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Edible coatings and the need for biodegradable polymers with focus on dairy products

Richard NSh.
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Abstract

Natural polymers are non-toxic, affordable, and abundantly accessible; - —

hence they're often used in edible coatings. Covering vegetables with < @ @ _
edible coatings that include antimicrobials, browning inhibitors, and

nutraceuticals is a unique way to increase their nutritional value. Natural * 11 @gﬂgﬂg‘
polymers are non-toxic, affordable, and abundantly accessible; hence sEE=—

they're often used in edible coatings. Covering vegetables with edible
coatings that include antimicrobials, browning inhibitors, and
nutraceuticals is a unique way to increase their nutritional value. Most
edible coatings employ non-toxic, inexpensive, readily accessible natural
polymers. Using biodegradable synthetic polymers and liquid and solid
lipids, nano systems may be built at room temperature. To minimise
food waste, edible food packaging utilises high-quality, low-impact
packaging materials. Dairy consumer goods are among the industries
targeted by the attack. Polymer nanocomposites, a kind of nano
reinforcement, may act as a small gas barrier by increasing the difficulty of passing through the material. To put it simply,
we now have the ability to accurately estimate the shelf life of our products thanks to developments in packaging
technology, as well as biodegradable packaging and several other advantages. Packaging nanotechnology applications are
categorised by their principal function. In conclusion, biodegradable synthetic polymers and liquid and solid lipids may
also be used to create nano systems at ambient temperature. It is argued that recent advances in the usage of nano
systems such nanoparticles, nanotubes, composites, and emulsions, are reviewed critically in this study. For food
preservation purposes, nano dispersions may be supported by polymers, although the main focus of this article was on
providing information on nano systems and how they can be used in various food substrates.

Keywords: Biodegradable, Dairy products, Edible coating, Food industry, Nanotechnology.
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A response surface model to predict the profitability of raising small-scale free range
domestic pigeon

Samanta P, Akter N, Islam S, Islam Sh and Hossain E.

Online J. Anim. Feed Res., 12(4): 179-186, 2022; pii: S222877012200024-12
DOI: https://dx.doi.org/10.51227/0jafr.2022.24

Abstract

The study aimed to investigate the comparative profitability of raising
different breeds of small- scale free range domestic pigeon in the
Chattogram metropolitan area of Bangladesh. A cross-sectional survey
was carried out for a period of three months from July to September
2021 using a structured questionnaire. Results indicated that there were
no differences among the performance parameters of the non-
descriptive, Gola and Giribaz breeds of pigeon. However, the non-
descriptive breeds produced more eggs and thus squabs per year than ) =
the Gola and Giribaz. Similarly, the average pause size, and feed supply e !

per day and market age were lower in the local breeds compared with

Gola and Giribaz. Hatchability percentage of the local breed was higher than the other breeds. Average mortality was
moderately higher in the Giribaz. The average flock size was 4.9%£0.70 pair. The average annual egg and squab
productions were 20.6+1.10 and 10.7+1.00 pairs, respectively. The average daily feed supply was 37.8+1.5 g/bird. The
average clutch and pause sizes were 2.0 and 17.3 day, respectively. Average market age, hatchability and mortality were
30.6+£0.90 day, 51.4+£2.20% and 7.6x1.6%, respectively. Mean feed and housing cost were 1008+24.7 and 443+42.8
Bangladeshi taka (BDT) per pair/year, respectively. Mean market price per pair adult and per squab was BDT 365+18.6
and 130%4.9, respectively. Flock size and pause size had strong positive and negative correlations with annual squab
production. There were no significant differences between the net profit of the farms rearing different breeds of pigeon.
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However, farms raising local breeds had the highest annual net profit (BDT 823/pair) compared with other farms raising
Giribaz (BDT 478/pair) and Gola breeds (BDT 319.70/pair). Principal component analysis identified annual egg production
and feed cost as the principal eigenvector determining net profit. It was concluded that despite marginal profit, small-
scale free range domestic pigeon farming was economically viable for the subsistence of the rural livelihoods.

Keywords: Free range, Giribaz, Gola, Pigeon, Profitability.
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Breeding strategies of Simien sheep in Simien mountain region of Ethiopia
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Abstract

This study was conducted to characterize the existing sheep breeding
strategies as an essential step in designing a breeding program for
linking sheep production in the Simien mountain region of Ethiopia.
Interview with sheep keepers, direct ranking method of traits, and field = S
observations were carried out in selected districts of Simien mountain -
region. Sheep kept mainly as a source of income, saving and meat with
an index value of 0.27, 0.21, and 0.20 in the Beyeda district whereas
the corresponding value for Janamora was 0.26, 0.22, and 0.19, respectively. Mean sheep flock sizes were 14.9 and 16.2
in Beyeda and Janamora districts of Ethiopia. Natural and uncontrolled breeding was common in the Simien mountain
region of Ethiopia. Coat color, body conformation, and fast growth rate were important traits in selecting breeding rams in
both study districts. Coat color and appearance were selection criteria for breeding ewes in both study districts. It is
observed that Simien sheep is highly valued for its tasty meat and produce under low input conditions. However, the
survival of Simien sheep is endangered due to uncontrolled breeding, intervention failures in livelihood, and market-
oriented agricultural systems. In conclusion, the main breeding objective for sheep production have been defined as
increasing meat production and marketed animals and this is driven by market demands. Compared with other local
sheep types, Simien was rated highly by both producers and consumers in their tasty meat. These characteristics make
the Simien sheep economically more important. Yet Simien sheep need to be conserved as they could serve as a source
of safe and tasty products for consumption.

Keywords: Breeding practice, Livestock population, Mountain region, Sheep flocks, Simien sheep.
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The spreading and molecular characterization of the fungus Saprolegnia parasitica in
the water of Al-Diwaniyah river of Iraq

Muataz MAA and Majid KA.

Online J. Anim. Feed Res., 12(4): 194-199, 2022; pii:
S222877012200026-12
DOI: https://dx.doi.org/10.51227/0jafr.2022.26

Abstract

The water mold Saprolegnia parasitica is a chief species of oomycetes that
affects a wide range of plant, natural ecosystems, fish and the aquaculture
industry. The current study aimed to investigate the isolation and
identification of some aquatic fungi like Saprolegnia spp. and also
molecular characterization of Saprolegnia parasitica in the water of Al-
Diwaniyah river of Iraq using the baiting method for isolation and PCR
polymerase chain reaction for molecular diagnosis of fungi. A total of 60 samples were taken from three study sites of
river: 25 samples of Al-Shafi‘iah city bridge (Najaf road) as first site (S1); 25 samples of Hawly Al-Jamiah road bridge,
Umm Al-Khail area, as second site (S2); and 10 samples of Al-Orouba bridge as the third site (S3). Molecular diagnosis
was carried out by PCR examination using primers for the rDNA gene and its presence in Saprolegnia parasitica, as DNA
was obtained at a concentration of 685.4-99.4 pg/ul and a purity of 1.92-1.8. The samples from the first site gave the
highest number of 18 isolates (45%), followed by samples from the second site with 14 isolates (35%). The samples from
the third site showed a number of 10 isolates (20%). The species S. parasitica was more visible during February 2020
with a number of 17 isolates, and less visible in April 2021, with a number of 3 isolates. In conclusion, the variation in the
presence of the types of infectious aquatic fungi Saprolegnia spp. in the Al-Diwaniyah river of Iraq in different sites and
months of 2021 showed a high percentage of isolates for Al-Shafi‘iah city bridge (Najaf road) site and the highest number
of Saprolegnia parasitica in February 2020. There is a need for further examination of oomycetes in different sites of
rivers of Iraq in different months.

Keywords: Aquatic fungi, Fish, Fungal disease, Molecular characterization, Saprolegnia parasitica.
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Effect of dietary supplemented cocoa pod husk meal on the reproductive performance
of rabbits

Ozung PO, Anoh KU, Alawa DA, Evans EI, Kennedy OOO and Ubua JA.
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Abstract

This study determined the dietary effect of cocoa pod husk meal (CPHM)
on the reproductive performance of rabbits. Twelve iso-nitrogenous
(16.05% CP) and iso-caloric (2500.12 Kcal kg* ME) diets were
formulated. The CPHM was included at 0, 12.5, 25 and 37.5% levels for
T1, Tz, T3, and Ta raw,; T5, Ts, T7, Ts fermented and T9, TlO, T11, Ti2 hot-
water treated CPHM. Sixty weaned rabbits between 5 and 6 weeks old of
both sexes (30 males and 30 females) with mean initial body weight of
606.42+1.30g were used. The rabbits were randomly distributed using a
completely randomized design (CRD). The animals were crossed at
maturity for reproductive performance evaluation. Total protein ° o
concentrations of reproductive parts were determined. Result showed no s s
significant dietary effect on reproductive performance. The 37.5% level recorded zero pregnancy in the raw and hot—
water groups. Average gestation period ranged between 30 and 31 days. Average litter size at birth ranged 1 - 4 kittens.
Average weaning weight ranged between 475 and 580.25g with the least weight in the raw group. Milk yield ranged
between 205.46 and 262.94g. The sperm volume and gonadal sperm reserve recorded significant effect (P<0.05). In the
raw and hot-water groups, the sperm volume decreased marginally. The protein concentration in the testes recorded
higher significant (P<0.05) values in the control diet and the least value in raw group. The study concluded that
fermented CPHM diets performed best at 37.5% level in terms of reproductive performance of rabbits.
Keywords: Cocoa, Gonadal sperm reserve, Kindling, Milking, Sperm volume.
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Conclusion

Abstract

This study was aimed to determine the income of farmers who carry out
a partnership system during the COVID-19 Pandemic in Lekopancing
Village, Tanralili District, Maros Regency. The research was conducted on
March to April 2021. The type of research used is descriptive
quantitative. The sample in this study were farmers who partnered with the X’s company were 2 farmers, the Y's
company were 12 farmers and the Z’s company were 8 breeder. Data was collected through interviews with the help of a
questionnaire as the research instrument. The results showed that the COVID-19 pandemic impacted to the incomes of
farmers who partnered with companies X, Y, and Z, other than that it influence price fluctuations. The income earned by
farmers with partnership patterns on a business scale of 3000 tail is the highest breeder who partners with PT. Z was USD
1,564.63 and USD 0.52/tail/period. As for the business scale of 4000, the highest is PT. Y of USD 2,285.97 and USD
0.76/tail/period.

Keywords: Agricultural management, Broiler chicken, Income, Partnership system, Poultry farming.
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Abstract N
Amount of pollution radiation in foodstuffs and feedstuffs are very %
necessary to measure because it is a direct contact with human and " o)

animal health. Therefore, the present investigation is useful for the E’
health and environmental data base. The study included measurement of o
effective radium-226 content (Cra) in some chosen samples of vegetables

and fruits (local and imported) in Najaf governorate. The Cra were
measured in samples of vegetables and fruits using Solid State Nuclear e wmia sosna sty sucet o, susa 2022, oetrminig e radom concentrationin
Track Detectors (LR-115 Type II). Also, the annual effective dose (AED)

associated with the exposure due to annual intake of ?2°Ra were calculated from ingestion of vegetables and fruits
samples for adults. The results were revealed that the average value of Cr, in vegetables and fruits samples in the
present study was 3.98+1.08 Bqg/kg and 1.73+0.11 Bq/kg, respectively. While, the average of AED (mSv/y) for
vegetables and fruits samples was 0.067+0.018 and 0.082+0.005, respectively. Also, the results showed that the
average value of AED from fruits consumption is larger than in vegetables, but the result is not significant. All results of
the Cra and AED of the studied samples had been compared with the worldwide reported value (median). Accordingly, it
was found that all findings were lower than that of the recommended limits of the UNSCEAR 2000. Finally, based on
present investigations, no health risk expected when considering eating vegetables and fruits of Al-Najaf of Iraq.
Keywords: Alpha emitters, Food contamination, Radium-226, Herbal samples, Al-Najaf.
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Performance of blackhead Ogaden sheep fed different grasses (Chloris gayana,
Pennisetum purpureum, Panicum maximum and Cynodon dactylon) basal diets and the
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Abstract

A study was conducted to determine the effect of feeding Rhodes grass
(RG; Chloris gayana) as treatment 1 (T1), elephant grass (EG;
Pennisetum purpureum as T2), guinea grass (GG; Panicum maximum as
T3) and bermuda grass (BG; Cynodon dactylon as T4) supplemented
with a similar amount of concentrate mixture (CM; wheat bran (WB) and
Noug seed cake (NSC) at 67:33 ratio) on performance and economy of
fattening of Blackhead Ogaden sheep. The study consisted of a feeding
and digestibility trials of 90 and 7 days long, respectively. Twenty-four j,f' ;

intact yearling Blackhead Ogaden sheep with an initial body weight (BW) of 15.83+0.04 kg (mean:I:SD) were used in a
randomized complete block design based on their initial BW with four treatments and six replications. All animals received
300 g dry matter (DM) of CM. Nutrient concentration of RG, EG, GG, BG, NSC and WB were 5.5, 8.8, 7.6, 7.9, 24.3 and
14.0% crude protein (CP), and 83.3, 74.5, 75.4, 81.5, 39.0 and 45% neutral detergent fiber, respectively on DM basis.
Intake of DM was 696, 700, 719 and 716 g/day (SEM = 0.004) for T1, T2, T3 and T4, respectively and was lowest for T1
and highest for T3. The CP intake was also lowest for T1 (89 g/day), and similar among the other 3 treatments (99-103
g/day). Digestibility of CP and organic matter were highest for T2, intermediate for T3 and T4 and lowest for T1. Average
daily gain was in the order of T2 > T3 = T4 > T1 (27, 63, 50 and 45 g/day (SEM = 13.1) for T1, T2, T3 and T4,
respectively); whereas hot carcass weight did not significantly differ among treatments (5.7, 6.4, 6.1 and 6.3 kg (SEM =
0.36) for T1, T2, T3 and T4, respectively). Total return, net income and marginal rate of return were all in the order of T2
> T4 > T3 > T1. Therefore, based on biological performance as well as economic return, sheep fed elephant grass
perform better. However, variations in performance and economic return among the four grass species needs to be taken
cautiously as part of the difference might have attributed to differences in the stage of maturity of the grasses up on
harvest for feeding the lambs.

Keywords: Blackhead Ogaden sheep, Digestibility, Feed intake, Performance, Weight gain.
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Abstract
This experiment was conducted to determine the advantages of @mmomsmm o cuaccanowHITEAND HOLSTEIN CATTLE HERDS BREEDING N

FOR LIVESTOCK DATA SOUTH OF RUSSIA

introducing modern innovative approaches to dairy herd management
based on the study and implementation of the methodological of
International Committee for Animal Recording (ICAR). This research
shows the main directions for introduction to new breeding and the
technological model of interaction with breeding farms for breeding dairy
cattle. This interaction occurs through the services provision for breeding
farms, the control-assistant and expert-boniter services, as well as
laboratories for selection control of milk quality and genetic control. The
tasks of the control-assistant service included participation in the control
milking of cows and individual milk samples picking from each cow and
its delivery to the laboratory in a chilled form. Using as the example dairy
herd of the black and white breed by studying the dynamics of somatic cells has been showing the effectiveness of
different methods for assessing the quality of milk. Implementation of the milk quality regular monitoring during 1-2
months allows bringing the main parameters of milk quality in line with the requirements of national and international
ICAR standards. The cow's conformation assessment by animals' linear assessment allows revealing the bull’s prepotent
abilities and choosing the right strategy for improving the cow's conformation in the herd. Genetic well-being assessment
of cows makes it possible to exclude unwanted individuals with genetic abnormalities and use only healthy animals in
breeding. The research purpose was studying the possibility of applying the ICAR method in Russian breeding livestock to
improve the dairy herd management system. The research results showed that Implementation of individual veterinary
measures for two months allowed reducing the average somatic cell count by 1.85 times and reaching the level
recommended by ICAR. The spread of individual indicators also significantly decreased. Therefore, Using the individual
monitoring of dairy raw materials quality assessment makes it possible to study the influence of para-typical (climatic)
factors on the content of dairy components, as well as to stabilize the quality parameters in terms of the level of somatic
cells not higher than 200 thousand cells/cm3.

