exoskeleton and a
three-part body (head, thorax and abdomen) (Harpe
and McCormack, 2001). They are the most diverse
groups of organisms in the history of life (Scaraffia and
Miesfeld, 2012). Although, insects are the least studied
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of forest organisms (Johnson, 2010), they provide
essential ecosystem services such as pollination,
composting, wildfire protection, pest control, as human
consumption and feed for animals(Losey and Vaughan,
2006). Scientists consider the insect meals a valid
alternative source of animal protein and have studied
the nutritional features, in terms of protein, mineral,
energy value and composition of fatty acid for different
livestock classes. Consequently, their conservation and
the habitats they occupy are of an enormous benefit
(Belluko, et al., 2013, DeFoliart, 2005, Samways, 2007).

In recent years much attention has been
devoted to antimicrobial peptides (AMPs) present in
insects called natural antibiotics due to the increasing
global problem of bacterial, fungal, certain parasitic and
viral resistance to antibiotics. AMPs mechanism of
insect doesn’t induce bacterial resistance and involves
the destruction of the bacterial cell envelope (Park et al.,
2015). However, there are possibilities of using in
agriculture including animal nutrition as well as the
pharmaceutical industry (Yi et al.,, 2014). Moreover,
insects from the Diptera order, e.g. the larvae of the
housefly and black soldier fly have a great ability to
utilize organic waste material that contain moisture (60—
80%) converting it to valuable insect protein in such a
way that they reduce the accumulation of poultry
manure by 50% and reduce bacterial growth in the
manure that results in a reduced odor development and
the growth suppression of significant pathogens
(Cickova et al., 2015, Diener et al., 2011). In addition, if
insects are fed as alternative food sources, they may
add value to other agricultural industries and contribute
to mitigating the impact of climate (Khusro et al., 2012,
Saxe et al., 2013).

Various insect species have a higher proportion
of protein content compared to conventional fish and
soybean meals and also have efficient food conversion
factor (Anand et al., 2008).Animal feeding studies
across insect species and animal production have
shown that palatability of insects is good and they can
replace 25-100% of soy meal or fishmeal depending on
the animal and insect species (Makkar et al., 2014).
Insects contain between 30% and 70% of protein on DM
basis and rich in fats, minerals and vitamins (Veldkamp
et al., 2012). Some insects can accumulate high levels
of lipids and the extracted oil can be used for various
applications including biodiesel production (Makkar et
al., 2014). The nutritional contribution of more than 2,000
recorded edible insect species as food and feed is
highly variable between species and morphological
stages (eggs, larvae, pupae and adults) (Van Huis,
2013).

Insects such as the black soldier fly
(Hermeticaillucens  Linnaeus), common  housefly
(Muscadomestica), Linnaeus, (termites) and yellow

mealworm (Tenebriomolitor) can play dual roles of
recycling of organic by-products into high quality

© 2017 Global Journals Inc. (US)

compost-fertilizers as well as utilization of the maggots
directy as animal feed (Citkovéaet al., 2015).The
objective of this paper is to review utilization of insects
as protein source in animal feed.

[I. POTENTIAL INSECT SPECIES AS ANIMAL
FEED

Insects are the most popular species
comprising 70% of animal species and their biomass
can be very high in some ecosystems (Chapman, 2009).
Most insects are native from the tropical and subtropical
of the world. However, insects are now wide spreading
in tropical and warmer temperate regions between
about 45°N and 40°S (Dieneret al., 2011). There are
insect species that are extremely resistant capable of
dealing with demanding environmental conditions such
as drought, food shortage or oxygen deficiency like
black solder flies larvae ( Dieneret al., 2011).

In recent assessment Van Huiset al. (2013)
reported 246 species of edible insects from 27 countries
in Africa. Later, Ramos-Elorduy (2005) noted that Africa
is one of the most important hotspots of edible insects
biodiversity in the world with 524 species reported from
34 African countries. In Kenya, Nigeria, Tanzania, South
Africa and Uganda, researchers are testing the feasibility
of using insects rather than soybeans and fish meal for
raising poultry and fish.

The most promising insects in animal feeds are
the larvae of the black soldier fly (Hermetiaillucens), the
maggot and pupae of common  housefly
(Muscadomestica), the yellow mealworm or larvae of the
beetle (Tenebriomolitor) as well as blue bottle
(Calliphoravomitoria), termites, blow flies and insect
families belonging to the order Orthoptera including
grasshoppers, crickets and katylids(Ghaly and Alkoaik,
2009). However, insects of the order Blattodea like
American (Periplaneta Americana), German
(Blattellagermanica) and Asian  (Blattellaasahinai)
cockroaches are also interesting candidates (Charlton et
al, 2015).



Table 1. Distribution of insects in some parts of the world

Insect Distribution
Black soldier fly Tropical, subtropical and warm temperate of the world
Housefly Word wide
Mealworm Indigenous to Europe and now distributed worldwide
Grasshoppers and crickets Africa, South America and Asia.
Silkworm Worldwide, mostly Asia and silk producing countries(China, India, Uzbekistan,

Brazil, Thailand and Vietnam)

Sources; (Longview al., 2011 and FAO, 2012).

[11. CHEMICAL CONSTITUENTS OF INSECTS AT
DIFFERENT DEVELOPMENTAL STAGES
Most insects have a high-value feed source rich

in protein, mineral, vitamin and fat. The amount of fat is
extremely variable and depends on the type of diet

which is 15-25% for larvae fed on poultry manure
(Arango Gutierrez et al., 2004), 28% on swine manure
(Newton et al., 2005), and 35% on cattle manure and 42-
49% on oil-rich food waste for black solder fly larvae
(Barry, 2004).

Table 2: Chemical constituents of insects in DM% reported by different authors

Types of insect Chemical Composition Reference

CP CF EE Ash GE (MJ/kg)
Black solder Fly 421+1 7 26.0 +8.3 206+ 6 221 St-Hilaireet al. 2007
larvae
Housefly maggot 50.4 +5.3 57+24 189+ 56 10.1 + 3.3 229+ 1.4 Adesinaet al. 2011
meal
Housefly pupae 70.8 +5.3 15.7 155 +1 7.7+ 21 24.3 Pretorius (2011
meal
Mealworm 528 + 4.2 - 361 +41 31+09 268 + 0.4 Finke, 2002
locust or 573+ 118 85+ 4.1 85+ 3.1 6.6 +25 218+ 2 Alegbeleye et al., 2012
grasshopper meal
House cricket 63.3 + 57 - 173+63 56+24 - Finke, 2002
silkworm  pupae 60.7 +7 39+ 1.1 257+ 9 58+24 25.8 Jintasataporn, 2012
meal (non-
defatted)

Note that DM is dry matter. Values are mean + standard deviation and values without SE is when =1

According to St-Hilaireet al.2007, Adesinaet al
2011, Pretorius 2011, Finke, 2002 and Jintasataporn,
2012, the chemical composition of insects varies
between species, growth stage and management
conditions and the crude protein (CP %) ranges from
41.1-76.1, crude fiber (CF %) from 3.8- 15.7, Ether
extract (EE%) from 5.4- 37.2, ash% from 2.2-26.6 and
gross energy(GE) from 19.8- 27.2 (Table2).

The protein content of insect meals varies
considerably from around 41.1- 76.1 even when the
meals are based on the same insect species (Table2).
The same holds true for the fat content. However, it is
important to note that insect meals compared to
fishmeal contain lower concentration of Methionine and
Calcium which has to be considered when formulating
diets based on insect proteins (Van Broekhovenet al.,

2015, De Marco et al., 2015, Makkaret al., 2014).The fat
content of mealworms fed low protein diets was
significantly lower as compared to high protein diets
(18.9 vs. 26.3 %) (VanBroekhovenet al., 2015).
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Table 3: Mineral content of some insects reported by different authors

Types of

) Reference

insect Ca P K Na Mg Fe Mn Zn Cu

Black solder 75.6 + 17.1 9+4 69 1.3 3.90 1.37 246 108 6 ArangoGutierr
Fly larvae ezetal.2004
Housefly 47+17 16+55 57435 52+24 3444 1+ 0.44 114491 2746  119+118 Odesanya.et

maggot meal al. 2011
Mealworm 27419 78437 8.9 0.9 23+04 57+32 90440 116+24 1641 Klasing.et al.,

2000

House cricket 10.1 +53 7.8=7.9 - - 1.6+0.8 116 £ 58 40.04+10 2154+60 15+7 Finke, 2002
silkworm 38+3 6+23 3.7+25 326+ 67 289 224+ 126 15+ 12 Jintasataporn,

pupae (non- 2012
defatted)

Note that values are mean+ standard deviation except at n=1,

are in mg/kg DM.

The major mineral content of studied insect
were 0.8-92.7, 3.7-22.5, 2.2-9.2, 0.9-7.6 and 0.8-6.2 for
Ca, P, k, Na and Mg in g/kg DM and also the micro was
0.56-393, 5-246, 19-275, and 1-237, for Fe, Mn, Zn and
Cu mg/kg DM respectively. The mineral content of
insects reviewed indicates that there is a need to think
about feed of plant origin substitution by insects for
animal at low cost .It is important that insect meals
compared to fishmeal contain have lower concentration
of ca which has to be considered when formulating diets
based on insect proteins (Table3).