Keywords: Breeding, Dairy cattle breeding, Dairy herd, Genetic resources, Milk quality.
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Nutrient content and quality of soybean meal waste fermented by Aspergillus ficuum
and Neurospora crassa
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Abstract

Present research aimed to increase soybean meal waste quality and A
nutrient by fermentation using different ratio of mixed fungus inoculum
(Aspergillus ficuum and Neurospora crassa) and fermentation time. The
primary materials were soybean meal waste (SMW), fungus Aspergillus
ficuum and Neurospora crassa. The experiment applied a completely
randomized design (CRD) with a 3 x 3 factorial pattern and three
replications. Two treatments were given in this study, factor A
(combination of A. ficuum and N. crassa), comprising of Al (3:1), A2
(3:2), and A3 (3:3). Factor B (fermentation time) comprising of B1 (5
days), B2 (7 days), and B3 (9 days). The variance analysis exposed a
highly significant interaction between factor A and factor B, and those
factors also exposed a highly significant effect. The correlation between
SMW crude protein and broiler nitrogen retention showed a positive
trend, contrary SMW crude fiber content negatively affected crude fiber
digestibility. In conclusion, the combination of A. ficuum and N. crassa (3:2) and seven days fermentation period showed
optimal results as seen from 28.25% crude protein, 13.77% crude fibre, 61.16 nitrogen retention and 58.76% crude fibre
digestibility of fermented SMW.

Keywords: Aspergillus ficuum, Crude protein, Digestibility, Fermentation, Neurospora crassa.
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Abstract

The study was conducted to identify breeding practices and traits
preferences of the dairy cattle producers in the southern part of Ethiopia.
Representative sample households were selected by SRS (Simple
Random Sampling) techniques. A cross-sectional survey with a
structured questionnaire was used to collect the data on the purpose of
keeping dairy cattle, herd composition, source of dairy cattle, trait
preference, and breeding practices performed by the farmers. The data
were analyzed using statistical software SPSS 27, and chi-square was
used to compare categorical variables. The herd composition of the Bule

Bull sources

Haile D and Tesfahun 2 (2022). Breeding practices and traits preference in dairy cattle in Gedeo agroforestry of Ethiopia.
Online J. Anim. Feed Res., 12(4): 246-254. DO: https://dx doi orz/10.51227/0iaf2022.33

district is significantly different from the rest of the districts in the mean number of calves, heifers, and bulls. The
Yirgachefe district significantly differs in the mean number of cows compared to other districts. The breed preference of
most farmers (81.67%) is cross-bred bulls (Jersey and Holstein Frisian). There are not enough bulls on the farms; only
21.7% of them have a breeding bull, and the primary sources of bulls in the study community are the grazing areas and
the neighbors. Respondents preferred artificial insemination (96.1%) to natural mating. Milk yield, appearance, and
genotype were important traits in selecting a dam, whereas genotype, appearance, and fast growth rate were the most
preferred traits in sire ranking. The farmers' breeding objectives were to improve milk production and increase cash
income. Therefore, establishing a village-based mating program for the genetic improvement of dairy cattle in the study

area is recommended to overcome the shortage of bulls.

Keywords: Artificial Insemination, Breeding, Genetic improvement, Selection criteria, Sire.
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ABSTRACT: Natural polymers are non-toxic, affordable, and abundantly accessible; hence they're often used
in edible coatings. Covering vegetables with edible coatings that include antimicrobials, browning inhibitors,
and nutraceuticals is a unique way to increase their nutritional value. Natural polymers are non-toxic,
affordable, and abundantly accessible; hence they're often used in edible coatings. Covering vegetables with
edible coatings that include antimicrobials, browning inhibitors, and nutraceuticals is a unique way to
increase their nutritional value. Most edible coatings employ non-toxic, inexpensive, readily accessible natural
polymers. Using biodegradable synthetic polymers and liquid and solid lipids, nano systems may be built at
room temperature. To minimise food waste, edible food packaging utilises high-quality, low-impact packaging
materials. Dairy consumer goods are among the industries targeted by the attack. Polymer nanocomposites,
a kind of nano reinforcement, may act as a small gas barrier by increasing the difficulty of passing through
the material. To put it simply, we now have the ability to accurately estimate the shelf life of our products
thanks to developments in packaging technology, as well as biodegradable packaging and several other
advantages. Packaging nanotechnology applications are categorised by their principal function. In conclusion,
biodegradable synthetic polymers and liquid and solid lipids may also be used to create nano systems at
ambient temperature. It is argued that recent advances in the usage of nano systems such nanopatrticles,
nanotubes, composites, and emulsions, are reviewed critically in this study. For food preservation purposes,
nano dispersions may be supported by polymers, although the main focus of this article was on providing
information on nano systems and how they can be used in various food substrates.
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Keywords: Biodegradable, Dairy products, Edible coating, Food industry, Nanotechnology.

INTRODUCTION

Nanotechnology is a rapidly expanding field that draws from a wide range of scientific and engineering disciplines.
Nanotechnology has been applied to the fields of biology, chemistry, engineering, and physics in order to create new types
of materials. Because of the changes in their physical, chemical, and biological properties that occur as they are scaled
down to the nanoscale range, nanomaterials are finding new uses in a variety of fields. Nanoparticles (10-9 m) have the
potential to be used in a wide variety of applications due to their singular qualities, which include their unusually small
particle size and enormous surface area (Duran and Marcato, 2013; Patil et al., 2019). In the food industry and processing
industry, potential applications of nanotechnology include the detection of pathogens, the administration of drugs, the
packaging of food, and the distribution of bioactive components. Utilizing nanotechnology within food systems enables a
fresh approach to the protection of food and the enhancement of its nutritional content (Rashidi and Khosravi-Darani,
2011; Kiss, 2020). It is common practice in the manufacturing of edible coatings to make use of natural polymers
because they are non-toxic, inexpensive, and widely available. Covering vegetables with edible coatings that contain active
compounds such as antimicrobials, browning inhibitors, and nutraceuticals is a novel method for increasing the nutritional
content of the produce that is being consumed (Dholariya et al., 2021).

The production of modern food and agriculture has profited significantly from considerable breakthroughs in
nanotechnology due to the advent of smart and active packages, hano sensors, hano insecticides, and also nano fertilizer.
Numerous innovative nanomaterials have been emerged in recent years with the goals of enhancing the quality and
safety of food, as well as monitoring crops and the environment (He et al.,, 2019). Edible coatings are a type of food
coating that refers to food products that have been coated with an edible polymer layer that possesses both biological
and chemical capabilities. Plants and animals both contain reservoirs of biopolymers such as resins, oleoresins, gums,
lipids, polysaccharides, proteins, and other resinous compounds.

It is possible to recover and purify these compounds from their raw sources by employing the appropriate processing
methods and procedures. Resins, oleoresins, gums, lipids, polysaccharides, and proteins are examples of biopolymers.
Because plants have a high polyphenolic chemical content, which may serve as probable antioxidants and antibacterial
agents, it is common practice for edible coatings to be obtained from plants. This is due to the fact that polyphenols are
found in high concentrations in plants (Bhagath and Manjula, 2019). It is absolutely necessary for nanocomposites to
have increased stability in order to keep their antibacterial action intact and stop the migration of metal ions in preserved
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foods. Polymers are primarily developed for the development of nhanocomposites in the culinary industry that contain
metal or metal oxide nanoparticles (He and Hwang, 2016). Utilizing nanoparticles such as nano chitosan, which have
distinct physical and chemical qualities (small size, high surface area, and positive surface charge) that make them a
viable alternative, it is possible to protect fruits from diseases (Melo et al., 2020). It is well knowledge that
nanotechnology can be utilized to increase the amount of time that food can be stored. When compared to bigger
systems, the smaller particle size that may be achieved in nanometric systems results in materials with distinct and
better properties. It is now possible for hydrophilic and lipophilic compounds, such as antimicrobials and antioxidants, to
extend the shelf life of a wide range of products, such as whole and freshly cut fruits and vegetables, nuts, seeds, cheese,
and so on. The majority of edible coatings make use of natural polymers, which are often non-toxic, inexpensive, and
easily accessible. On the other hand, biodegradable synthetic polymers as well as liquid and solid lipids can be employed
to build nano systems even when the temperature is room temperature (Zambrano-Zaragoza et al., 2018). The
improvements that have been made possible by nanotechnology have made it feasible to create a wide variety of brand-
new structure, materials, and systems. These include those in the fields of agriculture, food, and medicine (Singh et al.,
2017).

POTENTIAL APPLICATION IN FOOD INDUSTRY

There is a possibility that nanotechnology will have an effect on a diverse variety of food and agricultural production
methods. In the fields of agriculture and food systems research and engineering, nanotechnology has a wide range of
applications, some of which include food security, new methods for the delivery of disease treatments, new tools for
molecular and cellular biology, innovative materials for the detection of pathogens, and environmental protection. The
following are some of the ways in which the application of nanotechnology can benefit the food industry:

e Manufacturing, processing, and shipping of food has become more secure thanks to pathogen and
contamination detecting sensors.

e |t is important to have devices that can track particular shipments and retain environmental data for a specific
product.

e Intelligent/smart systems that incorporate sensors, location, reporting and remotely maintenance of food
products can increase the efficiency and stability of food processing as well as transportation.

e Food ingredients can be transported, preserved, and distributed to their designated sites of action using
encapsulation and tracking system to accomplish these tasks. Biosciences and engineering applications are the primary
focus of nanotechnological research. Table 1 shows a variety of uses.

Table 1 - Application matrix of nanoscience and nanotechnology in main areas of food science and technology (Hamad

et al., 2018; Kumari and Yadav, 2014; Rashidi and Khosravi-Darani, 2011; Santeramo et al., 2018)

Area of application Purpose and fact Approaches

Nanoparticles, Nano emulsions,
Nanocomposites, and
Nanobiocomposites are all forms of
nanotechnology (nano biopolymeric
starch)

Self-assembling, self-healing, and modifying attributes in a novel specified

Design of nanomaterial -
material.

Monitoring and labeling of food items; detection of extremely trace amounts
of chemical contaminants by the use of a sensor assessment system that

Nanolaminates . .
incorporates an electronic nose and tongue

Nano sensors and nano

g QU CoIE] Sl 0Es | S2iiE The identification of food-borne pathogens can be accomplished by using
nucleic acid, protein, or any other metabolite produced by microbes.
Nanofiltration By using a nanoceramic pan, it was possible to cut down on the amount of
Nanoscale enzymatic reactor time needed to roast the food, the amount of oil used, and the amount of
Processing Heat transmission and mass trans fatty acids produced by using plant oil rather than hydrogenated oil.

exchange Nanofabrication
Nano capsules designed to alter
the way substances are absorbed

Because of this, scientists were able to create nutrient-delivering nano
capsules for food that are safe to ingest and may be put into food in order to
facilitate greater absorption.

New products

Packaging

Delivery

Formulation

Evaluation

DNA recombinant technology

Barrier properties (mechanical, thermal, chemical, and microbial) are
improved with the use of nanocomposites as coatings, release devices, and
novel packaging. Mechanical and thermal properties are gotten better;
effective antibacterial surfaces are developed; microbial contamination and
biochemical changes can be detected and signalled; and dirt repellent
coatings for packaging are developed.
* Targeted delivery of nourishment by nanomycells (nutrition nano therapy)
¢ Sustained - release of nutrients, proteins, antioxidants, and tastes with
nano capsules
* Development of a new product by the use of a nanoscale enzymatic
reactor
* Omega-3 fatty acid, haemoglobin, lycopene, beta-craton, phytosterols,
and DHA/EPA fortification of food
As a nano biological system for the creation of new goods, enzyme and
protein evaluation
* Nano porous medium for the manufacture of recombinant enzymes with a
wide range of applications.
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It is possible to design novel structures out of functional nanostructures and give food products new functionality by
employing these nanostructures as building blocks. Nanoliposomes, hano emulsions, nanoparticles, and nanofibers are
only a few examples of the various types of nanomaterials. Weiss has provided specific information about a few of these
buildings, in addition to their past, present, and potential future applications in the food sector. According to the most
recent information available, nanomaterials employed in applications related to food preparation can be either inorganic
or organic. Inorganic, surface-functionalized, and organic engineered nanomaterials (ENMs) are the types of designed
nanomaterials that can be discovered in nanofood items (Sekhon, 2010).

Sensors that operate on the nanoscale Biosensors on food, for instance, might make use of biological molecules like
sugars or proteins in order to determine the presence of infections and other impure chemicals. The use of sensors that
can detect illness and contaminants in food nano sensors would make food production, processing, and shipping
significantly safer. It is feasible to compensate for the shortcomings of the sensors that are currently in use by employing
nano sensors because of their tiny size and portability as well as their rapid processing and specialized nature (Sharon et
al.,, 2010). Active food packaging adds preservatives such as antimicrobials to food at the beginning of the rotting
process, whereas intelligent food packaging can warn the user to the food breakdown. By utilizing nano-composites in
food packaging, it is feasible to protect food against contamination such as illnesses, gas leaks, and other potentially
harmful substances. In addition to preventing the growth of bacteria, fungi, and other pathogens, bio-nanoparticles such
as silver titanium oxide, zinc oxide, and other bio-nanoparticles function as a barrier to the exchange of gases. Enhancing
a product's barrier capabilities can assist maintain food quality and increase its shelf life, even in the absence of the
application of artificial or chemical preservatives. Nano-composites are a type of reinforcing material that has a size less
than 100 nanometres and is classified as a polymer with a single dispersion phase that can either be organic or inorganic
(Sharma and Dhanjal, 2016). It is possible to utilize coatings and films to communicate food contents, restrict the
movement of moisture and other things such as carbon dioxide and aromas, and improve the mechanical qualities of the
meal. This can be done by preventing the flow of moisture and other substances. Starch, chitosan, cellulose, and
galactomannans are some of the compounds that can be used to make edible or biodegradable coatings and films. Other
possible substances include galactomannans (Zhang et al., 2014).

Biopolymers such as polysaccharides, proteins, lipids and waxes, plasticizers, and additives can all be utilized in
edible food packaging. Other types of biopolymers include cellulose, hemicellulose, and cellulose acetate. Edible food
packaging relies on high-quality and environmentally friendly packaging in order to reduce the amount of food that is
wasted. The dairy industry, the fruit and vegetable industry, the grain and cereal industry, fisheries, the meat and
poultry industry, as well as consumer food products and other fields are among those that are being targeted. It is also
feasible to improve food qualities by combining established methods of food preservation with edible packaging. These
methods include thermal treatments and cold processing, preservatives and water management, and non-thermal
processing, among others. Consumables that have been wrapped in a variety of secondary and tertiary packing
materials are able to be exported and transported with relative ease (Ghosh and Katiyar, 2021).