NUTRITIONAL VALUE OF INSECTS FOR
DIFFERENT ANIMAL SPECIES

V.

Numerous studies have been conducted on the
nutritive value and nutrient composition of different
species insects confirming that insects are good
sources of proteins, fat, energy, vitamins and minerals.
The consumption of 100 g of caterpillars, for example,
provides 76% of the daily required amount of proteins
and almost 100% of the daily required amount of

DM, dry matter and all values in g/kg DM except Mn, Zn, and Cu

vitamins for humans and animals. And also Dried
silkworm pupae are composed of about 50% proteins
and 30% lipids ( Mitsuhashi, 2010, Agbidye et al, 2009).

a) Insect protein in poultry production

The poultry industry is one of the fastest-
growing agro-businesses but the use of expensive
maize as a feed ingredient is threatening the survival of
farmers. Feeding poultry with insect based is the best
option for the survival (Krishnan et al. 2011).The insects
were able to transform the low-nutritive waste products
into a high-protein diet in particular as a replacement of
soybean meal in poultry feed. Research conducted by
Ramos Elorduy et al., 2002 confirmed that insects could
be utilized as protein source in poultry feed. More
specifically, the amino acids derived from most
insects‘are superior compared to those from plant
supplements in poultry feed formulations (Bukkens,
2005). They are usually fed live but are also sold
canned, dried or in powder form (Aguilar-Miranda et al.,
2002, Hardouin and Mahoux, 2003, Veldkampet al.,
2012).

Table 4(a): The role of insect in growing chicks and laying hens reported by different authors

C,:Aliisrrsmslf Insect Type Feeding purpose Result Recommendation Reference
In Chicks Black solder As compénent of diet and Good growth and High Concentration up to 93%  Newton et al., 2005

fly larvae substitute of soybean meal  feed conversion efficiency  has significance / above

93% isn’t recommended
Ruralchicken Housefly Supplementation Higher growth rate, 30-50g/d/bird Dankwa et al 2002,
(Ghana and maggot increased hatchability and Ekoue and Hadzi, 2000
Togo) (larvae) meal clutch size

Laying hens Mealworm To replace fishmeal Higher egg-laying ratio 2.4% and There is limited ~ Giannone, 2003

than that obtained with
good quality feed.

information

© 2017 Global Journals Inc. (US)



Table 4(b): The Role of Insects in Broilers reported by different authors

(Xﬁﬁzg Insect Type Feeding purpose Result obtained Recommendation Reference
Broilers Housefly Replacement for Have no distinctive Inclusion rate is <10% in the diet  (Awoniyi,
maggot meal conventional protein organoleptic qualities and  >10% result lower intake due to  2007).
sources and fishmeal to be acceptable by darker color of the meal
consumers
120-day Maggot meal Mixture of dried cassava  Cassava peels-maggots’ With 4:1 ratio Adesina et
broilers (in peels and maggot meal for mixture could replace 50% al., 2011
Nigeria) replacing 0-100% maize ~ maize (29% diet as fed)
grain into save cost
Table 4(c): The role of Insects in Broilers reported by different authors
C,:Alﬁisri;)lf Insect Type Feeding purpose Result obtained Recommendation Reference
Protein quality is like that of soy ~ The addition of 8% CaCO, was Klasinget al.,
meal based broilers. But, low  found to be suitable to increase Ca. 2000.
Mealworm For replacing soy meal or  methionine and Ca content for Anderson, 2000
Broilers fishmeal. poultry.
Dried Mealworm  Inclusion of broiler starter ~ Without negative effects on feed Inclusion level is 25% mealworm,  RamosElorduyet
diet based on sorghum and consumption, weight gain, feed asa substitution of the basal diet al., 2002
soybean efficiency, texture, palatability or Schiavone etal,
inclusion level 2014
Broilers  grasshopper As a substitute for fishmeal Resulted in higher body weight  Replace50% fishmeal protein with  Adeyemoet al,
1-28 days gain, feed intake and feed locust meal 1.7% in the diet. 2008

conversion

According to different studies conducted in the
above (table4), insect meal is an interesting and
important  substitute of poultry diet potentially
substituting wide range of feed staff like cassava peels,
sorghum, fish meal, maize and soy meal. However,
some insect species have no distinctive organoleptic
quality which leads lack of consumer acceptance.
Generally, when insects were included in poultry feed,
the carcass quality, breast muscle portions, feed
consumption, weight gain, feed efficiency, texture,
palatability and higher egg-laying ratio was found to be

better at a recommended levels of inclusion than other
conventional good quality feed.

b) Insect protein in Aquaculture production

Recent high demand and consequent prices for
fishmeal together with increasing production pressure
on aquaculture has led to undertaking research into the
development of insect proteins for aquaculture and
making insects more cost-effective dietary fishmeal
substitutes (Fao, 2012b).

Table 5(a): The role of insect in Aquaculture production reported by different authors

Feeding purpose

Result obtained

Recommendation

Reference

Fish species Insect Type
Blue tilapia Chopped
black solder
fly larva
Rainbow trout
fishes Mealworm
African catfish Meal of
adultgrassho
pper

Alone or in
combination with
commercial feed

As replacement of
fishmeal in a diet
containing 45% Cp

To replace fishmeal
(weight basis

Improve weight gain higher
by 140% and 28%feed
conversion
Without a growth
performance reduction,
leading to a saving of
fishmeal.
Resulted without any
adverse effect on growth
and nutrient utilization at the
same protein level in the
diet.

Not the same as tilapia in
another fish(reduction of
performance is observed)

Inclusion level at 25% and can Gascoet al., 2014a

be used up to 50%

Inclusion>25%decreased
digestibility, performance, a
little shrinkage in gills,
reduction in ovarian steroid
genesis which may reduce
fertility

Sealeyet al.,2011

Alegbeleye et al.,

2012, Johriet al.,

2010;Johriet al.,
2011a, b
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Table 5 (b): The role of Insects in Aquaculture Production

Fish species Insect Type  Feeding purpose Result obtained Recommendation Reference
Blue tilapia Chopped Alone orin Improve weight gain higher Not the same as tilapia in Sealeyet al.,2011
black solder combination with by 140% and 28%feed another fish(reduction of
fly larva commercial feed conversion performance is observed)
Rainbow trout As replacement of Without a growth Inclusion level at 25% and can  Gascoet al,, 2014a
fishes Mealworm fishmeal in a diet performance reduction, be used up to 50%
containing 45% Cp leading to a saving of
fishmeal.
African catfish Meal of To replace fishmeal Resulted without any Inclusion>25%decreased Alegbeleye et al.,
adultgrassho (weight basis adverse effect on growth digestibility, performance, a 2012, Johriet al.,
pper and nutrient utilization at the little shrinkage in gills, 2010;Johriet al.,

same protein level in the
diet.

reduction in ovarian steroid
genesis which may reduce
fertility

2011a, b

In aquaculture production for better economic
benefit at low cost and quick returns, inclusion of insect
meal is one of the alternative feed sources that can
substitute Fishmeal, Soybean alone or in combination
with commercial feed like cattle brain meal, feather meal
and chicken offal meal at different level of inclusion for
different fish species (Table5b).

Insect protein as supplement or substitute on
aquaculture production improves fish productivity which
could replace 50 % fish meal without adverse effect on
weight gain, specific growth rate and feed conversion
varying between fish species and inclusion level.

However, inclusion rate <7.5% is unnecessary and
chopping is recommended in channel fish. Maggot meal
gave better performance than soy meal and lower
performance than cattle brains in African catfish (Table5

b).
c)

Insect protein in Swine production

According to (Adeniji, 2008, Medhi et al., 2009a,
b) insects were able to transform the low-Nutritive waste
products into a high-protein diet as a replacement of

soybean meal in swine feed.

Table 6: Pig performance evaluation under diet inclusion with insect meal

Class of

Animal Insect Type Feeding purpose Result obtained Recommendation  Reference
Growing pigs Black solder fly As replacement of soy meal Good performance without High ash content, Newton
larvae supplementation of Ca and P require attention et.al,2005
Black solder fly Without Amino acid Gave better performance at 50% mix Cuticle removal and Newton
larvae supplement rendering is necessary  et.al,2005
Weaned Pig
House fly larvae Processed and as No adverse effect on performance At ratio of 3;1 or at 10%  Adenji,2008
replacement of wheat offal inclusion
To replace up to 100% of no adverse effect on growth =>50% have negative
soy meal performance, carcass characteristics effect on intake
Finishing pigs Silkworm pupae and blood parameters
non-defatted Medhiet al.,
silkworm 2009g, b
To replace up to 100% fish no adverse effect on growth Could fully replace Medhi, 2011.
meal performance, carcass characteristics fishmeal
and blood parameters
Silkworm litter To replace fish meal no adverse effect on growth inclusion rate is about  Wang et al.,
performance, carcass characteristics 7% but, shouldn't = 2007

and blood

10%

In different classes of pigs’ utilization of insect
as a substitute or supplement have no adverse effect on
growth performance, carcass quality and interest of
consumers within  recommended inclusion level for
specified species of insects (Table6).