The primary idea behind this method is to change the atmosphere that is surrounding the fruits by either eliminating
or adjusting the quantity of chemicals that are necessary for respiration. Some examples of these chemicals are oxygen,
carbon dioxide, and ethylene. The application of edible coatings as a means of protecting the quality of fruit has revealed
some encouraging outcomes. Agents, either biological or chemical, are placed to the surface of the product and left there
in order to put a stop to the ripening process. The term "edible coating" refers to a thin layer of fruit that acts as a barrier
between the fruit itself and the environment around it. This layer can be consumed by humans. The coating solution is
either dipped onto the fruits or sprayed onto them in order to apply the edible coating to fresh or freshly cut fruits. An
edible coating can act as a barrier to the interchange of gases, which in turn can lower the amount of water that is lost
from the surface of the fruit and alter the atmosphere around it, leading to an improvement in the flavour of the fruit. In
addition to reducing the rate of fungal development and enhancing the overall appearance of the fruit, this also stops
anaerobic respiration and the aging process (Maringgal et al., 2020). Bioactive peptides are encapsulated in lipid bilayers.
Compound encapsulation shields a delicate component from the potentially harmful effects of the surrounding
environment by hermetically sealing the capsule. Because of this barrier, it is feasible to protect a chemical from oxygen,
water, and light while yet allowing for regulated release and limiting contact with other components in a combination. This
is made possible by the barrier's structure. Bioactive peptides are pieces of proteins that have the potential to improve the
health and well-being of living creatures. The nitrogenous components that are biologically active are found in abundance
in marine creatures. Limiting hypertension, decreasing cholesterol, controlling hunger, and inhibiting the growth of germs
are just a few of the actions that have been associated to this chemical.

In addition, this substance possesses antibacterial, anticoagulant, and antidiabetic effects. With the assistance of
these peptide-loaded nanocapsules, it would be feasible to stop the putrefaction of food and the development of
potentially harmful microbes. When astaxanthin and maybe other carotenoid pigments are micro- or nano-encapsulated
in food matrices, they may be more stable and have a greater therapeutic effect (Neves et al., 2015).

NANOTECHNOLOGY IN FOOD INDUSTRY

Food processing
Through the process of food processing, raw ingredients are converted into food and other forms that may be

marketed and have a longer shelf life. These products can also be stored for longer. The elimination of toxins, the
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prevention and treatment of illness, and the conservation of materials are all examples of processing. Another example
would be improving the consistency of the meal so that it can be distributed more easily. When it comes to transporting
goods across great distances, processed meals are preferable to fresh foods since they are less likely to go bad than fresh
foods. The application of nanotechnology has made each of these far more efficient. When foods are encapsulated with
straightforward solutions like colloids, emulsions, biopolymers, and others, the food's functional characteristics are
maintained. It is possible to use structural lipids, often known as "nanodrops," as a liquid transporter for beneficial
components that are difficult to dissolve in water or fat (Ali et al., 2019; Giaconia et al., 2020). This is possible because
structural lipids have a very small molecular size. They accomplish this by preventing cholesterol from being absorbed in
the gastrointestinal tract and instead delivering it directly to the bloodstream where it may be used.

Food packaging

Food packaging is required to fulfil a number of requirements, including those pertaining to safety, resistance to
tampering, and particular requirements for its chemical, biological, or physical makeup (King et al., 2017). Because of this
label, you will be able to view any and all nutritional information that pertains to the food that you are about to consume.
The viability of the food's business depends heavily on the packaging, which plays an important part in the preservation of
the product. As a result of advances in packaging technology, we now have quality packaging, a means of estimating
shelf life that is userfriendly for consumers, biodegradable packaging, and a plethora of other benefits. The various
applications of packaging nanotechnology are broken down according to their primary purpose.

Barrier protection

It is important to keep food in an atmosphere that is low in oxygen and inert in order to prevent the growth of
microbes and the subsequent rotting of the food. When nanocomposites are introduced into a polymer matrix, the
increased surface area of the nanocomposites provides for improved filler-matrix interactions as well as performance
(Bustamante-Torres et al., 2021). Nano reinforcement, which is also known as polymer nanocomposites, can function as a
tiny gas barrier since it increases the difficulty of the material's passage through the material. Complex metallic ores are
used in the production of nano clays, which are materials that are composite in nature. In order to enhance the quality of
food packaging and provide a barrier against the permeability of gases contained within the container, polymer clays
produced from nylons, polyolefins, PET, PA, epoxy resins, and poly methane are frequently utilized. In contrast, Durethan,
Imperm, and Aegis nano clay, all of which are composed of nano clay based on polyamide, have undergone extensive
development and are now available for commercial use. It has been praised for both its longevity and its level of
protection. Due to the fact that packaging is such an essential component of the marketing of a product, numerous
studies on cell-and-carbon nanotube nanocomposites have been conducted.

Antimicrobial packaging

Utilizing natural nanoparticles as a preventative measure against infections and spoilage brought on by the
proliferation of microbes is possible (Saleh and Abu-Dieyeh, 2021). Silver nanopatrticles can be found in a wide variety of
products, including bio textiles, electrical appliances, refrigerators, and kitchenware, to name just a few of these
categories. Its ions, in addition to silver nanoparticles in bulk, have the ability to obstruct a wide variety of biological
processes that bacteria engage in. Zinc oxide is found in a variety of polymers, including polypropylene, and these
properties become more pronounced as the particle size decreases. Zinc oxide has the ability to be activated by light and
has antimicrobial properties; also, it can be activated by light. Titanium dioxide can be used as a coating on packages to
prevent E. coli contamination of the contents. In order to help the disinfecting process along, silver is added to the
solution. Recent research has shown that an antibacterial property can be discovered in a biopolymer called Chitosan,
which is formed from chitin. Chitosan is also a great encapsulating material. Both the consumer and the manufacturer
would stand to gain a great deal in terms of health and convenience from the use of antimicrobial packaging (Sreekumar
et al., 2007; Abd El-Hack et al., 2020).

Biodegradable

The greatest concerning contributor to overall changes in environmental characteristics is pollution. The production of
non-biodegradable plastics contributes to the emission of harmful gases into the environment, which in turn contributes
to global warming. The production of a biodegradable polymer resulted in the material having a low mechanical strength
and a high permeability to both water and gases (Moustafa et al., 2019; Zhang et al., 2022). Materials for packaging that
are based on nanotechnology and possess qualities such as biodegradability, mechanical strength, and renewable
resources can be developed to solve these concerns. Other sources of nanoparticles besides metal oxide nanoparticles
and carbon nanotubes include animal and plant proteins, carbohydrates, and lipids. Nanoparticles can also be found in
carbon nanotubes. Collagen nanofibers, zein nanofibers, and corn cellulose nanofibers all have a porous structure on their
own. In the production of comfort packaging, these nanoparticles, in conjunction with nanoclays, are utilized. In addition
to this, they have the capability to operate as biocatalysts, sensors, and they also have the potential to inhibit the growth
of bacteria.
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CONCLUSION

Biodegradable synthetic polymers and liquid and solid lipids may also be used to create nano systems at ambient
temperature. It is argued that recent advances in the usage of nano systems such nanoparticles, nanotubes, composites,
and emulsions, are reviewed critically in this study. For food preservation purposes, nano dispersions may be supported by
polymers, although the main focus of this article was on providing information on nano systems and how they can be
used in various food substrates.
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ABSTRACT: The study aimed to investigate the comparative profitability of raising different breeds of small-
scale free range domestic pigeon in the Chattogram metropolitan area of Bangladesh. A cross-sectional
survey was carried out for a period of three months from July to September 2021 using a structured
questionnaire. Results indicated that there were no differences among the performance parameters of the
non-descriptive, Gola and Giribaz breeds of pigeon. However, the non-descriptive breeds produced more eggs
and thus squabs per year than the Gola and Giribaz. Similarly, the average pause size, feed supply per day
and market age were lower in the local breeds compared with Gola and Giribaz. Hatchability percentage of
the local breed was higher than the other breeds. Average mortality was moderately higher in the Giribaz. The
average flock size was 4.910.70 pair. The average annual egg and squab productions were 20.6+1.10 and
10.74£1.00 pairs, respectively. The average daily feed supply was 37.8+1.5 g/bird. The average clutch and
pause sizes were 2.0 and 17.3 day, respectively. Average market age, hatchability and mortality were
30.6+0.90 day, 51.4+2.20% and 7.6+1.6%, respectively. Mean feed and housing cost were 1008+24.7 and
443+42.8 Bangladeshi taka (BDT) per pair/year, respectively. Mean market price per pair adult and per
squab was BDT 365+18.6 and 130+4.9, respectively. Flock size and pause size had strong positive and
negative correlations with annual squab production. There were no significant differences between the net
profit of the farms rearing different breeds of pigeon. However, farms raising local breeds had the highest
annual net profit (BDT 823/pair) compared with other farms raising Giribaz (BDT 478/pair) and Gola breeds
(BDT 319.70/pair). Principal component analysis identified annual egg production and feed cost as the
principal eigenvector determining net profit. It was concluded that despite marginal profit, small-scale free
range domestic pigeon farming was economically viable for the subsistence of the rural livelihoods.
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INTRODUCTION

The pigeon is a common title for the individuals of the expensive family ‘Columbidae’ characterized by strong body, long
neck, little head and thick overwhelming plumage pattern (El-Haroun et al., 2008) who are related to human being since
ancient time. They are the most common type of birds found almost everywhere on the planet (Marques et al., 2007).
Pigeons are monogamous, extremely intelligent and complicated creatures of all the avian species (Silver et al., 1985).
They coexist with humans as a source of food, hobby, income and research purposes (Levi, 2020). The ‘squab’, i.e., the
young pigeon is a unique source of appetizing, delectable, easily digestible and elegant quality animal protein for human
being. They are popular among the people of all faiths. The squab meat is low in cholesterol and high in protein, minerals
and vitamins (Kokoszynski et al., 2020) which is thought to have therapeutic properties (Bu et al., 2018). The droppings of
pigeon act as a source of bio-fertilizer for home gardening. Moreover, they are used in genetic and hormonal studies
(Asaduzzaman et al., 2009). Rearing pigeon as a pet for recreation is becoming popular day by day. Hence, raising pigeon
has been one of the popular businesses among the young generations (Maity et al., 2020; Ahamed et al., 2021).
Bangladesh has a long tradition of raising different backyard poultry species (Bhowmik et al.,, 2014) because of
extensive tracts of croplands and housing facilities (Asaduzzaman et al., 2009). More than 60% of the rural households
that raise poultry are also found to raise pigeons either commercially or as a hobby (Asaduzzaman et al., 2009). There are
several popular breeds of pigeons, i.e., the King, Runt, Red Carneau, French Mondaine and Giant Homers used for squab
production while the Fantail, Crowned, Jacobin, Pouter, Swallow, Bokhara trumpeter and Frill back are raised as
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ornamental breed in all over the world including Bangladesh. Flying or homer breeds, i.e., the Racing Homers, Rollers and
Tumblers are possibly the most famous breeds used for endurance flying (Kabir, 2014). In Bangladesh, Giribaz is one of
the subcontinent's oldest pigeon breeds. The other local breeds of pigeon available are Gola, Siraji, Serting and Mayouri
(Islam, 2010).

Pigeon farming requires minimal capital investment, low feed and housing cost and simple husbandry practices. They
have rapid reproductive turnover with minimum disease incidence. They can simply eat grains, i.e., mustard, wheat, rice,
sorghum, corn, soy bean, peanut, fruits, insects, vegetables and grits (Canova, 2005; ChunQi et al., 2016). They can also
rely on mixed crumble or blends of cereals, minerals, grits and water. Although small-scale domestic pigeon provides an
alternative source of high-quality animal protein and household income generation, their contribution in family income
has not yet been estimated through systematic studies. Therefore, we aimed to elucidate the comparative profitability of
raising different breeds of pigeon in the Chattogram Metropolitan area of Bangladesh.

MATERIALS AND METHODS

Study design, area and duration
A cross-sectional survey was carried out for a period of three months from July to September 2021 using a structured
questionnaire in the Chattogram Metropolitan area which is one of the epicenters of pigeon farming in Bangladesh.

Farm selection

Total 10 different pigeon farms were selected where the main selection criteria were minimum one year of farming
experience, availability of pigeon house, currently having at least 02 pairs of pigeon reared in backyard system, free
family labor and no objection of the family members for keeping the pigeons.

Farmer’s interview

Farmers were interviewed in their own premises by one DVM intern of Chattogram Veterinary and Animal Sciences
University (CVASU). In order to get detailed information, interviewer interviewed only one farmer a day. It took around two
hours to interview a respondent. An observation list was completed during the farm visit. Institutional approval for
conducting interviews with the pigeon farmers was obtained from CVASU.

Data collection

Before, the field survey, a structured questionnaire and a survey protocol were developed to achieve targeted
objectives of the study. After briefing the objectives of the interview, verbal and written consents of the respondents were
taken. At least one week before starting the interview, the interviewer was given printed materials as guidelines for the
survey. The questionnaire included data related to farmer’'s personal information (age, educational level, farming
experience), breed, housing, feeding, management, egg and squab production, disease control, marketing and health of
pigeon. Data were collected for 100 pigeons.

Statistical analysis

Raw data were compiled into Microsoft excel professional 2019 (Microsoft corporation, USA). Outliers and multi-
collinearity in the data set were tested by inter quartile range test and variance inflation factors. Normality of the response
variable was checked by Shapiro Wilk test. Profile plots were used to measure the interactions of the covariates. The data
were analyzed by generalized linear model (GLM). Heatmap of multiple orthogonal contrasts were produced to check the
dimensionality and strengths of the co-variates. Kaiser-Meyer-Olkin measures of sampling adequacy and Bartlett’s test of
sphericity were applied to test the suitability of the dataset for the principal component analysis. The linear regression and
response surface models were fitted using SAS 16.2 (SAS Institute Inc.). When statistical effects were deemed significant
(P<0.05), the Duncan’s New Multiple Range Test (DMRT) was used to compare the means. All statistical tests were
performed by using Stata 14.1 SE (Stata Corp LP, College Station, Texas, USA). The following model was used to estimate
the effects of the predictors on dependent variables:

Yikn = Mo+ + Bik+ Vil F.eere Win + Eijikn
Where,
Yikn = The observed effect of the trait ‘i’ at the ‘j*’ level of the predictor ‘o’, the ‘k™’ level of the predictor ‘B, ‘It
level of the predictor ‘y'......and the ‘n®’ level of the predictor ‘w’;
Mo = The intercept of the regression model;
aij = The slope of the regression model for the trait ‘i’ at ‘jt"" level of the predictor ‘a’ observed on Yijin;
Bk = The slope of the regression model for the trait ‘i’ at ‘kt"’" level of the predictor ‘B’ observed on Yijin;
Yil = The slope of the regression model for the trait ‘i’ at ‘I'"” level of the predictor ‘y’ observed on Yijin;
win = The slope of the regression model for the trait ‘i’ at ‘nt"’ level of the predictor ‘w’ observed on Yijxin;
Eixn = The random sampling error of the trait ‘i’ at the ‘jt" level of the predictor ‘o', the ‘kt’ level of the predictor

‘B, ‘I of the predictor ‘y'......the ‘nt" level of the predictor ‘w’ which is distributed as €;~NID(0,c2).
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RESULTS

Socio-economy

Age of the pigeon farmers ranged from 27 to 50 year in the study areas. The farmers were classified into two age
groups, i.e., the young (25-40 year) and middle aged (41-55 year). It was evident that 90% of the farmers belonged to
young group and only 10% of them were middle aged. Accordingly, based on educational qualification the farmers were
further divided into three categories where 30% of them were graduate and above while another 30% received only
primary education. Unfortunately, remaining 40% of the farmers were illiterate who belonged to middle-class family with
annual income ranging from 12000-15000 Bangladeshi Taka (BDT).

Comparative indices

There were no differences (P>0.05) in the performance parameter of the non-descriptive, Gola and Giribaz breeds.
However, the non-descriptive breed produced more eggs and thus squabs per year than the Gola and Giribaz although the
differences were statistically not-significant (P>0.05). Similarly, the average pause size, feed supply per day and average
market age were lower in the local breeds than the Gola and Giribaz (Table 1). Hatchability percentage of the local breed
was higher (P>0.05) than the other breeds. Average mortality (%) was higher (P>0.05) in the Giribaz (Table 1).

Table 1 - Comparative performance of the three different breeds of pigeon in the Chattogram metropolitan area (N=100)

Breeds

Vari Local Gola Giribaz SEM1 P-value
ariables

Flock size (pair) 3.00 5.60 5.00 0.67 0.388
Annual egg production (no/pair/y) 22.0 20.6 19.7 1.143 0.814
Annual squab production (no/pair) 12.3 10.6 10.0 1.02 0.779
Average clutch size (d) 2.00 2.00 2.00 0.00 -
Average pause size (d) 16.0 17.2 18.3 0.79 0.644
Feed supply (g/bird/d) 35.5 38.2 38.7 1.50 0.785
Average market age (d) 29.0 30.8 31.3 0.88 0.696
Hatchability (%) 55.7 50.3 50.5 2.24 0.687
Average mortality (%) 8.00 6.00 10.0 1.60 0.609

1SEM = Standard error of the means

Overall indices

The mean farming experience of the pigeon farmers was 2.6+0.06 year (Cl=1.3-3.9) which ranged from 1-5 years
(Table 2). The average flock size was 4.9+0.70 pair (CI=3.4-6.4). The average annual egg and squab productions were
20.6+1.10 (CI=18.0-23.2) and 10.7+1.00 (CI=8.4-13) pair, respectively. The mean quantity of the supplied feed to the
pigeon was 37.8+1.5 g/bird/day (CI=34.4-41.2). The average clutch and pause sizes were 2.00 day and 17.3£0.80 day
(ClI=15.5-19.1), respectively. The average market age, hatchability and mortality were 30.6+0.90 day (Cl=28.6-32.6),
51.4+2.20% (Cl=46.3-56.5) and 7.61+1.6% (Cl=4.0-11.2), respectively. The mean annual feed and housing costs were BDT
1008+24.7 (CI=949-1068) and 443+42.8 (CI=346-540) per pair, respectively, where market prices per pair adult and per
squab were BDT 365+18.6 (CI=323-407) and 130+4.9 (Cl=119-141), respectively. The heatmap showed the orthogonal
correlation between different descriptive parameters (Figure 1). Strong positive correlations were evident among flock
size, feed supply, hatchability and annual squab production (Figure 1). On the other hand, pause size had a strong
negative correlation with the annual squab production. Despite maximum pause size, net profit was maximum while
squab production reached at peak (Figure 2). Overall, annual egg production, flock size, farming experience and squab
production contributed maximum net profit (Figures 1-5; Table 2-3).

Table 2 - Least square means of the common variables for the small-scale free range domestic pigeon farming (N=100)

Descriptive statistics® . 95% ClI

Variables i s RS T SEM Min. Max.
Farming experience (y) 1.00 5.00 2.60 0.60 1.30 3.90
Flock size (pair) 2.00 9.00 4.90 0.70 3.40 6.40
Annual egg production (pair) 15.0 28.0 20.6 1.10 18.0 23.2
Annual squab production (pair) 8.00 18.5 10.7 1.00 8.40 13.0
Feed supply (g/bird/d) 32.0 47.0 37.8 1.50 34.4 41.2
Average clutch size (d) 2.00 2.00 2.00 - - -
Average pause size (d) 14.0 22.0 17.3 0.80 15.5 19.1
Average market age (d) 28.0 36.0 30.6 0.90 28.6 32.6
Hatchability (%) 42.0 66.1 51.4 2.20 46.3 56.5
Annual feed cost/pair (BDT) 864 1152 1008 24.7 949 1068
Market price per squab (BDT) 110 150 130 4.90 119 141
Market price per pair adult (BDT) 280 450 365 18.6 323 407
Average mortality (%) 2.00 18.0 7.60 1.60 4.00 11.2
Housing cost/pair/y 305 700 443 42.8 346 540

1Min= Minimum; Max= Maximum; SEM= Standard error of the means; Cl= Confidence interval; 2BDT = Bangladeshi taka (1 $USD=93.0 BDT)
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Table 3 - Component score of the intra and inter cluster regression co-efficient of the principal component analysis for

the small-scale free range domestic pigeon farming (N=100)

Cluster Members R2 with own cluster  R2 with next closest 1-R? ratio
1 Annual egg production (no) 0.91 0.02 0.09
1 No. of pigeons (pair) 0.89 0.03 0.11
1 Farming experience (y) 0.86 0.01 0.15
1 Annual squab production (no) 0.84 0.04 0.17
1 Mortality (%) 0.39 0.08 0.66
2 Price per squab (BDT) 0.77 0.00 0.23
2 Market age (d) 0.77 0.01 0.23
2 Cost of feed (BDT) 0.74 0.13 0.29
2 Feed supply (g/bird/d) 0.56 0.08 0.48
2 Cost of housing (BDT) 0.32 0.07 0.73
3 Pause size (d) 0.83 0.08 0.19
3 Price per adult pair (BDT) 0.63 0.12 0.43
3 Hatchability (%) 0.59 0.25 0.54

N

BDT = Bangladeshi taka (1 $USD = 93.0 BDT)
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Figure 1 - Heatmap showing orthogonal contrasts of the production indices for the small-scale free range domestic pigeon

farming in the Chattogram metropolitan area, Bangladesh (N=100)
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Figure 2 - Principal component analysis showing influence of the predictors on principal component 1 (36.9%; ‘y’ axis) and

component 2 component 1 (23.7%; ‘x’ axis) for the small-scale free range domestic pigeon farming
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Figure 5 - A response surface model to predict the influence of average pause size (day) and annual squab production (no)
on net profit (BDT; 1 USD=93.5 BDT) for the small-scale free range domestic pigeon farming (N=100)

Cost-benefit analysis

The net profit of rearing different breeds of pigeon significantly (P<0.01) differed. The farms raising local breed of
pigeon obtained the highest annual net profit (BDT 823/pair) compared with other farms rearing Giribaz (BDT 478/ pair)
and Gola breeds (BDT 319.70/pair) of pigeon (Table 4). Although, hierarchical clustering clearly stood out Gola, principal
component analysis identified annual egg production and feed cost as the principal eigenvector determining net profit.

Table 4 - Cost-benefit analysis of the different breeds of pigeon for the small-scale free range domestic pigeon farming

(N=100)

Breeds

Variables Local Gola Giribaz SEM1 P-value
Feed cost/pair/year (BDT2) 996.0 1018 1000 1.10 0.948
Housing cost/pair/year (BDT) 348.5 515.2 385.7 42.8 0.250
Market price per breeding pair (BDT) 395.0 356.0 360.0 18.6 0.767
Other costs/pair/year (BDT) 500.0 500.0 500.0 - -
Total costs (BDT) 2240 2389 2246 51.6 0.675
Market price/pair squab (BDT) 250.0 256.0 273.3 4.94 0.712
Total income from squab sale (BDT) 3063 2709 2724 65.3 0.374
Net profit/adult couple (BDT) 823.02 319.7¢ 478.6° 46.3 0.001

1SEM = Standard error of the mean; 2BDT = Bangladeshi taka (1 $USD = 93.0 BDT)

DISCUSSION

Socio-economy

In the present study, most of the pigeon farmers were literate, young to midddle aged who socially belonged to
middle class. Age of the pigeon farmers observed in our study although corresponds with Rahman (2002) but contradicts
with the findings of Asaduzzaman et al. (2009). Accordingly, the majority of the pigeon farmers were literate in our study
which further opposes a previous study (Asaduzzaman et al., 2009) where 53.3% of the pigeon farmers were illiterate.
The differences could possibly be explained for the location of study area. Our study was conducted in the Chattogram
Metropolitan whereas the above study was held in the Gouripur upazilla of Mymensingh district. Chattogram being the

divisional district has far more literacy level and per capita income of the pigeon farmer compared with mymensingh
district.
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Comparative indices

In our study, local non-descriptive breeds of pigeon produced more eggs and squabs per year than the Gola and
Giribaz although the results were not statistically significant. On the other hand, average pause size, feed supply per day
and average market age were pretty lower in the local breeds than the Gola and Giribaz which ultimately helped in
increasing productivity of the local breeds (Kabir, 2013). Interestingly, hatchability percentage of the local breed was
higher than the other breeds and average mortality was slightly higher in Giribaz. The differences could have possibly
been arisen in our study since pigeons were reared in scavenging system whereas in other studies the pigeons were
reared in confinement (Abdel et al., 2019).

Overall indices

In our study, most of the backyard pigeon farmers had an average flock size of 4.9 pairs. The average annual egg and
squab productions were 20.6 and 10.7 pairs, respectively. Squab production peaked at 18.5 pairs per year. According to
Levi (2020), a successful commercial pigeon couple may produce 18 to 20 squabs per year although Abd el azeem et al.
(2016) reported 11.4 squabs/pair/year. This discrepancy in squab production could be attributable to the genotype and
geographical variables as well as the absence of one or both parents. In our study, the mean quantity of the supplied feed
to the pigeon was 37.8 g/bird/day. ChunQi et al. (2016) reported that feed intake per pigeon per day was 47.4 g which
was slightly higher than the present study. The differences could have possibly been because the pigeons were reared in
scavenging system and farmers provided only supplementary feeding. Whereas, in other studies the pigeons were reared
in confinement. The usual market age, hatchability and mortality were 30.6 day, 51.4% and 7.6%, respectively which is
aligned with the report of Levi (2020) where marketing age was reported to be 25 to 35 day with an average of 30 day.
The mean feed and housing cost were BDT 1008 and 443/pairs/year, respectively where market price per pair adult and
per squab were BDT 36 and 130, respectively. In a previous study, maximum construction cost of pigeon house was
Tk.150, minimum cost was Tk. 70 and the average cost was Tk. 113 (Asaduzzaman et al., 2009). These variations of
construction materials may be due to day by day increasing market price.

Cost-benefit analysis

We estimated that farms rearing local pigeons obtained highest profit (BDT 823/pair) than the farms raising Giribaz
(BDT 478/pair) and Gola (BDT 319.70/pair). The reasoning could be the lower feed and housing cost/pair/year and better
squab producing capacity of the local breed than the other commercial breeds. This study further demonstrated that the
free range domestic pigeon raising can be a good source of domestic income for small scale sustainable farmers. The
productivity and profitability of pigeon can be increased if the vaccinations, medications and balanced feed formulations
can be ensured at farm level.

CONCLUSION

The non-descriptive local breeds of pigeon produce more eggs and thus squabs per year exhibiting higher hatchability,
better survivability, lower pause size, average daily feed intake, market age and mortality than the Gola and Giribaz
breeds under traditional low-cost management systems. The local breeds of pigeons are economically more viable than
the Gola and Giribaz breeds, hence, more preferable for subsistence rural livelihood. The small-scale free range domestic
pigeon farming plays a potential role for the consistent income generation of the unemployed young people in
Bangladesh.
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ABSTRACT: This study was conducted to characterize the existing sheep breeding strategies as an essential 23z A
step in designing a breeding program for linking sheep production in the Simien mountain region of Ethiopia. § é § % {,",
Interview with sheep keepers, direct ranking method of traits, and field observations were carried outin @ 2 2 |y T
selected districts of Simien mountain region. Sheep kept mainly as a source of income, saving and meat with E < =% ;
an index value of 0.27, 0.21, and 0.20 in the Beyeda district whereas the corresponding value for Janamora =N g S O
was 0.26, 0.22, and 0.19, respectively. Mean sheep flock sizes were 14.9 and 16.2 in Beyeda and Janamora & N g ==
districts of Ethiopia. Natural and uncontrolled breeding was common in the Simien mountain region of N § o § >
Ethiopia. Coat color, body conformation, and fast growth rate were important traits in selecting breeding rams N » S 3
in both study districts. Coat color and appearance were selection criteria for breeding ewes in both study N S 6
districts. It is observed that Simien sheep is highly valued for its tasty meat and produce under low input N E

conditions. However, the survival of Simien sheep is endangered due to uncontrolled breeding, intervention
failures in livelihood, and market-oriented agricultural systems. In conclusion, the main breeding objective for
sheep production have been defined as increasing meat production and marketed animals and this is driven
by market demands. Compared with other local sheep types, Simien was rated highly by both producers and
consumers in their tasty meat. These characteristics make the Simien sheep economically more important.
Yet Simien sheep need to be conserved as they could serve as a source of safe and tasty products for
consumption.

Keywords: Breeding practice, Livestock population, Mountain region, Sheep flocks, Simien sheep.

INTRODUCTION

Ambhara region is believed to have the largest livestock population in Ethiopia with 11 million of sheep population (CSA,
2020). It is about 73 to 75% of the sheep population is located in the highland areas of the country. Sheep are
economically important for the national economy and the farm household. It accounts for about 15 to 17% of national
GDP and 35 to 49% of agricultural GDP (CSA, 2018). Sheep contribute about 37 to 87% of household incomes, providing
food and non-food products. Though Ethiopia is known for its huge sheep population, livestock production systems are
generally subsistence-oriented and productivity is very low (Belachew and Jemberu, 2003).

The present productivity of sheep has frequently been reported to be low when compared to other countries in the
world or Africa (ILRI, 2011; Yohannes et al., 2018). Getahun et al. (2014) also revealed that the productivity of indigenous
sheep in terms of meat has been limited by poor genetic potential. In Ethiopia, there are about 14 traditional sheep
breeds (Solomon, 2008), among which Simien sheep is highly valued for its delectable meat and adaptation to the harsh
and low-input production environment (Surafel et al., 2012). Sheep products in the form of meat have great importance
and provide different nutrient that contributes to the improvement of the nutritional status of the rural poor in the region
(Habtamu, 2015; Birara, 2016).

These subsistence sheep farming are also key sources of income and employment. Hence, the current drive for rapid
livestock development through linking sheep production with tourism requires research to designh and implement suitable
breeding strategies so as to improve productivity and conserve indigenous breeds. Among the various factors, the
absence of planned genetic improvement programs for local breeds is one of the causes for losing their competitive
advantage, especially where production systems or external conditions are subject to change (Hiemstra et al., 2007).
Therefore, improvement and conservation of Simien sheep genetic resources could be imperative as it has been
contributing to sheep genetic diversity in Ethiopia (Hailu et al., 2020; Desalegn et al., 2022). There is a need to design and
implement appropriate breeding strategies to improve the productivity of Simien sheep to utilize and increase its
contribution to its keepers and thereby enhance its conservation by the community. However, the lack of detailed
information about the existing breed management, traditional breeding practice, and identification of important traits, are
perceived to be the most important hindrance for genetic improvement and the development of conservation programs.
Lack of such information is a serious constraint to effective prioritization and planning of breed conservation measures
including sustainable breeding strategies (Solomon et al., 2013).
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Thus, characterization of breeding practices and identification of breeding objective traits would help to ensure
sustainable use and development of sheep genetic resources. Hence, the aim of this study was to characterize the
existing sheep breeding practices and identify traits in relation to the breeding objectives of the community for designing
a sustainable selective breeding program to improve productivity and conservation of Simien sheep breed.