© 2017 Global Journals Inc. (US)

V.

INSECT MEALS VIS-A-VIS FISHMEAL AND

Soy MEAL IN ANIMAL FEED

Insect meals

are

the important dietary

substitutes of plant origin. Because plant production
competes with human food and expensive compared
with insect production and have environmental impact.
Moreover, chemical constituent of fish meal and soy
meal is less or equal to insects.



Table 7. Comparison of some insect’'s meal with soy meal and fish meal

Constituents % in DM) Housefly maggot meal Silkworm pupae meal Fishmeal Soy meal
Crude protein 50.4 - 62.1 60.7 -81.7 70.6 51.8
Lipid 18.9 25.7 9.9 2.0
Calcium 0.47 0.38 4.34 0.39
Phosphorus 1.60 0.60 2.79 0.69

Source FAO, 2011 and 2013
VI. BARRIERS FOR INCLUSION OF [NSECT
PROTEIN IN ANIMAL FEED

Not all insects are safe to use in animal feed.
Just as it applies for plant and animal food Products

some insects cause allergic reactions, botulism,
parasitizes and food poisoning (Yen, 2010). For
example, the pupae of the African silkworm

(Anaphevenata) contains a thiaminase and can cause
thiamine deficiency and responsible for a seasonal
ataxic syndrome (Okazaki & Akai, 2000).

However, all these health risks can be
prevented by utilization of scientifically recommended
insect species reared on pollutant-free feed either
harvested in the wild or on farms with proper
processing, handling and storage facilities (Schabel,
2010).

VII. THE ROLE OF INSECTS IN REDUCING THE
ENVIRONMENTAL [MPACT OF LIVESTOCK
[NTENSIFICATION

About 20 percent of the world’s pastures and
rangeland have been degraded to some extent and the

proportion may be as high as 73 percent in dry areas
(UNEP, 2004). To reduce the environmental impact
(through deforestation) due to intensification of livestock
production, the protein-rich insects are one of the
options which are being considered as an alternative to
conventional protein sources (Khusroet al., 2012).

Among insect species only cockroaches,
termites and beetles produce CH4 which originates from
bacterial fermentation by Methanobacteriaceae in the
hindgut (Egert ef al., 2003). More importantly insect’s
species such as mealworm larvae, crickets and locusts
which are favorably lower by a factor of about 100 with
pigs and beef cattle in their GHG emissions (Oonincx et
al., 2010) suggesting that they are the inevitable option
in reducing GHG emission.

Table 8: Production of GHG and Ammonia in three insect species, pig and beef

Emission Meal worm Cricket Locust Pig Beef
GHG 50 (insignificant) 50(insignificant) 100 200- 2500-2800
1000
Ammonia 10 (insignificant) 100 50 1100 Not specified

NB.The unit used in measuring emission was; for GHG=g/kg mass gain and mg/day/kg mass gain.

Source (Ooninck. et al., 2010)

VIII.  SUMMARY AND CONCLUSION

» Based on the comprehensive research finding
obtained from different researchers, it is possible to
come up with concrete conclusion that insect meals
are a valid, cost effective and highly nutritive
alternative source of animal protein potentially
utilized as a supplement and or sole source of
nutrients particularly protein meeting the overall
nutrient requirements of various animal species.

» According to the current reviews, various insect
species have 30% -70% of protein on DM basis and
rich in fats, minerals and vitamins content and have
efficient food conversion factor compared to
conventional fish and soybean meals which are
reported to be very expensive and unaffordable for
small scale farmers engaged in livestock rearing.

» The palatability of the diets containing insect meals
is good and can replace soybean and fishmeal in
the diets of poultry, fish and pig based on feeding
studies conducted by different researchers.
However, in the future further availability of different
species of insect meals should be conducted to
provide impetus for upcoming detailed research on
evaluation of insects as alternative feed resources in
ruminant livestock as well.

» In laying hens maggots could replace up to 50% of
fishmeal at inclusion 5% in diet without any adverse
effects. However 100% replacement produced
negative effects on egg production. For broilers, the
optimum level of their inclusion is generally < 10%
like meal worm without any adverse effects;
however it is important to note that insect meals
compared to fishmeal contain lower concentration
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of Methionine and Ca which has to be considered
when formulating diets based on insect proteins. It
appears that grasshopper meal could be added into
the diets of broilers at 2.5% (as a substitute for
fishmeal). Mormon cricket can be up to 30% without
any adverse effects.

In fish species 25-40% replacement of insect meal
as substitute of fishmeal does not affect growth
performance in catfish. In various fish species
(African catfish, walking fish and Nile tilapia) the
studies suggested that 25% of fishmeal can be
replaced with grasshopper meal without any
adverse effects and for some species inclusion up
to 40% is recommended. From the output of
experiments conducted in growing and finishing
pigs, it could be concluded that defatted silkworm
meal could replace 100% of soy meal or fishmeal.
Some insect meals, for example (black soldier fly
larvae, housefly maggot meal, mealworm and
silkworm) contain as high as 36% oil which can be
used for the preparation of biodiesel. However, high
content of oil could decrease fiber digestion in the
rumen in such a way that it creates unfavorable
condition for optimum rumen fermentation.
Therefore, such species of insects should be
defatted to ensure normal rumen fermentation.
Insect meals (e.g. black soldier fly larvae) contain
high levels of ash and hence their higher levels of
inclusion in the diet, especially of mono-gastric, can
decrease its intake and cause other adverse effects.
Furthermore, black solder fly larvae has high
content of Ca which is around (7.5%) and other
insects containing low content of Ca which need be
supplemented with Ca in the ration.

IX. THE WAY FORWARD

Currently, insect rearing is done at a small scale. So
that, there is a need for establishing cost-effective
well-optimized mass insect rearing facilities for a
defined quality of animal product.

To use insects as alternative sustainable protein rich
ingredient in poultry, Fish and pig diets, it requires
production of insect at large scale up on
undertaking utilization of bio-waste and organic side
stream.

There is a need in developing countries to establish
intensive insect rearing to enhance livestock
productivity ultimately ensuring food security. This
can be achieved when different stakeholders share
Coordinated responsibilities. First the Government
should create awareness on how to establish insect
rearing farms up on utilizing of locally available
insects species, biowates and organic side streams
to different stakeholders engaged in livestock
rearing and collaborately working with various
governmental and nongovernmental such those

© 2017 Global Journals Inc. (US)

working in agriculture, livestock resource, fishery
developments, health and environment.

For obtaining safe insect meals in animal feed,
setting up of sanitation procedures on bio-wastes,
disease management, application of heavy metals
and pesticides needs to be considered.

While feeding insects’ meal to livestock, we should
also consider its impacts on animal and human
health point of view.

To reduce environmental effect of protein rich
animal feed derived from plant and animal sources,
insect should be encouraged as substitute or
supplementation.

REFERENCES REFERENCES REFERENCIAS

Adeniji and A. A. 2008. The feeding value of rumen
content-maggot meal mixture in the diets of early
weaned piglets Asian J. Anim. Vet. Adv. 3, 115-119.
Adesina, M. A, Adejinmi, O. O., Omole, A. J,
Fayenuwo, J. A., and  Osunkeye, O., 2011,
Performance of broilers' finishers fed graded levels
of cassava peel -maggot meal- based diet mixtures.
J. Agric Forest. Soc. Sci. 9, 226-231.

Adewolu, M. A., lkenweiwe, N. B., and Mulero, S. M.,
2010.Evaluation of an animal protein mixture as a
replacement for fishmeal in practical diets for
fingerlings of Clariasgariepinus(Burchell, 1822)
Israeli J. Aquacult. - Bamidgeh, 62, 237-244.
Adeyemo, G. O., Longe, O. G., Lawal, and H. A,

2008. Effects of feeding desert locust meal
(Schistocercagregaria) on  performance and
haematology of broilers.  Tropentag 2008,

Hohenheim.

Agbidye, F. S., Ofuya, T. |, and Akindele, S. O.
(2009) Marketability and nutritional qualities of some
edible forest insects in Benue State Nigeria Pakistan
Journal of Nutrition, 8, 917-922.St-Hilaire, S.,
Cranfill, K., McGuire, M. A., Mosley, E. E.,
Tomberlin, J. K., Newton, L., et al.(2007). Fish offal
recycling by the black soldier fly produces foodstuff
high inomega-3 fatty acids. Journal of the World
Aquaculture Society, 38, 309-313.

Aguilar-Miranda, E. D., Lopez, M. G., Escamilla-
Santana, C., Barba de la Rosa, and A P,
2002.Characteristics ~ of  maize flour tortilla
supplemented with ground Tenebriomolitorlarvae. J.
Anderson, S. J., 2000. Increasing calcium levels in
cultured insects. Zoo Biology, 19, 1-9 Agric. Food
Chem. 50, 192-195.