MATERIALS AND METHODS

Study area description

The study was carried out in Janamora and Beyeda districts of the Simien Gondar Zone of the Amhara region. Both
districts are found in the Simien mountain and Ras Dejen mountain, the highest point in Ethiopia. The Simien mountain
found between 13° 11'N latitude and 38° 04'E longitude. The areas have an altitude range of 2000-3900 m.a.s.l and the
mean annual temperature and rainfall of 12.4°C and 974 mm (Surafel et al., 2012). The production system of both
districts is characterized as small-scale barley-dominated mixed crop-livestock system. Sheep production is a common
practice. The map of the study areas is presented in Figure 1.
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Figure 1 - Map of the study areas

Study approach

Participatory rural appraisals were conducted on characterizing indigenous breeding practices and trait preferences.
This was done in rural kebeles by individual interviews, focused group discussions (FGDs) and direct flock ranking. Field
surveys were carried out in three randomly selected rural kebeles. For field survey a total 184 of sheep owners were
randomly selected (92 sheep owners from each district). The participant sheep owners were selected based on their
indigenous knowledge. A purposive sampling was undertaken to target sheep owners in the study areas who were
believed to possess more indigenous knowledge and experiences about Simien sheep. Among the recommended rural
participatory approach, direct ranking experiment adopted from (Solomon et al., 2010; Yohannes et al., 2017) was used
to identify trait preferences and selection criteria of sheep owners. Traits of rams and ewes were identified through an in-
depth interview and discussion with sheep owners to rank the traits in order of importance. Focus group discussions were
held with development agents, key informants and elders. These discussions were used to obtain information about
farmers’ reasons for keeping Simien sheep, breeding practice and trait preferences.

1410000
1410000

Data analysis

The statistical software SPSS Ver. 20.0 (2012) was used to analyze the data from field survey and participatory
identification of trait preferences. Farmer’s preference rankings were summarized into index as weighted averages. The
index was computed using the following formula as suggested by Kosgey et al. (2008). Index = Sum of (3 X number of
household ranked first + 2 X humber of household ranked second + 1 X number of household ranked third) given for an
individual reason, criteria or preference divided by the sum of (3 X number of household ranked first + 2 X number of
household ranked second + 1 X number of household ranked third for overall reasons, criteria or preferences.
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RESULTS AND DISCUSSION

Sheep production objectives

Finding out the purpose keeping for sheep of the farmer gives an indication of their breeding objectives (Solomon et
al., 2013). The reasons for keeping sheep are rational and related to the farmers’ needs in the long or short term. Table 1
presents the sheep production objectives of farmers in the Simien mountain region. The result shows that sheep play
multi-functional roles in both study districts with similar production objectives whereby their income, saving and meat
consumption function ranked as paramount importance. While functions like skin and wealth were received lower
ranking, respectively. The multipurpose functions of sheep in low-input traditional systems were reported in Ethiopia
(Tesfaye et al., 2010; Desalegn, 2019) and elsewhere in Africa (Wurzinger et al., 2011; Zonabend et al.,, 2015). This
implies that multiple functional roles are particularly important in low and medium-input-out sheep production systems in
developing countries. Thus, a successful breeding program could be mainly achieved through including the cultural, social,
and environmental benefits in the breeding objectives for sheep under smallholder production systems in the tropics.
Therefore, considering the different socio-cultural perspectives of the sheep owners is important in the adoption of any
breeding program.

Flock characteristics

The study of flock characteristics helps in the design of breeding programs. As indicated in Table 2, the flock size of
sheep was higher in Janamora than Beyeda district. The mean flock size in the present study was comparable to reports
of Solomon et al. (2007), Yohannes et al. (2017) and Desalegn (2019) for Gumuz and Simien sheep. In Beyeda, 51.3%,
24%, 17.3 %, and 3.7% of the flock are ewes, young, lamb, and rams, respectively. Similar trends are observed In
Janamora (42.1%, 32.9%, 20.2 % and 3.54%). The larger proportion of breeding ewe obtained was comparable with
previous results reported 46.80% for Menz sheep and 49.2% for Afar sheep (Tesfaye et al., 2010), and 38.9% for central
Tigray sheep (Hagos et al., 2015). The proportion of higher breeding ewe in both districts would imply the production of a
larger number of lambs (selection candidates) which in turn might increase the intensity of selection and thus ensure the
effectiveness of selective breeding. The low proportion of breeding rams in both study districts indicated the tradition of
marketing young ram lambs because of the greater dependence on sheep production.

Table 1 - Ranking of the sheep production objectives by smallholder farmers

Study districts Beyeda (N=92) Janamora (N=92)
Production objectives R1 R2 R3 Index R1 R2 R3 Index
Income 29 23 16 0.27 28 22 17 0.26
Meat 17 20 18 0.20 17 19 17 0.19
Saving 21 20 15 0.21 22 20 14 0.22
Manure 11 12 22 0.14 10 11 21 0.13
Skin 5 9 5 0.07 5 8 6 0.06
Wealth 10 9 17 0.12 9 11 16 0.11

Index = [(3 x number of households ranking as first + 2 x number of households ranking as second + 1 x number of households ranking as

third) for each objective]/ [(3 x number of households ranking as first + 2 x number of households ranking as second + 1 xnumber of
households ranking as third) for all purposes of keeping sheep].

Table 2 - Flock size and structure of Simien sheep

Mean flock size and size of each age class as a proportion of the total flock

- Beyeda(N=92) Janamora(N=92)
Class of animal
N Meanz SD Range % N Meanz SD Range %

Lamb < sex month 241 2.54+1.95 0-10 17.3 266 2.85+1.59 0-8 17.82
Ram 6-12 month 97 1.04+0.83 0-3 6.98 190 2.09+1.47 0-7 12.74
Ewe 6-12 month 239 2.57+1.57 0-10 17.2 301 3.29+1.67 0-7 20.18
Breeding ewe > 1yr 713 7.6745.17 0-24 51.3 629 6.8014.42 0-20 421
Breeding ram>1yr 51 0.56+0.93 0-5 3.7 24 0.26+0.49 0-2 3.54
Castrated 49 0.53+0.74 0-5 3.54 83 0.91+0.77 0-3 5.56
Total 1390 14.91+4.8 1-50 100.0 1493 16.2+7.24 2-50 100.0

N = Number of households; % = percentage of each age class; SD = standard deviation.

Breeding managements

The flock herding practices of farmers reflect their breeding management and have serious implications for the
design of controlled breeding activities. As indicated in Table 3, all sheep type of more than one household was herded
together as a flock, as reported by 76% of sheep owners. As a result, there is a possibility of mixing. A similar finding is
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also reported by Tesfaye et al. (2010) and Girma et al. (2013) in the central highlands of Ethiopia. This flock mixing
practice would be a good opportunity for implementing the community-based breeding program and it facilitates ram
exchange which is one of the major components of the community-based breeding program.The migration of children and
youth to zonal and regional cities for house servants and daily laborers has also forced them to keep sheep with other
livestock. Yohannes et al. (2017), Desalegn et al. (2019) and Kiflay et al. (2019) also confirmed that sheep were herded
together with other livestock species in northwestern Ethiopia.

As presented in Table 4, pure breeding of Simien sheep was practiced in the Simien mountain region. This implies the
importance of pure breeding strategies for the conservation and improvement of Simien sheep. 91.4% for the Beyeda
farmers and 84.6% of Janamora farmers confirmed that ram use and breeding are generally natural and uncontrolled in
the Simien mountain region. Solomon et al. (2011), Surafel et al. (2012), Hayelom (2013), Yohannes et al. (2017) and
Desalegn et al. (2019) reported that uncontrolled mating occurred predominantly in most traditional production systems.
The primary reason for uncontrolled mating was the use of communal grazing areas, which is followed by a lack of
awareness and sailing of male lambs at an early age. This may be contributed to the inbreeding, early breeding of
females, and decrease genetic diversity resulting in low conception rate, low birth weight, low survival rates, and the gene
pool narrows. This has to be taken into consideration when implementing a breeding program for Simien sheep.

Very few numbers of sheep owners practiced controlled breeding in which a group of ewes is left with one or more
rams to mate due to strong extension services to ensure that rams are used efficiently to maximize the benefit (Zewdu et
al., 2012). The reason for controlled mating was primarily to get the best animals for market. Previous studies also
indicated that controlled mating is crucial for the successful implementation of genetic improvement and conservation
programs (Solomon et al., 2010; Yohannes et al., 2018). This study also confirmed that few proportions of rams are used
for breeding purposes. When rams were not available in their flocks, owners got the service from neighbors. These results
are in line with the report of Zewdu et al. (2012), Tesfaye et al. (2016), Yohannes et al. (2017) and Kiflay et al. (2019)
elsewhere in Ethiopia.

Table 3 - Herd management of Simien sheep

Respondents (%) Beyeda Janamora

Herding practices N % N %
Sheep together with cattle 24 26.9 23 231
Sheep together with goat 13 10.8 12 16.5
Sheep together with equine 10 9.7 11 14.3
All herded together 40 45.2 39 40.7
Sheep herded separately 6 7.5 6 5.5
Household sheep herding system

Sheep of a household run as a flock 23 24.7 22 24.2

Sheep of more than one household run like a flock 70 75.3 69 75.8

N =number of observations, % = percentage of proportions

Table 4 - Breeding management of Simien sheep

Proportion (%) Beyeda Janamora
Breeding type practices N % N %
. Pure breeding 93 100 91 100
Breeding type i
Crossbreeding - - - -
e Uncontrolled 83 914 80 84.6
Controlled 10 8.6 11 15.4
Source of ram o 66 78.5 65 63.7
Purchase 27 215 26 36.3

N =number of observations, % = percentage of proportions

Selection criteria for breeding ram and ewes

Within their herds, the majority of responders chose potential breeding rams and ewes. Selection practices, including
selection criteria used in the Simien mountain region, but the selection of rams was more frequent than for ewes as it has
been recorded previously in other districts of SNRS (Fekerte, 2008). In Beyeda, males are selected at 6-7 months, while in
Janamora they are 5-6 months. This figure is comparable to the report of Tesfaye et al. (2010) but longer than Zewdu et
al. (2012) who reported 4.39 x 2.24 months for Horro rams.

Based on the reasons for keeping sheep, the breeding goals of farmers can be defined. The main breeding goal of
farmers in the Simien mountain region for Simien sheep is to improve their market value through increased meat
production. Selection criteria for selecting breeding rams are presented in Table 5. Among the selection criteria
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considered, coat color was an important selection criterion. Its index varied with districts and red, white, or mixed colors
were more preferred in the study areas. It is ranked first by sheep owners in Beyeda and Janamora with an index value of
0.28 and 0.32, respectively. In Beyeda physical appearance and growth rate were ranked second and third with an index
of 0.23 and, 0.10 respectively. Similarly, appearance and, growth rate, were ranked the second and, third selection
criteria in Janamora with an index value of 0.21 and 0.09, respectively. This might be due to the association of good
physical appearance of the ram with high carcass output and fetch premium price. Across districts, physically observable
traits such as coat color, appearance, and horn should be considered alongside production traits in decision making to
define breeding objectives of sheep owners in the sheep barley-dominated production system and to emphasize in
selecting breeding rams, as their index values differed among districts.

Selection criteria for selecting breeding ewes are presented in Table 6. However, their index value differed among
districts; appearance and coat color were two of the most important breeding ewe selection criteria in both study districts.
In Beyeda, sheep owners have given attention primarily to appearance (index=0.21) while coat color and appearance
were ranked as the first and second selection criteria for breeding ewes in Janamora district. Similar selection criteria
were reported by Tesfaye et al. (2010) and Helene et al. (2013) in the Menz district and eastern Ethiopia respectively.
Twining ability was ranked as the third selection criteria for ewes in Beyeda and Janamora with an index of 0.14 and 0.13,
respectively.

Table 5 - Breeding objective traits for the Simien breeding ram

Rank indexes of breeding objective traits

. L . Beyeda Janamora Overall
Breeding objective traits R1 2 RS index R1 R2 R3  Index | Index
Coat color 24 32 21 0.28 23 32 21 0.32 0.3
Appearance 25 11 22 0.23 25 10 21 0.21 0.22
Breeding efficiency 2 7 3 0.04 3 6 3 0.04 0.04
Paternal history 5 13 2 0.08 5 13 2 0.07 0.08
Maternal history 5 8 3 0.06 5 7 3 0.05 0.05
Libido 0 0 6 0.01 0 0 6 0.01 0.01
Growth rate 10 8 10 0.10 9 8 9 0.09 0.1
Meat yield 0 0 5 0.008 0 0 5 0.09 0.05
Temperament (0} (0} 2 0.003 (0} (0] 2 0.004 0.003
Adaptability 7 6 1 0.06 7 7 1 0.07 0.06
Tolerance 4 0 6 0.03 4 0 7 0.03 0.03
Walkability 3 (0] 4 0.02 2 0 4 0.01 0.01
Horn 8 8 8 0.09 8 7 7 0.08 0.08

R =Rank, Index = [(3 x number of households ranking as first + 2 x number of households ranking as second + 1 x number of households
ranking as third) for each selection criterial/[(3 x number of households ranking as first + 2 x number of households ranking as second + 1 x

number of households ranking as third) for all selection criteria for all traits].