Alegbeleye, W. O., Obasa, S. O., Olude, O.Otubu,
K., Jimoh, and W., 2012. Preliminary evaluation of
the nutritive value of the variegated grasshopper
(ZonocerusvariegatusL.)  for  African  catfish
Clariasgariepinus(Burchell. 1822) fingerlings.
Aquacult. Res. 43, 412-420.



10.

11.

12.

13.

14.

15.

16.

17.

Alexandratos, N. and Bruinsma, J., 2012. World
agriculture towards 2030/2050: the 2012 revision
Global Perspective Studies Team, ESA Working
Paper no. 12-03, Agricultural  Development
Economics  Division Food and  Agriculture
Organization of the United Nations Rome, Italy.
Anand, H., Ganguly, A. and Haldar, P., 2008.
Potential value of accreditsas high protein
supplement for poultry feed. International Journal of
Poultry Science 7: 722-725.

Anand, H., Ganguly, A., and Haldar, P., 2008.
Potential value of acridids as high protein
supplement for poultry feed. Int. J. PoultSci 7, 722-
725and the environment Am J. Clin.Nutr., 78: 660S—
663S.

Arango Gutierrez, G. P., Vergara Ruiz, R. A., and
Mejia Velez, H. 2004. Compositional,
microbiological and protein digestibility analysis of
larval  meal of  Hermetiaillucens  (Diptera:
Stratiomyidae) at Angelopolis-Antioquia, Colombia.
Revista — Facultad Nacional de Agronomia Medellin,
57, 2491-2499.

Amold van Huis, Joost, Van ltterbeeck, Harmke,
Klunder, Esther Mertens, Afton Halloran, Giulia Muir
and Paul Vantomme; Edible insects: future
prospects for food and feed security.

Awoniyi, T. A. M., Adebayo, |. A. and Aletor, V. A,
2007. A study of some erythrocyte indices and
bacteriological analysis of broiler-chickens raised on
maggot-meal based diets. Int. J. Poult. Sci. 3, 386-
390.

Barroso G., de Haro C., Sanchez-Muros M.-J.,
Venegas E., Martinez-Sanchez A. and Pérez-Bafén
C. (2014)The potential of various insect species for
use as food for fish. Aquaculture, 422-423, pp. 193-
201,

Barry, T. 2004.Evaluation of the economic, social,
and biological feasibility of bioconverting food
wastes with the black soldier fly (Hermetiaillucens).
PhD Dissertation, University of Texas, August 2004,
176 pp.

Belluco, S., Losasso, M., Alonzi, C.C., Paoletti, M.G.
and Ricci, A., 2013. Edible insects in a food safety
and nutritional perspective: a critical review.
Comprehensive Reviews in Food Science and Food
Safety 12: 296-313.

Bovera F., Loponte R., Marono S., PiccoloG., Paris
G., laconisiV., Gaco L. and Nizza A. (2015). Use of
Tenebriomolitorlarvae meal as protein source in
broiler diet: Effect on growth performance, nutrient
digestibility, and carcass and meat traits. J. Anim.
Sci., 94: 639-647.

Bukkens, S.G.F. 2005. Insects in the human diet:
nutritional aspects. In: Paoletti, M.G. (ed.) Ecological
implications of minilivestock: role of rodents, frogs,
snails, and insects for sustainable development.

18.

19.

20.

21.

22.

283.

24.

25.

26.

27.

28.

Science Publishers, Enfield, CT, USA, pp. 545-577
by insects. BioScience, 56(4): 311-323.

Cassidy, E.S., West, P.C., Gerber, J.S. and Foley,
J.A., 2013. Redefining agricultural vyields: from
tonnes to people nourished per hectare
Environmental Research Letters 8: 034015.
Chakravorty, J., Ghosh, S., & Meyer-Rochow, V. B.
(2011) Practices of entomophagyand
entomotherapy by members of the Nyishi and Galo
tribes, two ethnic groups of the state of Arunachal
Pradesh (North-East India). Journal of Ethnobiology
and Ethnomedicine, 7, 5.

Charlton, M. Dickinson1, M.E. Wakefield1, E.
Fitches1, M. Kenis2, R. Han3, F. Zhu4, N. Kone5, M.
Grant6, E. Devic7,8, G. Bruggeman9, R. Prior10 and
R. Smith10,2015,Exploring the chemical safety of fly
larvae as a source of protein for animal feed.
Ci¢kova H., Newton G.L., Lacy R.C. and Kozanek
M. (2015).The use of fly larvae for organic waste
treatment. Waste Manage., 35: 68-80

Collavo, A., Glew, R.H.,, Huang, Y.S., Chuang,
L.T.,Bosse, R. &Paoletti, M.G. 2005

Dankwa, D., Nelson, F. S., Oddoye, E.OK. and
Duncan, J. L., 2002 Housefly larvae as a feed
supplement for rural poultry Ghana J. Agric. Sci. 35,
185-187

DeFoliart, G.R. 2005.An overview of role of edible
insects in preserving biodiversity In M.G. Paoletti,

ed., Ecological implications of minilivestock:
potential of insects, rodents, frogs and snails. pp.
123-140. New Hampshire, USA, Science
Publishers.

DeMarco M., Martine S. Hernandez F., Madrid J.,
GaiF., Rotolo L., Belfor-ti M ., Bergero D ., Katz H.,
Dabbou S., Kovitvadhi A., Zoccarato |., Gas -coL.
and Schiavone A. (2015). Nutritional value of two
insect larval meals (Tenebriomolitor  and
Hermetiaillucens) for broiler chickens: Apparent
nutrient  digestibility, apparent ileal amino
aciddigestibility and apparent metabolizable energy.
Anim. Feed Sci. Technol., 209: 211-218.

Diener S., ZurbriggC., Gutiérrez F.R., Nguyen D.H.,
Morel A., Koottatep T. and Tockner K. (2011).
Black soldier fly larvae for organic waste treatment —
prospects and constraints. Proc. Waste Safe — 2nd

International  Conference on  Solid  Waste
Management in the Developing Countries, Khulna,
Bangladesh.

Ekoue, S. K., and Hadz, Y. A, 2000 Maggot
production as a protein source for young poultry in
Togo - Preliminary observations. Tropicultura 18,
212-214.

FAO, 2004. Contribution of forest insects to food
security: the example of caterpillars in Central Africa.
Non-Wood Forest Products working document 1.
FAO, Rome, Italy, 120 pp.

© 2017 Global Journals Inc. (US)

Global Journal of Science Frontier Research (D) Volume XVII Issue II Version I E Year 2017



(D) Volume XVII Issue II Version I

Research

Frontier

Global Journal of Science

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

© 20

FAQ, 2013. Edible insects: future prospects for food
and feed security.

FAO, 2009a. How to feed the world in 2050.Paper
presented at the High Level Expert.

FAO, 2012. FAOSTAT Food and Agriculture
Organization of the United Nations.

FAO,2011.World Livestock 2011 —Livestock in food
security Food and Agriculture Organization of the
United Nations (FAQ), Rome.

Fiala, N.2008..Meeting the demand: an estimation
of potential future greenhouse gas emissions from
meat production. Ecological Economics, 67: 412—
419,

Finke MD (2002). Complete nutrient composition of
commercially raised invertebrates used as food for
insectivores. Zoo Biology, 21(3): 269-285.

Forum, Rome, ltaly, 12-13 October (available at
www.fao.org/fileadmin/templates/

Gasco, L., Gai, F., Piccolo, G., Rotolo, L., Lussiana,
C., Molla, P. and Chatzifotis, S., 2014. Substitution
of fish meal by Tenebriomolitormeal in the diet of
Dicentrarchuslabraxjuveniles Abstract book
Conference ‘“Insects to Feed The World”, The
Netherlands 14-17 May 2014, pp. 80

Gerber, P.J., Steinfeld, H.,Henderson, B., Mottet, A.,
Opio, C., Dijkman, J., Falcucci, A. & Tempio, G.
2013 Tackling climate change through livestock — A
global assessment of emissions and mitigation
opportunities. Food and Agriculture Organization of
the United Nations (FAO) Rome.

Ghaly, ae. &alkoak, fn. (2009) the vyellow
mealworm as a novel source of protein. American
Journal of Agricultural and Biological Sciences, 4:
319-331. doi:10.3844/ ajabssp.2009.319.331.
Giannone, M., 2003. A natural supplement made of
insect larvae. Rivista di Avicoltura, 72, 38, 40-41.
Hardouin, J. andMahoux, G., 2003. Zootechnied’
insects — Elevageetutilisation au bénéfice de
'hommeet de certainsanimaux. Bureau pour
I'Echangeet la Distribution de [l'Informationsur le
Mini-élevage (BEDIM), 164 p.

Harpe, D. &McCormac,D2001. Online Etymological
Dictionary.  (Available at www. Logo Bee.com).
Accessed on 1 November 2012 .

Hwangbo, J., Hong, E. C,, Jang, A., Kang, H. K,
Oh, J. S., Kim, B. W. and Park, B. S., 2009.Utilization
of house fly-maggots, a feed supplement in the
production of broiler chickens. J. Environ Biol. 30,
609-614 insects as animal feed. Anim. Feed Sci.
and Technol.197: 1-33.

Jintasataporn, O., 2012. Production performance of
broiler chickens fed with silkkworm pupa
(Bombyxmori). J. Agric. Sci. Technol. A, 2, 505-510
Johnsen, T.E. 2010. Supplier involvement in new
product development and innovation: Taking stock
and looking to the future. Journal of Purchasing and
Supply Management 15: 187-197.

17 Global Journals Inc. (US)

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Johnso, D.V2010.the contribution of edible forest
insects to human nutrition and to forest
managementin P.B. Durst, D.V. Johnson, R.L. Leslie
& KShono. Forest insectsas food: humans bite
back, proceedings of a workshop on resources and
their potentialfor development, pp. 5-22. Bangkok,
FAO Regional Office for Asia and the Pacific.

Johri, R., Singh, R. and Johri, P. K. 2010. Effect of
different formulated plant and animal diet on
hematology of Clariasbatrachus Linn  under
laboratory conditions. Biochem. Cell Arch. 10, 283-
291.

Johri, R., Singh, R. and Johri, P. K., 2011.
Histopathological examination of the gill, liver,
kidney, stomach, intestine, testis and ovary of
Clariasbatrachus Linn during the feeding on
different formulated feeds. J. Exp. Zool., India, 14,
77-79.

Khusro, M., Andrew, N. R. and Nicholas, A., 2012.
Insects as poultry feed: a scoping study for poultry
production systems in Australia. World Poult. Sci. J.
68, 435-446.

Kinyuru, J.N., Konyole, S.O., Roos, N., Onyango,
C.A., Owino, V.O., Owuor, B.O., Estambale, B.B.,
Friis, H., Aagaard Hansen, J., Kenji, G.M. and
Glaston, M. 2013. Nutrient composition of four
species of winged termites consumed in western
Kenya. Journal of Food Composition and Analysis,
30(2): 120-124.

Klasing, K. C., Thacker, P., Lopez, M. A. and
Calvert, C. C., 2000. Increasing the calcium content
of mealworms (Tenebriomolitor) to improve their
nutritional value for bone mineralization of growing
chicks J. Zoo Wildlife Med. 31, 512-517.

Krishnan, R., Sherin, L., Muthuswami, M.,
Balagopal, R. &Jayanthi, C. 2011 Seri waste as feed
substitute for broiler production Sericologia, 51(3):
369-377.

Losey, J.E. & Vaughan, M. 2006. The economic
value of ecological services provided by insects.
BioScience, 56(4): 311-323.

Makkar, H.P.S., Tran, G., Heuze, V. and Ankers, P.,
2014. State-of-the-art on use of insects as
food and feedatthias C. schabel, Glen R. Morew,
karen Y.oh, charylA.walczak, RBrad, BarlewleihA
Neumayer 2010 Pharmacokinetic Mapping for
lesion classification in dynamic breast MRL.

Medhi, D., 2011. Effects of enzyme supplemented
diet on finishing crossbred pigs at different levels of
silk worm pupae meal in diet. Indian J. Field Vet 7,
24-26.

Medhi, D., Math, N. C., and Sharma, D. N. 2009.
Effect of silk worm pupae meal and enzyme
supplementation on blood constituents in pigs
Indian Vet. J. 86, 433-434.

Mekonnen, M.M. and Hoekstra, A.Y. 2012. A Global
Assessment of the Water Footprint of Farm Animal



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Products. Ecosystems 15, 401-415. Minilivestock:
potential of insects, rodents, frogs and snails. pp.
519-544. New Hampshire, Science Publishers.
Mitsuhashi, J. 2010. The future use of insects as
human food. In P. B. Durst, D. V. Johnson, R. N.
Leslie, & K. Shono (Eds.), Forest insects as food:
Humans bite back. Proceedings of a workshop on
Asia-Pacific resources and their potential for
development, Chiang Mai, Thailand, 19-21
February, 2008 (pp. 115-122).

Newton L., Sheppard C., Watson D.W., Burtle G.
and Dove R. 2005. Using the black soldier fly,
Hermetiaillucens, as a value-added tool for the
management of swine manure In Report for Mike
Williams, Director of the Animal and Poultry Waste
Management Center, North  Carolina  State
University, Raleigh, NC, 17.

Newton, G. L., Sheppard, D. C., and Burtle, G,
2008. Black soldier fly prepupae: a compelling
alternative to fish meal and fish oil. Public comment
on alternative feeds for aquaculture, NOAA
15/11//2007 - 29/2/2008.

Nikos Alexandratos and JelleBruinsma, 2012. World
agriculture towards 2030/2050,Esa Working Paper
No. 12-03.

Odesanya, B. O., Ajayi, S. O., Agbaogun, B. K. O,
and Okuneye, B., 2011.Comparative evaluation of
nutritive value of maggots. Int. J. Sci. Engin. Res., 2
Okazaki H, Akaki,H, alishimuneT',and watanaba Y,
2000. Thiamin is decompoossed due to
Anaphespp. enthomophagy in seasonal ataxia
patients in Nigeria.

Ossey, Y. B., Koumi, A. R., Koffi, K. M., Atse, B. C.
and Kouame, L. P., 2012. Use of soybean, bovine
brain and maggot as sources of dietary protein in
larval Heterobranchuslongifilis (Valenciennes, 1840).
J. Anim. Plant Sci. 15, 2099-2108.

Park C.H., Hahm E.R., Park S., Kim H.K., and Yang
C.H. 2015. The inhibitory mechanism of curcumin
and its derivative against B-catenin/Tcf signaling
FEBS Letters, 579: 2965-2971.

Pimentel, D. & Pimentel, M. 2000 Sustainability of
meat-based and plant-based diets Pretorius Q.

(2011) the evaluation of larvae of
Muscadomestica(common house fly) as
proteinsource for broiler production, Doctoral

dissertation, Stellenbosch University.

Ramos - Elorduy J. andPino J.M. (2002).Edible
insects of Chiapas, Mexico. Ecol. Food Nutr,,
41:271-299.

Ramos Elorduy, J. 2005. Insects: a hopeful food
source. In M.G. Paoletti, ed. Ecological implications
of minilivestock; role of rodents, frogs, snails and
insects for sustainable development pp 263-291
New Hampshire, Science Publishers.

Rumpold, B.A. and Schltter, O.K., 2013 Potential
and challenges of insects as an innovative source

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

for food and feed production. Innovative Food
Science and Emerging Technologies 17: 1-11.
Schabel, H. G. (2010). Forest insects as food: A
global review. In P. B. Durst, D. V.Johnson, R. N.
Leslie, & K. Shono (Eds.), Forest insects as food:
Humans bite back (pp. 37-64). Bangkok, Thailand:
FAO.

Schiavone A., De Marco M., Rotolo L., Belforti M.,
Martinez Miro S., MadridSanchez J., Hernandez
Ruiperez F., Bianchi C., Sterpone L., Malfatto V.,
Katz H., Zoccarato |.,Gai F., and Gas c o L. (2014).
Nutrient  digestibility of Hermetiaillucens and
Tenebriomolitormeal in broiler chickens Proc.
Conference Insects to Feed The World,
AbstractBook, The Netherlands, 14-17.05.2014, p.
84

Sealey W. M., Gaylord, T. G., Barrows, F. T,
Tomberlin, J. K., McGuire, M. A, Ross, C., and St-
Hilaire, S., 2011. Sensory analysis of rainbow trout,
Oncorhynchusmykiss, fed enriched black soldier fly
prepupae, Hermetiaillucens. J. World Aquacult. Soc.
42, 34-45

Soil Association, 2013. Action plan for Organic
poultry; Pg 5Steinfeld, H.,Gerber, P., Wassenaar, T.,
Castel, V., Rosales, M. & de Haan, C, eds. 2006.
Livestock’s long shadow: environmental issues and
options. Rome, FAQO.

Thorne, P.5.2007. Environmental health impacts of
concentrated animal feeding operations:
anticipating hazards: searching for solutions.
Environ. Health Perspect., 115: 296-297.

Tilman, D., Cassman,K.G., Matson, P.A., Naylor, R.
& Polasky, S.2002. Agricultural sustainability and
intensive production practices. Nature, 418: 671-
677.

UNEP,2004. A global and regional overview of key
environmental events and developments.

Van Broekhoven S., Oonincx D.G.A.B, Van Huis
A.and Van Loon J.J.A. (2015). Growth performance
and feed conversion efficiency of three edible 4
mealworm species (Coleoptera: Tenebrionidae)on
diets composed of 5 organic by-products. J. Insect
Physiol., 73: 1-10.

Van Huis A. 2013.Potential of insects as food in
assuring food security Annu. Rev. Entomol. 58, pp.
563-583.

Veldkamp, T. G. van Duinkerken, A. van Huis,
C.M.M. Lakemond, E. and Ottevanger, E., and
M.A.J.S van Boekel,2012. Insects as a sustainable
feed ingredient in pig andpoultrydiets. A feasibility
study. Wageningen UR Livestock Research, Report
638.