Table 6 - Breeding objective traits for the Simien breeding ewe

Rank indexes of breeding objective traits

Breeding objective traits S SN yerdll
R1 R2 R3 Index R1 R2 R3 Index Index
Coat color 21 20 18 0.21 21 19 17 0.23 0.22
Appearance 21 22 21 0.23 20 21 19 0.22 0.23
Lamb survival 12 12 7 0.12 12 12 8 0.12 0.12
Paternal history 3 1 2 0.02 3 2 2 0.03 0.025
Maternal history 4 1 (0} 0.03 4 1 (0] 0.02 0.025
Age at first sexual maturity 3 2 2 0.02 3 2 3 0.03 0.025
Lambing interval 3 7 6 0.05 3 6 6 0.05 0.05
Litter size\twinning 13 13 11 0.14 12 13 11 0.13 0.13
Meat yield (0} (0} (0} 0 0 (0] (0] (0] 0
Temperament (0} (0} 3 0.05 (0} 0 3 0.05 0.05
Mothering ability 13 11 11 0.13 13 11 10 0.13 0.13
Walkability 0 0 0 0 0 0 0 0 0
Adaptability 0 5 5 0.08 0 0 5 0.09 0.09
Tolerance 0 7 7 0.01 0 4 7 0.03 0.19

R =Rank, Index = [(3 x number of households ranking as first + 2 x nhumber of households ranking as second + 1 x number of households
ranking as third) for each selection criteria]/[(3 x nhumber of households ranking as first + 2 x number of households ranking as second + 1 x

number of households ranking as third) for all selection criteria for all traits].
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CONCLUSION

Sheep production is an important component of the farming activity in the Simien mountain region through providing
organic sheep meat to the local communities. The main breeding objective for sheep production have been defined as
increasing meat production and marketed animals and this is driven by market demands. Compared with other local
sheep types, Simien was rated highly by both producers and consumers in their tasty meat. These characteristics make
the Simien sheep economically more important. Participatory identification of breeding objective traits indicated
observable traits were preferred for selecting breeding animals. This implies that designing sheep improvement strategies
in the area should primarily target meat production traits. The current information from breeding practices and
participatory identification of breeding objective traits provided baseline information to design effective and sustainable
genetic improvement and conservation programs for the Simien sheep breed. Conservation of Simien sheep genetic
resources could be imperative as these have been contributing most to the sheep genetic diversity in Ethiopia.
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ABSTRACT: The water mold Saprolegnia parasitica is a chief species of oomycetes that affects a wide
range of plant, natural ecosystems, fish and the aquaculture industry. The current study aimed to
investigate the isolation and identification of some aquatic fungi like Saprolegnia spp. and also molecular
characterization of Saprolegnia parasitica in the water of Al-Diwaniyah river of Iraq using the baiting
method for isolation and PCR polymerase chain reaction for molecular diagnosis of fungi. A total of 60
samples were taken from three study sites of river: 25 samples of Al-Shafi’iah city bridge (Najaf road) as
first site (S1); 25 samples of Hawly Al-Jamiah road bridge, Umm Al-Khail area, as second site (S2); and 10
samples of Al-Orouba bridge as the third site (S3). Molecular diagnosis was carried out by PCR examination
using primers for the rDNA gene and its presence in Saprolegnia parasitica, as DNA was obtained at a
concentration of 685.4-99.4 ug/pl and a purity of 1.92-1.8. The samples from the first site gave the
highest number of 18 isolates (45%), followed by samples from the second site with 14 isolates (35%). The
samples from the third site showed a number of 10 isolates (20%). The species S. parasitica was more
visible during February 2020 with a number of 17 isolates, and less visible in April 2021, with a number of
3 isolates. In conclusion, the variation in the presence of the types of infectious aquatic fungi
Saprolegnia spp. in the Al-Diwaniyah river of Iraq in different sites and months of 2021 showed a
high percentage of isolates for Al-Shafi'iah city bridge (Najaf road) site and the highest number of
Saprolegnia parasitica in February 2020. There is a need for further examination of oomycetes in
different sites of rivers of Iraq in different months.
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INTRODUCTION

Water is the necessary factor for the life of living organisms, and it is one of the most important basic elements of the
environment on which animal and human life and all his activities are based. Fresh water constitutes the remaining area,
and rivers constitute a suitable environment for the growth of several biological communities of micro-organisms such as
fungi, bacteria, parasites and viruses (Frenken et al., 2019; Al-Maliki et al., 2021).

Oomycetes is one of those organisms that spread in the aquatic environment, as it plays an important role in the
balance of the aquatic environment, especially fresh water, as it analyzes many pollutants and substances through its
enzymes that secrete them. They are very sensitive to the efficacy of toxic substances in water (Tsui et al., 2015).

Saprolegnia parasitica is a species that infect a wide range of plant and also cause economically important diseases in
animals especially in aquatic animals (Earle and Hintz, 2014). This fungus is characterized by the ability to infect fish and their
eggs. So, researchers are recently focused on new methods for controlling this important infection agent (Tedesco et al.,
2019; Mostafa et al., 2020; Zhang et al., 2021). Some relative studies have been conducted in Iraq for detection of
possible problems in rivers and also its effect on fish health (Touhali and Al-uguali, 2018; Ali et al., 2020; Al-Hassani and
Mustafa, 2022).

Mustafa et al. (2019) had reported that presence and concentration of hydrogen peroxide can be useful for
controlling Saprolegniasis in fish (common carp). Ali et al. (2020) stated that Saprolegnia can have economic hazards due
to lethal infection of fish, based on their studies on samples taken from Mosul, Iraq.

With attention to importance of these infectious agents in water health and also aquatic health, the purpose of the
study was to survey of aquatic fungi, especially Saprolegnia parasitica in the water of Al-Diwaniyah River, and to conduct a
phenotypic and molecular diagnosis of the fungus.
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MATERIALS AND METHODS

Samples collection

Water samples were collected monthly for the period from December 2020 to May 2021 at ten samples in the
morning from the study sites represented by the Al-Diwaniyah River in three sites represented in the first site (S1) Al-
Shafi’iah City Bridge (Najaf Road), and the second site (S2) (Hawly Al-Jamaa Road Bridge, Umm District, Horses), and the
third site (S3) (Al-Orouba Bridge). Water samples were taken from all areas of the river from its sides and middle, i.e.
square, during the above-mentioned period, i.e. in winter, spring and early summer. Under the surface of the water, at a
depth of 20-30 cm, after filling, it was sealed tightly while it was under the surface of the water and was then transferred
to the laboratory for laboratory tests.

Fungi isolate

Baitting method

The aquatic fungi were isolated in the current study by the baiting method according to what was mentioned by Al-
Rekabi et al. (1996) and Pennisetum spicatum seeds were used as baits for this purpose.

Purification and maintenance of pure cultures

After the emergence of fungal growths, the purification process was carried out by cutting one fungal thread near
the top with sterile metal forceps, and transferred under sterile conditions to SDA medium. A piece of culture medium
containing the fungal ends was transferred with a 6 mm or 5 cork borer to sterile Petri dishes containing three millet
seeds, 15 pl sterile distilled water and one ml of anti-chloramphenicol (Kiziewics, 2006).

Diagnosis of aquatic fungi

The isolated and developing fungi were diagnosed by grafting method based on the phenotypic and agricultural
characteristics of the developing colonies and this includes the shape, color and nature of colony growth, as well as using
the microscopic phenotypic characteristics of fungal hyphae and sexual and asexual reproductive structures and based on
the taxonomic keys mentioned by Watanabe (2002).

Diagnostic method using PCR polymerase chain reaction

A PCR assay was performed to investigate the fungus Saprolegnia parasitica, by using the primers of the 18S rDNA
gene to diagnose the fungus, according to the manufacturer's instructions which is similar to the methods of Paul et al.
(2015) and Al-Maliki et al. (2021).

Fungus DNA Extraction

DNA extraction was carried out from fungi colonies samples using the EZ-10 Spin Column Fungal Genomic DNA
Mini-Preps Kit from the Korean company Bioneer. The extraction was carried out according to the company's instructions,
which are: 1- About 200 mg of fungal growth colonies were transferred to a sterile ceramic container using liquid nitrogen
at a temperature of -169°C (below zero). Then the fungal colonies were crushed and then transferred to sterile 1.5 pl
tubes; 2- After that, 180 ul of Universal Digestion Buffer and 20 ul of Proteinase K were added to each sample and then
mixed well with the Vortex mixer and then the samples were incubated at 56°C for 30 minutes; 3- Then 100 ul of
Universal Buffer PF solution was added and mixed by inverting and then the tubes were incubated at -20°C for 30
minutes; 4- The samples were placed in a centrifuge at a speed of 10000 rpm for 5 minutes. Then transfer the
supernatant to a new 1.5 ul tube; 5- Then 100 pl of Universal Buffer BD solution was added and mixed well with a mixture;
6- After that, Absolute ethanol 96% was added to all samples and mixed well with a mixture; 7- The mixture was
transferred to special tubes containing a DNA extraction filter equipped with the EZ-10 column kit, which were placed
inside university collection tubes with a capacity of 2 pl, and then placed in a centrifuge at 22000 rpm for one minute,
and then the precipitate was disposed of; 8- Then 500 pl of Universal PW Solution was added and the tubes were placed
in a centrifuge at 12000 rpm for 1 minute and then the precipitate was discarded; 9- Then again 500 ul of Universal Wash
Solution was added and then the tubes were placed in a centrifuge at 12000 rpm for 1 minute and then the precipitate
was discarded; 10- The DNA-containing EZ-10 column was placed in sterile 1.5 pl tubes and the tubes were then placed in
a centrifuge at 12000 rpm for 2 min to dry the EZ-10 column membrane from alcohol and then the precipitate was
discarded; 11- After that 50 ul of TE Buffer solution was added to dissolve the DNA inside the EZ-10 filter column and then
incubated at room temperature for one minute and then all tubes were placed in a centrifuge at 12000 rpm for one
minute to collect the DNA and then transferred to storage At -20°C in the refrigerator until use in the PCR test.

DNA profile assay

The DNA is extracted from the fungal samples through the use of the Nanodrop spectrophotometer (THERMO, USA)
to detect and measure the concentration of nucleic acids (DNA and RNA), where the DNA is detected by determining the
concentration of DNA (ng\ul DNA). The purity of DNA was measured by reading the absorbance at a wavelength ranging
between (260-280 nm) and the device was used as follows: 1) After turning on the Nanodrop device, the DNA
measurement program was selected; 2) Sweep the scale substrate twice using blotting paper for the device by placing 1
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ul of ddH20 using a sterile micropipette on the surface of the scale substrate, zeroing and then cleaning the substrate for
measuring samples; Press the start button to start the process of measuring the concentration of DNA, using 1 microliter
of each sample of the extracted DNA, and then the substrate of the scale device was cleaned again to measure the other
samples; The purity of the extracted DNA samples was determined when the absorbance ratio was 1.8, then the extracted
DNA is pure.

Analysis of the results of the PCR examination

Agarose gel electrophoresis was carried out using 1.5% agarose gel, reading the PCR product analysis result as
follows: 1- Dissolve 1 g of agarose gel in 100 pl of TBE buffer (Tris-borate-EDTA) at 1X concentration using a Microwave
device for 5 minutes; 2- The gel was left to cool at 50°C. Then 3 microliters of radioactive DNA dye Ethidium bromide
were added and mixed well with the gel; 3- The agarose gel poured into the Tray containing the comb to locate the PCR
samples, then the gel were left to solidify at room temperature for 15 minutes and then the comb removed from the gel
carefully; 4- The samples that are the result of the PCR product were carried and placed in the gel pits, and then a 100
DNA Marker ladder was added to measure the PCR product in the first hole; 5- After the loading process was completed,
the agarose gel was immersed in a buffer TBE Buffer solution at a concentration of 1X, the relay cover was closed, and
then the relay was operated using a current of 100 volts and 80 amps for one hour; 6- After the migration process is
completed, examine the gel containing the PCR product using a U.V light source to determine the product with the
measurement unit.

Statistical analysis

The results were subjected to statistical analysis to find out the significant differences between the studied sites. The
significant differences were determined at a probability level of 5% using the least significant difference (LSD) test and
the Chi-square test. The percentage of the appearance of fungi in the studied sites was calculated through the following
equation:

Percentage = (Number of isolates x 100 / The number of samples examined) x 100%

RESULTS AND DISCUSSION

Isolation and identification

Isolation of the fungus Saprolegnia parasitica

Table 1 shows the numbers of Fungi isolated in this study and the percentage of their appearance using saproide
dextrose agar medium and using the grafting method. One species of Saprolegnia spp. was isolated and diagnosed. It is
the type S.parasitica being the most visible in the study areas in terms of its accessibility, where the current study was
conducted on the Al-Diwaniyah river in three locations represented in the first site (S1) Al-Shafi'i city bridge (Najaf road),
and the second site (S2) (University of Road Bridge, Hawalli, Umm Al-Khail area), and the third site (S3) (Al-Orouba bridge),
as it appears from the table below that the total number of samples was 60 samples distributed by 25 samples from the
first site, 25 samples from the second site, and 10 samples from the third site. The first site had the highest number of
isolates, amounting to 18 isolates, with a percentage of 45%, followed by samples from the second site, with 14 isolates,
and with a percentage of 35%. The samples for the third site were 10 isolates and with a percentage of 20%.

This was represented during the study that started from December of the year 2020 until the month of May 2021,
and it appeared that there was a significant difference (P<0.05) in the numbers of these fungi from one site to another
during the study period for the purpose of isolating and diagnosing the aforementioned types of fungi, as rivers represent
a suitable environment for the growth of these fungi. Fungi species Saprolegnia spp. due to the availability of appropriate
ambient conditions such as temperature, acid function, appropriate concentration of dissolved oxygen, lighting, flow
velocity and surface tension property, and the variation in the proportions of fungal isolates in the studied sites can be
attributed to the difference in the characteristics mentioned, which is consistent with what was reported by Olegovich
Bokov et al. (2020) which mentioned that it can be The variation in the fungi that live in Iraqi water in general is
attributed to the pollution occurring therein and the difference in physical and chemical properties and other
environmental influences that have a direct impact on the presence of these fungi.

Monthly distribution of the fungus Saprolegnia parasitica and the effect of its chemical and physical properties

Table 2 shows the monthly distribution and temperature range of Saprolegnia parasitica. And the total number of
isolates, as the lowest temperature was recorded and was from 12-13 °C at the beginning of the study in December of the
year 2020, and the maximum was in May of the year 2021, where the temperature range was from 28-27 °C or less than
that by one or two degrees This is consistent with what was mentioned by Watanabe, (2002) and Hafsan et al. (2022), in
their study on the types of Fungi Saprolegnia in the water of the Shatt al-Arab and their pathogenicity examination, as the
temperatures recorded in that region were close to the sites of the current study. The best month in which fungal isolates
were obtained in abundance is February 2021, where 17 isolates of S.parasitica were isolated, where the temperature
range was measured from 14-16°C, and the least number of isolates obtained was in the month of April 2021, as 3
isolates of the aforementioned fungus were isolated, and the temperature range was measured from 20-22°C, and no
isolation was obtained in May 2021, which is the last month of the isolation and diagnosis phase, where the temperature

196
Muataz MAA and Majid KA (2022). The spreading and molecular characterization of the fungus Saprolegnia parasitica in the water of Al-Diwaniyah river of Iraq.
Online J. Anim. Feed Res., 12(4): 194-199. DOI: https://dx.doi.org/10.51227/0jafr.2022.26



range was measured from 27-28°C, and the following pictures, the Fungi Saprolegnia spp. during the period of isolation
and diagnosis, by the appearance of fungal growths on sterilized millet seeds and on SDA culture media in the laboratory
(Figures 1 and 2).

Saprolegnia fungi species isolated during the current study

Type | Saprolegnia parasitica Coker

The diameter of the colony of this fungus, after two weeks of growth on millet seeds, ranged 1-1.5 cm. The diameter
of the fungal thread at the base reached 25-45 microns. The fungal threads are less branched. The gametes were
abundant with different shapes, often regular and sometimes irregular in shape, terminal or inter-site and they exist in the
form of chains. The boards are longitudinal or cylindrical, their dimensions range between 35-60 x 250-950 microns, the
diameter of the sintered boards is 12 microns, the boards are spherical or pear-shaped, and they are terminal or
sideways. With antheridia, cylindrical straight clipboard holders with dimensions 15-30 x 50-200 microns, eccentric oval
boards 10-25 microns in diameter, and 2-40 in one capsule filling the cavity (Figures 3-5). Antheridia fungus is
characterized by the ability to infect fish and their eggs, which is identical to what Mentioned by Kiziewics (2006) and
Hafsan et al. (2022) and its forms are:

Diagnosis of the fungus Saprolegnia parasitica PCR technique

The PCR examination was carried out using primers for the rDNA gene to diagnose the fungus S.parasitica. The
results showed the efficiency of the method in extraction, as DNA was obtained in S.parasitica at concentrations of 685.4-
99.4 ug/ul and with a purity of 1.80-1.92, noting that the percentage of purity adopted for the reaction is 1.8, as it shows
in Table 3.