Verkerk, M.C., Tramper, J., Van Trijp, J.C.M. and
Martens, D.E., 2007.Insect cells for human food.
Biotechnology Advances 25: 198-202.
Wang Dun, ZhaiShaoWei, Zhang
BaiYaoYu, AnShiHeng, and XuYingNan,

ChuanXi,
2007.

© 2017 Global Journals Inc. (US)

Global Journal of Science Frontier Research (D) Volume XVII Issue II Version I E Year 2017



81.

82.

Global Journal of Science Frontier Research (D) Volume XVII Issue II Version I E Year 2017

83.

84.

Evaluation on nutritional value of field crickets as a
poultry feedstuff.

YiH. Y., Chowdhury M., Huang Y.D. and
YuX.Q.(2014). Insect antimicrobial peptides and
their applications. Appl.Microbial. Biotechnol., 98:
5807-5822.

Yen AL (2005). Insects and other invertebrate foods
of the Australian aborigines. In M.G. Paoletti, ed.
Ecological implications of minilivestock: potential of
insects, rodents, frogs and snails, New Hampshire,
USA, Science Publishers, pp. 367-388.

Yen, A.L2010. Edible insects and other invertebrates
in Australia: future prospects. In P.B. Durst, D.V.
Johnson, R.L. Leslie. & K. Shono, Forest insects as
food: humans bite back, proceedings of a workshop
on Asia-Pacific resources and their potential for
development. pp. 65-84. Bangkok, FAO Regional
Office for Asia and the Pacific.

Zhang, J.B., Zheng, LY., Jin, P., Zhang, D.N., and
Yu, Z.N. 2014b. Fishmeal substituted by production
of chicken manure conversion with microorganisms
and black soldier fly Abstract book Conference
“Insects to Feed the World”, The Netherlands 14-17
May 2014, pp. 153.

© 2017 Global Journals Inc. (US)



GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: D
M AGRICULTURE AND VETERINARY
el \/olume 17 Issue 2 Version 1.0 Year 2017
Type : Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)
Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Assessment of Farmers’ Perception on Performance of
Different Disseminated Breeding Ram and their Cross to
Damot Sore and Merab Badewacho Worda, Southern Ethiopia

By Kebede H/giorgis & Zekarias Bassa

Abstract- Near to 99.99 percent of sheep breeds in southern region is in the traditional way, in
which indigenous breeds and types predominate. Indigenous sheep genetic improvement via
50% Dorper crossed ram introduction and community based sheep breed improvement, are
found mostly under taken by southern agricultural research centre.50% Dorper crossed ram,
Bonga and doygena ram were widely distributed to different agroecology of the region. The
objective of this paper is to assess the productive performance of introduced ram based farmer
perceptions and to analyze performance of the introduced breeding ram in Damot sore and
Merab Badewacho worda southern Ethiopia. Community based improved Doygena ram were
preferred for their ability to produce multiple birth, for its attractive coat color, its resistance to
health problem in Damot sore while in Merab Badewacho the breed perform less significant.

Keywords: breeding sheep, farmer perception, damot sore, merab badewacho.
GJSFR-D Classification: FOR Code: 079999

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Strictly as per the compliance and regulations of :

© 2017. Kebede H/giorgis & Zekarias Bassa. This is a research/review paper, distributed under the terms of the Creative
Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Assessment of Farmers’ Perception on
Performance of Different Disseminated Breeding
Ram and their Cross to Damot Sore and Merab

Badewacho Worda, Southern Ethiopia

Kebede H/giorgis “ & Zekarias Bassa °

Abstract- Near to 99.99 percent of sheep breeds in southern
region is in the traditional way, in which indigenous breeds and
types predominate. Indigenous sheep genetic improvement
via 50% Dorper crossed ram introduction and community
based sheep breed improvement, are found mostly under
taken by southern agricultural research centre.50% Dorper
crossed ram, Bonga and doygena ram were widely distributed
to different agroecology of the region. The objective of this
paper is to assess the productive performance of introduced
ram based farmer perceptions and to analyze performance of
the introduced breeding ram in Damot sore and Merab
Badewacho worda southern Ethiopia. Community based
improved Doygena ram were preferred for their ability to
produce multiple birth, for its attractive coat color, its
resistance to health problem in Damot sore while in Merab
Badewacho the breed perform less significant. Bonga ram
and its f1 appreciated for fast growth and good adaptability in
Merab Badewacho whereas in Damot Sore it could not
perform at it is expected. Comparative performances based
on farmer view show that Dorper cross were preferred for its
docile behavior in Damot sore Worda. Farmer in Damot Sore
Worda appreciated the doygena ram for its sexual
performance/libido. Most of the respondents reported Dorper
and its cross is not easily marketable. It is suggested that in
Damot Sore worda more opportunity were existed to introduce
improved Doygena, Bonga and Dorper ram while in Merab
Badewacho efforts should be directed to develop local sheep
selection or infroduced Bonga ram to smallholder farmer.

Keywords. breeding sheep, farmer perception, damot

sore, merab badewacho.
[.  INTRODUCTION

o0 improve productivity of indigenous sheep
TSouthern agricultural research Centre has applies

its effort in many directions. one of the option was
CBBI through natural selection and distribution of first
best ranked ram to different agroecology of the region.
Bonga and Areka agricultural research Centre
established a cooperative for continuous supply of
Bonga and DoyoenaCBBI improved ram. For the last 4
consecutive years near breeding ram were distributed
across different agroecology. Most documented work
on the productive performance of indigenous sheep

Author e o: Areka Agricultural Research Centre, Areka. Ethiopia.
e-mail: kebede.habtegiorgis@gmail.com

were at station rearing condition in the region is from
research stations BED sit. Based on operational
research and technology dissemination programs
Merab Badewacho and Damot sore worda was selected
as ORTD site and in both worda doygena and Bonga
ram were distributed for genetic improvement purpose
In animal genetic improvement, during technology
diffusion the question of technology adaptability is the
most important one. Also the rate of adoption of a new
technology is subject to its profitability and the degree of
risk and uncertainty associated with it, agricultural
policies, and the socio-economic characteristics of
farmer’s acceptances is the most important. Intensity of
animal adoption and farmer preference is actually the
most critical criterion in animal technology diffusion
process. Smallholder sheep producer use different
phenotypic features including adaptive attributes to
identify and select their breeds, for centuries. Study
indicate that farmers may be rejected the crossbreds F1
lamb produced from introduced ram if the progeny have
phenotypic feature is dissimilarity with their local breeds.
Even introduced ram and its F1 have larger body size
and higher body weighted sheep it may not prefer by
farmer. A study conducted for exotic sheep X local
sheep cross breeding indicates except Awassi most
distributed crossbreds neglected by farmer because
they did not meet farmer phenotypic preference (etal T.
Getachew, 2016).in a similar case among regional
sheep breed across agroecology adaptability and
farmer preference variation were observed. Thus during
introduction and adaption new improved breed
considering  acceptance among farmers and
understanding of adaption of the technology were
important point. This was analyzed by examining
infroduced  breeding  sheep, their  production
performance and farmer acceptance relative to home-
grown sheep in various phenotypic reasons. Therefore
the objective of this paper is to assess interest farmer
based introduction of improved sheep in Damot
Soreand Merab Badewacho.

a) Objective
To evaluate  performances of disseminated
rams and their progenies based on farmer view.
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To identify constraints and opportunities for
future improvements and interventions.

I[I.  MATERIAL AND METHOD

a) Description of study site

The studies were conducted at Damot Sore and
Merab Badewach woredas. Damot Sore is located in
between 7°35” North Longitude; and 38°1". Agro
ecology of the areas is 58% highland (Dega), 42%
midland (Weina Dega). The average temperature varies
from minimum 13°C to maximum 21°C.The annual
average rainfall of Damot Sore is 1200 mm. Merab
Badewacho is situated at an altitude ranging from 1750
to 2100 m.a.s.land located in between  7°7" North
Longitude; and 37°43". The average temperature varies
from minimum 15°C to maximum 27°C.The annual
average rainfall varies from minimum 900 to maximum
1200mm  (Source Zonal agriculture and rural
development department and the office of livestock and
fishery of Damot Sore and Merab Badewacho Worda,
2016).

b) Data collection

Data were collected via field observation, group
discussions and key informant interviews. Based on the
questionnaire Individual interview (questionnaire) were
held to generate socio-economic information and
management practices Farmers included in this study
were those who have detail information about the breed
and use it so far. The selected farmers had, ram holder,
and have comparative knowledge about the distributing
breeding ram, i.e. Bonga, Doygena and indigenous
additionally Dorper sheep were considered for Damot
sore districts. In these study collaborative agency who
carried out breeding sheep distribution were involved.
This was determined through focus group discussions
with Worda office of livestock and fishery development
officials and breeding sheep holder within the target
areas including local leaders, ministry and NGOs were
involved.

In total of, 60 breeding ram beneficiary farmers
and breeding ram service user were asked, from 25
from Merab Badewacho and 35 from Damot sore. Of the
60 beneficiary farmers, 35 for Damot sore worda
respondents have satisfactory information for the three
sheep breeds groups, whereas 25 for Merab
Badewacho had only Bonga and Doygena and their
cross. During data collection farmers were requested to
classify the introduced sheep groups according to their
preference and capability of adaptability. In addition
farmers were requested to classify based on
morphology and coat color, growth ability easiness to
manage, feeding habit and mainly, when possible, use
of their knowledge of the preference of each animal.
Within each of the three breed groups. According to the
farmer’s opinion represented the rank1 (first best), rank2
(second best), rank3 (third best) and rank4 (fourth best),
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respectively. Distributing Breeding sheep were from
CBBI improved sheep from Bonga agricultural research
Centre and Areka agricultural research center Doygena
CBBI. Thus, the origin of improved breeding sheep is
from different agroecology of the region.

c) Statistical analyses

Data were analyzed using SPSS version 20.we
used for the general linear model analyses for
estimation of the least squares means. Effects of
agroecology based on breed and interactions between
Breed and Rank and between study area and Rank were
tested in chi-square.

The following fixed linear model, including the
main effects were significant, was finally used to explain
the variation of the sheep traits prefer by farmer: yijkl =
u + Sitei + Farmerj(Sitei) + Breedk + Rankl +
(Breed=Site)ki + eijkl
where vyijkl is the trait of interest, either rapid growth,
good adaptability, easy to manage, attractive in color
and feeding habit. p is the overall mean for the trait; Sitei
is the effect of the ith site (i = Merab Badewach, Damot
Sore); Farmer j(Worda) is the effect of jth farmer within
study sitei (j = 1-60); Breedk is the effect of the kth
breed group (k =Bonga and its Cross, Doygena and its
cross, and Dorper and its cross and indigenous); Rankl
is the effect of the Ith rank of the ram (I = first best,
second best, third best, and fourth best); (Breed*Site)ki
is the interaction effect between Breedk and Sitei; and
eijkl is the random residual effect

[11. RESULT AND DISCUSSION

Respondents and total household members

For this study a total of 60 households were
asked from the both study area where improved ram
were distributed. Of the total households, the majority
(66.67%) were female headed while the remaining 33.33
house hold was male households. The overall average
family sizes of household’s were4.45+0.383 (table 1). In
this study, majority household respondents were
married person who maintains and is running a
household were above 85.71% whereas 14.29 percent
headed household is widowed (table1).



Table 1: Household characteristic across the study area

P Damot sore Merab Badewacho Overall
arameter n=35 n=25 N =60
Mean =SE mean +SE mean+SE
Respondent sex
Male 11 9 33.33
Female 24 16 66.67
Age(years) 49.00=20 36.82+1.08 42.91+1.11
Marital status
Married 86.6 90 85.71
Widowed 13.4 10 14.29
Total family size 5.5+0.50 3.46+0.27 4.45+0.383

a) Breeding ram preference

For the success of indigenous sheep genetic
improvement understanding the community breeding
animal preference is important (Solomon etal, 2013) .the
first issue is choice of breeds. Sheep producing
communities commonly prefer to keep their own
traditional breeds to meet their multiple breeding
objectives. Farmer’s preferences for breeds are
influenced by their perceptions of their breeds and
previous genetic improvement effort in the area. Farmer
reported different preference for introduced breeding
ram and their cross, for instance in Merab Badewacho
Bonga ram and its cross were significantly preferred for
its fast growth rate (ranking index 0.63),), its coat color
(0.474) and for its best feeding habit (0.43). Doygena
sheep is preferred for its ability to produce multiple

N=number of respondents

births in both study area (table2). In both study area no
encounter of market problem for introduced Doygena
and Bonga ram cross. Generally in Merab Badewacho
majority of the interviewed farmer have an interested for
Bonga sheep than Doygena and indigenous sheep. On
the other hand for Damot sore worda Doygena breeding
ram and its cross were appreciated for its fast growth
rate (0.33), for its best adaptability (0.33), for its
attractive Bula and light red coat color (0.333) and for its
ability to resist disease and parasite(0.36),for its ability to
mate more ewe (0.52),and for its ability to produce
multiple birth at one delivery(0.44), Dorper cross is
preferred for its best feed habit(0.33),and its docile
behavior. In both study area aggressive behavior of
Doyogena ram is not preferred by farmer (table2).

Table 2: Ranking of introduced improved sheep and their cross by beneficiary farmers

Ranking index
Respondents interest in Damot Sore Merab Badewacho
choice of breeds , .
Dorper  Bonga Doygen Indigenous | Bonga Doygena Indigenous
For its rapid growth 0.30 0.30 0.33 0.07 0.63 0.21 0.16
For its instantaneous adaptability | 0.21 0.24 0.33 0.18 0.27 0.20 0.53
For its docile Behavior 0.40 0.23 0.10 0.27 0.333 0.167 0.500
For its attractive coat color 0.212 0.242 0.333 0.212 0.474 0.369 0.158
For its best feeding habit 0.333 0.300 0.300 0.067 0.43 0.41 0.16
For its ability to resist disease| 0.14 0.21 0.36 0.29 0.39 0.19 0.42
and parasite
For its ability to mate more ewe 0.09 0.26 0.52 0.13 0.25 0.43 0.31
For its ability to produce multiple| 0.15 0.26 0.44 0.15 0.37 0.47 0.17
birth

Index= ((4 for rank 1) + (3 for rank 2) + (2 for rank 3) + (1 for rank 4) divided by sum of parameter farmer interest list during

breeding sheep preference mentioned by the respondents.

b) Possible opportunity to expand sheep production
The greatest number of respondents’ reason for
expansion of sheep production in the study area is for
their immediate return(ranking index for Damot Sore and
Merab Badewach) were 0.29,0.31 respectively as shown
in (Table3) .in addition high market demand
availability(ranking index 0.28), and appropriate for

slaughter(0.21)were reason) reported reason for Merab
Baewacho farmer. For Damot sore easy to
manage(0.27),high market demand(0.0.22)similarly for
appropriate for slaughter were main raised reason .it is
possible to say almost all of the interviewed farmer
show the future interest to continue and /or expand
sheep production. Among the reason of  sheep
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production expansions, immediate return and high
market demand are the most appreciated issues
currently for sheep production. These results are agreed

with the report of Fsahatsion, 2013 Tsedeke (2007) and
Belete (2009) in GamoGofa Zone, Halaba area and
Jimma zone.

Table 3: Possible opportunity to expand sheep production

Reasons Rank of reason
Damot sore Merab Badewacho
R1 R2 R3 R4 index R1 R2 R3 R4 Index
High market demand 9 3 6 1 0.22 13 14 4 0 0.28
Easy to manage and keep 7 12 3 1 0.27 12 9 0 0 0.21
Immediate returns 12 3 8 1 0.29 15 7 15 0 0.31
Appropriate for slaughter/consumption 8 5 2 5 0.22 7 11 6 1 0.21

Index= ((4 for rank 1) + (3 for rank 2) + (2 for rank 3) + (1 for rank 4) divided by sum of all reason mentioned by the respondents.

c) Selection criteria for breeding sheep

The preferences of farmer to select best
breeding rams are presented in Table 4. Regarding with
animal sex majority of farmer show interest for both male
and female animal (table4).farmer reported that Dorper
with its F1 and Bonga with its F1 were susceptible with
disease and parasite (table4). For Damot Sore worda,
respondents show interest for Doygen(40%) and for

Bonga (33.33) ram while in Merab Badewacho only
Bonga was selected for breeding. The primary selection
criteria were in the Damot Sore were based on the
breed Physical appearance(length, color, height) of the
ram  (52.38%) while  the introduced breed
performance(47.61) was the primary selection criteria
for Merab Badewacho. This finding is in agreement with
the results of Fsahatsion, 2013).

Table 4: farmer perception breeding animal selection

Study site
Respondents response for breeding sheep selection Darmot Sore Merab Badewacho
N % age N % age

By sex

Male 7 29.16 3 7.5
Female 5 20.83 14 35
Both types 12 50 23 57.5
Based on breed type

Dorper cross 6 24

Bonga 8 33.33 17 62.96
Doygena 10 40 7 25.92
Indigenous 1 4 3 11.11
Sheep breed susceptible with disease and parasite

Dorper(50%) and its F1 9 42.85

Bonga and its F1 10 47.61 3 23.5
Doyogena and its F1 1 47 6 8.8
Indigenous sheep 1 4.7 2 17.64
Selection criteria for breeding sheep

Physical appearance(length, color, height) 11 52.38 9 42.85
Breed performance 7 33.33 10 47.61
Progeny performance 3 14.28 2 9.5

d) Major sheep production constraints

The main sheep production constraints reported
by the beneficiary for Damot Sore districts were disease
and parasite (rank index 0.54 and feed shortage (0.28)
and lack of extension support (0.24) were second and
third  constraint in the area table 5). For
MerabBadewacho districts the primary reported
problem was feed and grazing land shortage (rank
index 0.301.health problem and labor shortage were the
second and third problem reported by farmer index
ranked 0.226, 0.092 respectively. The present study for
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extension support is disagreeing with the report of
Ermias, etal 2015.