PCR assay for Saprolegnia parasitica

Through what appeared in the electrophoresis on agarose gel at a concentration of 1%, it was observed when
examining the gel under ultraviolet rays that light orange bands appeared resulting from the replication process, in
reference to the link of the initiator with its complementary sequence in the template DNA. It appeared that the sizes of
the pieces of DNA compared with the product size from the measurement of the size of the DNA bundle of S.parasitica is
568 bp, all isolates of this species gave a positive result, which numbered 10 pure isolates, and these values were
confirmed according to what is found in the NCBI Gene Bank as well as what was confirmed by Sparrow (1960) and
through what appeared in the photography after the end of the electrical relay process (Figures 4-6).

Table 1 - The sites of isolates of Fungi, the number of isolates on the Sabouraud agar medium and their percentage.

Sample location Number of samples examined Number of isolates Percentage
S1 25a 18a 45
S2 25a 14 b 35
S3 10°b 8¢ 20
Total 60 40 100

*Similar letters: indicate no significant differences. The different letters: indicate the presence of significant differences.

Table 2 - Monthly distribution and water temperature ranges of Saprolegnia parasitica and the total number of isolates.

Months Temperature range (°C) Number of isolates
December 2020 12-13 5

January 2021 10-11 8
February 2021 14-16 17

March 2021 17-19 7

April 2021 20-22 3

May 2021 28-27 (0]

Total 40

Table 3 - Samples of S. parasitica, their concentrations and purity in PCR assay using a Nanodrop spectrophotometer.

Sample Concentration (ng/ml) Purity (1.8)
S.parasitica 1 99.4 1.80
S.parasitica 2 238.2 1.82
S.parasitica 3 239.9 1.82
S.parasitica 4 317.6 1.84
S.parasitica 5 320.5 1.84
S.parasitica 6 351.6 1.85
S.parasitica 7 429.3 1.86
S.parasitica 8 493.7 1.88
S.parasitica 9 667.1 1.90
S.parasitica 10 685.4 1.92
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Figure 1- The fungal colony of Saprolegnia spp. growing
on millet seeds by grafting method and its age, 72

hours.

Figure 5 - The sporangia of the fungus Saprolegnia
parasitica at the moment its wall ruptures and the
swimming spores are released.

CONCLUSION

Figure 2 - The fungal colony of Saprolegnia spp. growing
on SDA medium and its age is 5 days.

Figure 4 - Saprolegnia parasitica and maturation of
sporangia spores in sporangia.

M2 3 R S5 6 e/ AN S =010

1500bp
1000bp

Soobp SO L —

100bp

Figure 6 - Agarose gel electrophoresis showing the
results of the PCR assay for the 18S rRNA gene ITS1
region for the diagnosis of S.parasitica, where the (M)
line represents the standard scale (1500-100bp) and

the line (10-1) bundles Positive isolates for PCR
examination with a yield length of 568bp, knowing that
the electrophoresis with agarose gel at a concentration
of 1% and an electric current of 100 volts and 80 amps.

In conclusion, the variation in the presence of the type of aquatic fungi Saprolegnia spp. in the Al-Diwaniyah river of Iraq
was evaluated and reported. Also the application of the PCR examination in the molecular diagnosis of the type of fungus

is efficient for further studies in different regions.
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ABSTRACT: This study determined the dietary effect of cocoa pod husk meal (CPHM) on the reproductive
performance of rabbits. Twelve iso-nitrogenous (16.05% CP) and iso-caloric (2500.12 Kcal kg1 ME) diets were
formulated. The CPHM was included at 0, 12.5, 25 and 37.5% levels for T1, T2, T3, and T4 raw; Ts, Ts, T7, Ts
fermented and To, T10, T11, T12 hot-water treated CPHM. Sixty weaned rabbits between 5 and 6 weeks old of
both sexes (30 males and 30 females) with mean initial body weight of 606.42+1.30¢g were used. The rabbits
were randomly distributed using a completely randomized design (CRD). The animals were crossed at maturity
for reproductive performance evaluation. Total protein concentrations of reproductive parts were determined.
Result showed no significant dietary effect on reproductive performance. The 37.5% level recorded zero
pregnancy in the raw and hot-water groups. Average gestation period ranged between 30 and 31 days.
Average litter size at birth ranged 1 - 4 kittens. Average weaning weight ranged between 475 and 580.25g
with the least weight in the raw group. Milk yield ranged between 205.46 and 262.94¢g. The sperm volume and
gonadal sperm reserve recorded significant effect (P<0.05). In the raw and hot-water groups, the sperm
volume decreased marginally. The protein concentration in the testes recorded higher significant (P<0.05)
values in the control diet and the least value in raw group. The study concluded that fermented CPHM diets
performed best at 37.5% level in terms of reproductive performance of rabbits.
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INTRODUCTION

Rabbits are prolific animals that can contribute significantly to food security in sub- Saharan Africa. Currently, we are living
in a world with over 925 million food insecure people (FAO, 2010) and majority of these hungry people live in poor, rural
communities of Asia and African continents with crop and livestock production as their primary occupations (FAO, 2011).
The present hunger and malnutrition can partly be solved through intensive rabbit production, as a means of boosting
animal protein intake (Ozung, 2021) and enhancing livelihood security (Halberg and Muller, 2013). Rabbits are short cycle
animals with a gestation period of one month, making them suitable for multiplication during periods of food crisis.
Rabbit production can yield enormous meat and cheap animal protein. Rabbit meat is healthy as it is low in cholesterol
(50g 1001g); fat (4g 1001g); energy (124Kcal 1001g) but high in protein (22g 1001g) (Aduku and Olukosi, 1990). The
meat has complete amino acid profile; it has good flavour, rich in minerals and other essential nutrients as well as easily
digestible.

However, rabbit farming like other livestock production enterprises is facing feeding challenges in view of the high
cost of conventional feed ingredients. This development has necessitated the search for alternative feed resources in
rabbit nutrition. The domestic rabbit is a pseudo-ruminant (monogastric-herbivore or hind gut fermentor) that feeds on
forages, grains/ concentrates, kitchen wastes, yam and cassava peels, hay and agro by - products (Mutsami et al., 2019;
Gbenge, 2022). One of the promising agro by - products that can be utilized in rabbit feeding is the cocoa pod husk.
Cocoa husk is a by-product from cocoa pods obtains from cacao trees grown in the tropics. According to Olubamiwa and
Akinwale (2000), 25% cocoa pod husk meal (CPHM) can partially replace maize in layers’ diet with no adverse effects on
egg parameters. Untreated CPHM has been added in the diets of growing swine up to 300g Kg* without deleterious signs
on body characteristics (Oddoye et al., 2010). The practice of incorporating cocoa pod husk meal in animal diets (pigs,
broilers, layers, rabbits) has been reported by various researchers in previous studies (Adomako et al. 1999; Agyente -
Badu and Oddoye 2005, Akanbi, 2019; Ozung, 2021).
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Extant literature has reported that sun-dried cocoa beans contain 0.7% sugar, 0.7% starch, 1.7% theobromine (an
alkaloid), 6.70% protein and 50-55% pale yellow, non - drying fat known as cocoa butter. The cocoa bean testa has been
used successfully in feeding trials for small ruminants without adverse effects on performance characteristics in some
countries. According to Adomako et al. (1999), cocoa pod husks constitute 75% of the entire cocoa fruit on fresh weight
basis. Adomako (1991) reported that cocoa beans account for less than 2.55% of the whole fruit. Cocoa pod husks
contain 6-7% crude protein, 9-10% total ash, 1-8% crude fat (ether extract) and 23-33% crude fibre. Furthermore,
Sobamiwa and Longe (1994) reported that metabolizable energy of cocoa pod husk is moderate and ranges from 2000-
2100Kcal Kg*; which is comparable to that of palm kernel cake, soybean meal, rice bran and brewers dried grain. The
chemical composition of cocoa pod husk meal shows that it contains total dry matter (42.25%), crude protein (9.69%),
fatty substances (0.15%), ash (SiO2 free) (10.80%), crude fibre (33.90%), Nitrogen free extract (42.21%), glucose (1.16%),
sucrose (0.18%), pectin (5.30%) and theobromine (0.20%). The processed cocoa pod husks have been reported to have
low theobromine content. The crude fibre is easily digestible. It is reported that cocoa pod husk is digestible by all classes
of livestock, especially ruminants. However, the high crude fibre content (21.49-34.82%) hinders its effective utilization by
monogastrics (Abiola and Tewe, 1991). The constraint of high fibre content and associated poor digestibility calls for the
processing of the cocoa pod husks by various methods (fermentation, hot-water treatment, urea, enzyme, fungal
treatment and microbial detheobromination), so as to promote digestibility and biodegradability in animals. Furthermore,
some research studies with cocoa by-products have shown that at higher levels of dietary inclusion; the alkaloids
(theobromine and caffeine) have adverse effects on the reproductive potential of animals (Adomako et al., 1999).
According to Ozung et al. (2019), these alkaloids have been reported to penetrate the placenta and blood vessels, thereby
causing foetal abnormality. Therefore, this study was designed to determine the effect of different forms of cocoa pod
husk meal on the reproductive performance of rabbits.

MATERIAL AND METHODS

Study location

The study was carried out at the Rabbitry Unit of the Teaching and Research Farm, University of Calabar, Calabar,
Cross River State, Nigeria, West Africa. According to the GeoNames geographical database Google Earth-2021; Calabar is
located at 4.9517° latitude and 8.322° longitude (in decimal degrees) with an average elevation/ altitude of 42 metres.
Other workers, Akpan et al. (2006) reported that Calabar is located at latitude 3°N of the equator and longitude 7°E of the
Greenwich meridian, with a land mass of 233.2 sq. miles (604 km?2). The annual rainfall ranges between 3000 and
3500mm (average of 1,830 mm) per annum and the average daily temperature is 25° C/77° F which increases to 30°C
(86°F) in August. The relative humidity is between 70 and 80%.

Collection and handling of cocoa pod husk meal (CPHM)

Freshly broken composite and discarded cocoa pod husks were obtained from the fermentation units of cocoa
plantations at the rainforest zone of Etomi, lkom, Cross River State, Nigeria. The pods were collected during the main
production season in West Africa (September - March). The broken pods were washed and sun - dried to constant weight,
bulked and milled with hammer mill (Model 912, Winona Attrition Mill Co., Winona, MN) to produce cocoa pod husk meal
(CPHM). The resultant meal was shared into three (3) portions: The raw CPHM (RCPHM), Fermented CPHM (FCPHM) and
hot-water treated CPHM (HCPHM), respectively. CPHM for the fermented treatment was thoroughly mixed with 60% water,
relative to its weight as ascertained by Bello et al. (2015) and bagged in an air tight polythene bag. This was allowed to
stay for three days under room temperature, thereafter, it was opened and shade dried to constant weight; before being
packed, bagged and stored in a cool dry place until it was used for diet formulation. The final portion of CPHM was treated
with hot-water that was boiled to 100° C for 15 minutes (Adeyina et al., 2010) which was later drained, shade dried and
stored for later use in feed formulation.

Experimental diets

Twelve iso-nitrogenous (16.05% CP) and iso-caloric (2500.12 Kcal kgtME) diets were formulated in line with the
nutrient needs of rabbits recommended by Aduku and Olukosi (1990). Each treated form of CPHM was included at O,
12.5, 25 and 37.5% levels for Ty, T2, T3, and T4 (Raw CPHM), Ts, Te, T7, Ts (Fermented CPHM) and To, T1o, T11, T12 (Hot -
water treated CPHM), respectively in the experimental diets. Diet without CPHM (0%) served as control in the experiment.

Experimental rabbits and management

A total of 60 weaned mixed breed rabbits between 5 and 6 weeks old of both sexes (30 bucks and 30 does) (mating
ratio of male: female was 1:1), (mean initial body weight of 606.42+1.30 g) were used in this study. The rabbits were
purchased from Domino farms, Useh-Offot in Uyo, Akwa Ibom State, Nigeria. They were managed based on standard
experimental protocols. On arrival at the rabbitry facility, the animals were provided with anti-stress vitalyte at 0.5 g per
75 litres of chlorine - free water. The experimental animals were housed individually in double tier wooden hutches (with
wire mesh floor) measuring 65 x 65 x 65 cm (L x H x W) and raised 25cm from the ground and placed in a standard
rabbitry with half walls to allow for cross ventilation.
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Concrete drinking troughs and fabricated feeding troughs were provided in each cage. The rabbits adjusted for two
weeks before the actual commencement of the feeding trial and within this period; they were placed on commercial
pelleted grower mash and screened against ecto and endo parasites via subcutaneous injection of lvermectin (Kepromec)
at the recommended level (0.2 ml per rabbit). Thereafter, the animals were subjected to 21 weeks feeding trial and at
maturity (5 months), they were crossed for reproductive performance evaluation.

Animal welfare and ethical approval

In this study, ethical approval on Animal Welfare and Rights was obtained from the University of Calabar Committee
on Animal Care and Welfare based on the Australian Code for the Care and Use of Animals for Scientific Purposes, 8t
Edition (National Health and Medical Research Council; Canberra 2013).

Experimental design

The rabbits were randomly distributed to the diets in a simple Completely Randomized Design (CRD) experiment with
three processed forms of CPHM. They were twelve (12) dietary treatments with five (5) rabbits per treatment. The rabbits
were distributed to the treatments after equalizing for body weight and sex.

Reproductive performance and gonadal sperm reserves

During mating, a buck and doe in a particular treatment/diet were kept together (paired) until successful mating was
observed to ensure that pregnancy is achieved. The mating ratio of 1:1 (buck: doe) was maintained throughout the
duration of this study. Successful mating took place when the buck summersaulted and screamed, after which they were
separated. Pregnancy was diagnosed after 14 days by combining abdominal palpation with observation of body weight
changes (size and weight of does) (Oguike et al., 2011). Kindling boxes were provided at the 3" week of gestation. The
following reproductive parameters were determined for the does: pregnancy rate, litter size, average birth weight, average
weaning weight (at 6 weeks) and mortality. Milk yield (g1day) was estimated from the equation reported by Nguyen et al.
(2000) as 1.18 x [live weight of litter at 21days - live weight at birth]. Reproductive parameters determined in bucks
included: weights of testes and epididymes (caput, corpus and cauda). Gonadal sperm reserves were determined
haemocytometrically by homogenate technique, using a modified method as described by Adejumo (2006). Daily sperm
production (DSP) was obtained by dividing Gonadal sperm reserve by 3.56 (time in days of the duration of the
seminiferous epithelium cycle) while total sperm reserve was calculated by multiplying semen volume by the
concentration (Bitto and Egbunike, 2006; Zahraddeen et al., 2007).

Statistical analysis

Data obtained in this study were subjected to one-way ANOVA using General Linear Model for a completely
randomized design (CRD). Significant means were separated using the Least Significance Difference (LSD) method (Steel
and Torrie, 1980).