Table 5: Major sheep production constraints

Rank of constraint
Major constraints Damot sore Merab Badewacho
R1 R2 R3 R4 Index R1 R2 R3 R4 index
Disease and parasite 21 6 1 0 0.469 14 17 2 2 0.36
Feed and grazing land shortage 4 12 1 0 0.244 27 14 0 0 0.48
Labor shortage 0 5 1 0 0.077 6 5 3 1 0.15
Lack of extension support 2 8 7 0 0.208 0 0 0 1 0.00
Predators 0 0 0 1 0.005 0 0 1 4 0.02

Index= ((4 for rank 1) + (3 for rank 2) + (2 for rank 3) + (1 for rank 4) divided by sum of all listed constraints mentioned by the

respondents.

e) Common types of diseases and parasites

Major diseases and parasites were ranked by
farmer according to the disease relative economic
importance. These diseases were identified by the
symptoms when asked for the respondents and the
symptoms. Based on the survey results GIT parasites,
ovine pasteurelosis/ respiratory problem and lung warm
/Sheep couging are the most important diseases
prevalent in the Damot sore worda and ranked first,
second and third respectively. External parasite, blue
tong and anthrax were prevalent and ranked fourth, fifth
and sixth respectively. Pasteurellosis, blue tong and

brucellosis are the most important diseases prevalent in
the Merab Badewacho and ranked first, second and
third, also the same incidences of lung warm, external
parasite and GIT parasite were prevalent. Among the
above mentioned diseases Pasteurellosis, blue tong
and brucellosis causing the most serious/economic loss
in Merab Badewacho. These study is agree with the
report of Fsahatsion,2013 GIT parasite is cause of huge
loss for huge amount of lambs, ewes and rams.
Therefore it can be concluded that, ovinepasteurelosis/
respiratory problem the major problem in both study
area.

Table 6. List of diseases reported by farmers in the study areas

Local name Ranking by location
(Amharic and Wollitta Hydia language  Common name Damot  MerabBade symptoms
language) Sore wacho
Goreresa,(Amharic), Bochuwa Kutisojaboeye  ovine pasteurelosis/ 2 1 Nasal discharge,
(Wollita) language respiratory problem emanation, death
Sugeta((Wollita) language Sugeta Blue tong 5 2 Tongue and Mouth
swelling, stop eating
Aba senga(Amheric), Anthrax - Sudden death,
Telekeya(Wollitta language) 6
Sal(Amharic), Kofiya, Wollitta Kutisojaboeye Lung warm /Sheep Frequent coughing,
language) common cold 3 4 discharge
Wureja(Amheric language, Keregrema Abortion/brucellosis - 3 Abortion
AwuchayaWollitta language)
Ayfiyasahuwa(Wollitta language) Jeltilosoxile Pink eye 7 Eye redness, eye
7 become cloudy and
blindness
Kezen(Amheric), Kera(Wollitta Enishasha GIT parasite 1 6 Diarrhea, emaciation,
language) rough hair coat, loss of
appetite and death
Odo(Wollitta language Externa parasite like 4 5 inflammation of the
Alket/mezger(Amharic) ovine foot rot leech, hooves and Lameness
Danko(Wollitta language) hard and soft tick, ltching,
mange mite)
Nefate(Amharic) Pura(Wollitta Bloat/Poisoning/non - 8 Discharge, stop eating,
language) infectious stop gastric circulations,
bloating then death

[V. CONCLUSION AND RECOMMENDATION

In both study worda respondents appreciate
Bonga sheep for its ability to adapt and its progeny fast
growth. In Damot Sore farmer like all three breeding
ram. However their interests for Doygena breeding ram
were much higher. In breeding sheep aspect Dorper

sheep was not meet farmer interest because of black
coat color. it is suggested that to achieve upsetting
farmer breeding ram interest which is increasing time to
time further increasing of breeding ram producer
cooperative work should be considered.
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AUXILIARY MEMBERSHIPS

Institutional Fellow of Global Journals Incorporation (USA)-OARS (USA)

Global Journals Incorporation (USA) is accredited by Open Association of Research
Society, U.S.A (OARS) and in turn, affiliates research institutions as “Institutional
Fellow of Open Association of Research Society” (IFOARS).

The “FARSC” is a dignified title which is accorded to a person’s name viz. Dr. John E.
Hall, Ph.D., FARSC or William Walldroff, M.S., FARSC.

The IFOARS institution is entitled to form a Board comprised of one Chairperson and three to five
board members preferably from different streams. The Board will be recognized as “Institutional
Board of Open Association of Research Society”-(IBOARS).

The Institute will be entitled to following benefits:

The IBOARS can initially review research papers of their institute and recommend
them to publish with respective journal of Global Journals. It can also review the
papers of other institutions after obtaining our consent. The second review will be
done by peer reviewer of Global Journals Incorporation  (USA)
The Board is at liberty to appoint a peer reviewer with the approval of chairperson
after consulting us.

The author fees of such paper may be waived off up to 40%.

The Global Journals Incorporation (USA) at its discretion can also refer double blind ——
peer reviewed paper at their end to the board for the verification and to get ‘fafsssa
recommendation for final stage of acceptance of publication. ;

2 The IBOARS can organize symposium/seminar/conference in their counuy uii veiian v
Global Journals Incorporation (USA)-OARS (USA). The terms and conditions can be
discussed separately.

The Board can also play vital role by exploring and giving valuable suggestions .
regarding the Standards of “Open Association of Research Society, U.S.A (OARS)” so VA
that proper amendment can take place for the benefit of entire research community.\/@/
We shall provide details of particular standard only on receipt of request from the{']

Board.

The board members can also join us as Individual Fellow with 40% discount on total

fees applicable to Individual Fellow. They will be entitled to avail all the benefits as

declared. Please visit Individual Fellow-sub menu of Globallournals.org to have more
.1, relevant details.

Journals Rescar
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We shall provide you intimation regarding launching of e-version of journal of your stream time to
time. This may be utilized in your library for the enrichment of knowledge of your students as well as it
can also be helpful for the concerned faculty members.

After nomination of your institution as “Institutional Fellow” and constantly
functioning successfully for one year, we can consider giving recognition to your
ﬁ. meminstitute to function as Regional/Zonal office on our behalf.
“F®The board can also take up the additional allied activities for betterment after our
consultation.

The following entitlements are applicable to individual Fellows:

Open Association of Research Society, U.S.A (OARS) By-laws states that an individual
Fellow may use the designations as applicable, or the corresponding initials. The
Credentials of individual Fellow and Associate designations signify that the individual
has gained knowledge of the fundamental concepts. One is magnanimous and - .
proficient in an expertise course covering the professional code of conduct, and """'::Jff;f}“
follows recoenized standards of practice.

K'& -0

o Open Association of Research Society (US)/ Global Journals Incorporation (USA), as
...'( r described in Corporate Statements, are educational, research publishing and
ALt i anni= brofessional membership organizations. Achieving our individual Fellow or Associate
status is based mainly on meeting stated educational research requirements.

Disbursement of 40% Royalty earned through Global Journals : Researcher = 50%, Peer 1

Reviewer = 37.50%, Institution = 12.50% E.g. Out of 40%, the 20% benefit should be

passed on to researcher, 15 % benefit towards remuneration should be given to a |
reviewer and remaining 5% is to be retained by the institution. ﬁ:‘

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our
38 journals worth $ 2376 USD.

Other:

The individual Fellow and Associate designations accredited by Open Association of Research
Society (US) credentials signify guarantees following achievements:

> The professional accredited with Fellow honor, is entitled to various benefits viz. name, fame,
honor, regular flow of income, secured bright future, social status etc.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

The Fellow can organize symposium/seminar/conference on behalf of Global Journals
Incorporation (USA) and he/she can also attend the same organized by other institutes on
behalf of Global Journals.

The Fellow can become member of Editorial Board Member after completing 3yrs.

The Fellow can earn 60% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper.

Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and
can also get an opportunity to join as member of the Editorial Board of Global Journals
Incorporation (USA)

e This individual has learned the basic methods of applying those concepts and techniques to
common challenging situations. This individual has further demonstrated an in—depth
understanding of the application of suitable techniques to a particular area of research
practice.

Note :

”

Vil

In future, if the board feels the necessity to change any board member, the same can be done with
the consent of the chairperson along with anyone board member without our approval.

In case, the chairperson needs to be replaced then consent of 2/3rd board members are required
and they are also required to jointly pass the resolution copy of which should be sent to us. In such
case, it will be compulsory to obtain our approval before replacement.

In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
binding to everyone. Z
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PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .



Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29.Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

®  Reason of the study - theory, overall issue, purpose

®  Fundamental goal

®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
e  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

e  Explain the value (significance) of the study

®  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.

e Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

®  To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e |f well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

e |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

e  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
® leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

&  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

e Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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