The experimental model used was as follows: Yi=p+T+E;

Where:

Yi: Observed value; p: Overall mean value; Ti: Random effect of the ith processing method of CPHM; and Ej: Random
residual error

RESULTS

Reproductive performance characteristics of rabbits

The reproductive performance of rabbits fed cocoa pod husk meal-based diets is summarized in Table 1. The
pregnancy rate ranges from 0 - 100%. The highest inclusion level of CPHM (37.5%) recorded zero pregnancy rates in the
raw and hot - water treated cocoa pod husk meal. The average gestation period ranged between 30 and 31 days across
the dietary treatments. The average litter size at birth ranged from 1-4 kittens. Results further revealed that the average
birth weight per kitten decreased marginally (< 2%) across dietary treatments as the levels of CPHM increased in the
diets; values for kittens fed the raw CPHM were 27.85, 26.47, 25.48 and 0.00 g for 0, 12.50, 25.00 and 37.50% inclusion
levels, respectively. While the fermented and hot-water treated CPHM recorded 30.51, 31.22, 29.27 and 27.17g,
respectively and 30.01, 28.12, 27.98 and 0.00 g for 0, 12.50, 25.00 and 37.50 percent inclusion levels, respectively. The
average weaning weight ranged between 475.00 and 580.25g across dietary treatments, with the least weight recorded
in the raw CPHM group with 25.00 % inclusion level. The average weight of kittens at 21 days decreased across dietary
treatments in the raw CPHM, that is; 225.25, 220.40, 200.00 and 0.00 g respectively, for diets with 0, 12.50, 25.00 and
37.50 % levels. The trend was reversed in the other processed forms of CPHM with average weight values of 212.50,
220.00, 240.00 and 250.00g for 0, 12.50, 25.00 and 37.50 % levels and 225.00, 240.00, 245.00 g for diets with O,
12.50, 25.00 % levels, respectively with no value in 37.50%. The milk yield ranged between 205.46 and 262.94¢g across
dietary treatments. The mortality of kittens ranged from 0.00 - 25.00%.
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Table 1 - Reproductive performance of rabbits fed cocoa pod husk meal (CPHM) based diets

Parameter Raw CPHM Fermented CPHM Hot-water treated CPHM
T1 T2 Ts Ta Ts Te T7 Ts To T1o T11 T2
0% 12.50% 25.00% 37.50% 0% 12.50% 25.00% 37.50% 0% 12.50% 25.00% 37.50% SEM
No. of Does bred 2.00 3.00 3.00 3.00 3.00 2.00 3.00 3.00 3.00 3.00 3.00 3.00 0.11
Pregnant does (day 14) 2.00 3.00 1.00 0 3.00 1.00 1.00 2.00 2.00 1.00 1.00 0 0.29
Pregnancy rate (%) 100.00 100.00 33.33 0 100.00 50.00 33.33 66.67 66.67 33.33 33.33 0 10.36
Av. Gestation length (days) 30.50 30.50 31.00 0 30.33 30.00 31.00 30.00 30.50 30.00 30.50 0 3.43
Av. Litter size at birth 4.00 3.33 1.00 0 3.00 1.00 3.00 3.50 2.00 4.00 2.00 0 0.42
Av. Birth weight (g) 27.85 26.47 25.48 0 30.51 31.22 29.27 27.17 30.01 28.12 27.98 0 3.23
Av. Wt. of kittens (g) at 225.25 220.40 200.00 0 212.50 220.00 240.00 250.00 225.00 240.00 245.00 0 25.96
21 days
No. alive at weaning 3.00 8.00 1.00 0 9.00 1.00 3.00 2.00 4.00 4.00 2.00 0 0.83
6 weeks
Av. Weaning wt. (g) 520.00 480.00 475.00 0 580.25 570.20 566.67 560.10 512,50 510.00 520.00 0 60.38
Milk yield (g) 232.93 228.84 205.93 0 214.75 222.76 205.46 262.94 230.09 250.02 256.08 0 26.51
Mortality (%) 25.00 20.00 0 0 (0] 0 0 0 0 0 0 0 2.55

*Milk yield = 1.18 x [Live wt. of litter at 21 days - Live wt. at birth], equation reported by Nguyen et al. (2000)

Table 2 - Semen volume and gonadal sperm reserve characteristics of rabbit bucks fed cocoa pod husk meal based diets

Parameter T4 T2 Ts Ta Ts Te Tz Ts To T1o T11 T2 SEM
0% 12.50% 25.00% 37.50% 0% 12.50% 25.00% 37.50% 0% 12.50% 25.00% 37.50%
Semen volume (ml) 0.872 0.53¢ 0.50¢ 0.47¢ 0.67° 0.57¢ 0.43¢ 0.47¢ 0.57¢ 0.47¢ 0.37d 0.33d 0.08

Gonadal sperm reserve (x10¢ ml2) 611.002 575.67> 510.67°¢ 498.00c 520.33> 558.00> 401.33¢ 369.00¢ 313.00¢ 390.33¢ 377.00¢ 366.00¢ 19.91
Total sperm reserve (X106 ml?) 531.57 305.11 255.34 234.06 348.62 318.06 172.57 173.43 178.41 183.46 139.49 120.78 33.43

Daily Sperm Production (x106 ml-) 171.63 161.71 143.45 139.89 146.16 156.74 112.73 103.65 87.92 109.64 105.90 102.81 8.02

abc.e means on the same row with different superscripts are significantly different (P<0.05); SEM: Standard Error of Mean
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Table 3 - Total protein concentrations in testicular and tubal fluids of rabbits fed Cocoa pod husk meal-based diets

Parameter Raw CPHM Fermented CPHM Hot- water treated CPHM
T1 T2 Ts Ta Ts Te Tz Ts To LET) T1a T12
0% 12.50% 25.00% 37.50% 0% 12.50% 25.00% 37.50% 0% 12.50% 25.00% 37.50% SEM
Bucks (g per 200 ml)
Testes 0.73¢ 0.76¢ 0.82" 0.544 1.392 1.382 1.04% 0.83b 0.74¢ 0.63¢ 0.65¢ 0.72¢ 0.08
Epididymis 0.892 0.64¢ 0.534 0.32¢ 0.76° 0.64¢ 0.70° 0.72b 0.68° 0.58¢ 0.564 0.34¢ 0.05
Paired caput 0.55¢ 0.61¢ 0.48¢ 0.51¢ 1.052 1.142 0.80b 0.73b 0.30¢ 0.261 0.274 0.90° 0.09
Paired corpus 0.72¢ 0.78¢ 0.37d 0.40¢ 0.96° 0.95b 1.10° 0.554 0.564 0.49¢ 0.43¢ 0.424 0.07
Paired cauda 0.852 0.71° 0.832 0.294 0.882 0.902 0.34¢ 0.39¢ 0.43¢ 0.73b 0.47¢ 0.48¢ 0.07
Does (g per 100 ml)
Ovary 0.50 0.48 0.42 0.28 2.17 1.52 0.46 0.43 0.61 0.60 0.59 0.55 0.16
Oviduct 1.04¢ 1.01° 0.684 0.60¢ 0.91¢ 0.73¢ 0.564 0.584 1.722 1.71- 1.25b 1.27° 0.12
Uterine horns 0.60 0.58 0.55 0.49 0.52 0.70 0.69 0.50 0.61 0.59 0.64 0.88 0.03
Cervix 0.29 0.22 0.37 0.27 0.63 0.69 0.72 0.59 0.95 0.83 0.83 0.85 0.07
Vagina 0.78 0.81 0.52 0.39 1.10 0.72 0.12 0.15 0.57 0.54 0.63 0.71 0.08

a bed Mleans on the same row with different superscripts are significantly different (p < 0.05)
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Semen volume and gonadal sperm reserves of rabbit bucks

Table 2 shows the result of sperm volume and gonadal sperm reserve characteristics of rabbit bucks fed cocoa pod
husk meal-based diets. The sperm volume (SV) and gonadal sperm reserve (GSR) recorded significant effect (P<0.05) of
dietary treatments; while results for total sperm reserve (TSR) and daily sperm production (DSP) were statistically similar.
In the raw and hot-water treated cocoa pod husk meal groups, the sperm volume decreased marginally as the level of
inclusion of cocoa pod husk meal increased across the diets. The values obtained for SV were 0.87, 0.53, 0.50 and
0.47ml in the raw cocoa pod husk meal group; while the fermented and hot - water treated cocoa pod husk meal groups
recorded SV values of 0.67, 0.57, 0.43, 0.47ml and 0.57, 0.47, 0.37 and 0.33ml, respectively for control, 12.50, 25.00
and 37.50 % diets. Results obtained for the GSR were 611.00, 575.67, 510.67 and 498.00 (x106 ml?) in the raw cocoa
pod husk meal; 520.33, 558.00, 401.33 and 369.00 (x106 ml?) in the fermented cocoa pod husk meal and 313.00,
390.33, 377.00 and 366.00 (x10% ml?t) in the hot-water treated cocoa pod husk meal, respectively for diets 0, 12.50,
25.00 and 37.50 % inclusion levels. Results for TSR were 531.57, 305.11, 255.34 and 234.06 (x10¢ ml?) in raw cocoa
pod husk meal; 348.62, 318.06, 172.57 and 173.43 (x10¢ ml?) in fermented cocoa pod husk meal; 178.41, 183.46,
139.49 and 120.78 (x10° ml1) in hot - water treated cocoa pod husk meal, respectively for 0, 12.50, 25.00 and 37.50 %
inclusion levels. The values obtained for the DSP were 171.63, 161.71, 143.45 and 139.89 (x10¢ ml?1) in raw cocoa pod
husk meal; 146.16, 156.74, 112.73 and 103.65 (x106 mI?) in fermented cocoa pod husk meal; as well as 87.92, 109.64,
105.90 and 102.81 (x106 ml1) in hot-water treated cocoa pod husk meal, respectively for diets containing 0, 12.50,
25.00 and 37.50 % inclusion levels.

Total protein concentrations in testicular and tubal fluids of rabbits

Result of the total protein concentrations in testicular and tubal fluids of rabbits fed experimental diets is
summatrized in Table 3. All parameters in the bucks were significantly different between dietary groups. The protein
concentrations in the testes recorded higher values in the control diets across the three processing methods and the least
values in the 37.50% inclusion level in the raw and fermented CPHM groups. Total protein concentrations in the testes
were 0.73, 0.76, 0.82 and 0.54g 1001ml; 1.39, 1.38, 1.04 and 0.83g 100*ml as well as 0.74, 0.63, 0.65 and 0.72g 100
iml in diets containing 0, 12.50, 25.00 and 37.50% levels, respectively for the raw, fermented and hot-water treated
CPHM. The epididymis recorded total protein concentrations as 0.89, 0.64, 0.53 and 0.32g 1001ml; 0.76, 0.64, 0.70 and
0.72g 1001ml as well as 0.68, 0.58, 0.56 and 0.34g 1001ml for 0, 12.50, 25.00 and 37.50% levels, respectively in the
raw, fermented and hot-water treated CPHM. Total protein concentrations in paired caput, corpus and cauda epididymis
recorded fluctuating trends across dietary treatments as the levels of CPHM increased. In the tubal fluids, the total protein
concentrations recorded in the ovary decreased as the inclusion of CPHM increased in the differently processed forms of
dietary treatments. Values obtained were 0.50, 0.48, 0.42 and 0.28g 1001ml in the raw CPHM; 2.17, 1.52, 0.46 and
0.43g 100ml? in the fermented CPHM as well as 0.61, 0.60, 0.59 and 0.55g 100-Yml in the hot-water treated CPHM for
diets containing 0, 12.50, 25.00 and 37.50% inclusion levels, respectively. Total protein concentrations in the oviduct
recorded significant effect (P<0.05) while the uterine horns, cervix and vagina were statistically similar and did not record
particular trends among the processing methods. However, higher values were recorded in the fermented and hot-water
groups compared to the raw CPHM group.

DISCUSSION

Reproductive performance of rabbits

The reproductive performance of different rabbit breeds has been reported to be an important feature that
determines their efficiency in production (Fadare and Fatoba, 2018). The reproductive performance of rabbits fed cocoa
pod husk meal based diets (Table 1) revealed an average pregnancy rate that dropped from 100 to 33.33% in both raw
and fermented cocoa pod husk meal groups as well as 66.67 to 33.33% in hot-water treated cocoa pod husk meal group
as the levels of inclusion increased up to 25.00% level across dietary treatments. The highest level of inclusion (37.50%)
of cocoa pod husk meal in the raw and hot-water treated groups recorded zero pregnancy rate, while the fermented group
recorded 66.67%. The pregnancy rate obtained in this study ranges from 0.00 -100%, while Ewuola and Egbunike (2010)
reported 87.50-100% who fed fumonisin B1 to male rabbits. The difference could be attributed to the age at puberty and
effect of diet on the two separate studies. The litter size at birth, weight of kittens and weaning weight followed the same
trend recorded for pregnancy rates in this study.

The average litter size at birth in the experimental rabbits was from 1 to 4 kittens across dietary treatments in all the
processed forms of cocoa pod husk meal (CPHM). The raw CPHM group showed a regular declining trend, while the
fermented and hot-water treated groups fluctuated as the levels of inclusion increased. The declining trend in reproductive
performance characteristics has revealed that cocoa pod husk meal has adverse effects on the reproductive performance
of rabbits. This assertion confirms the findings of EPSA (2008) on contaminants in the food chain that theobromine
induces reproductive problem affecting the gonads, delayed ossifications in mice and skeletal variations in kittens of
rabbits. Furthermore, the average litter size at birth recorded in this study fell below the average value (4.27-5.33)
reported for New Zealand and Dutch rabbits (Akanno et al., 2004; Oseni et al., 2006) and (6.50-7.25) in cross bred rabbits
reported by Ewuola and Egbunike (2010) as well as (4.23 - 6.75) reported by Fadare and Fatoba (2018) for New Zealand
White, California and Palomino brown rabbits. This difference in litter size is attributable to breed or strain influence, age
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at first parity (young female rabbits tend to have smaller litter than older dams), quality of feed, re - mating interval,
environmental conditions and other management practices. This agrees with the findings of Fielding (1991) and Olateju
and Chineke (2022) that litter size at birth is affected by genetic composition of the doe among other factors.
Experimental findings by other workers show that the New Zealand breed recorded a higher mean litter size at birth (5.03)
than the Dutch breed (4.67); (Omole et al., 2007). The control diets in this study had an average litter size at birth of 2 to 4
kittens, this range was closed to the average value (4.77) reported by Fayeye and Ayorinde (2003) for the New Zealand
breed in the derived savanna zone. Also, a value of 5.33 for the same trait in California and Havana black rabbits has
been reported in the humid tropical region of Nigeria (Fadare and Fatoba, 2018). Other workers have reported average
litter size at birth of 6 and 7 kittens for the Japanese white and New Zealand white rabbits, respectively; with an average
litter size of 8 kittens (Casady et al., 1996) as well as 6-8 kittens (Henry et al. 2018). The average gestation length
observed in this study was between 30 and 31 days across dietary treatments. This fell within the normal gestation length
(30 +2 days) for rabbits (Aduku and Olukosi, 1990, Omole et al., 2007, Ozung et al., 2019). The normal gestation length
recorded in this study suggests low neonatal loss that usually accompanies longer gestation periods. This is confirmed in
the low mortality of kittens (20-25%) in the raw CPHM group and absence of mortality in the fermented and hot-water
treated groups in this study. The finding confirms the submission of previous works that small litters are associated with
long gestation period (33-34 days) accompanied by high mortality of kittens. The workers had suggested the use of
prostaglandin F2ax as a cost-effective means of reducing the observed mortality in preghant does having longer gestation
periods. A correlation between gestation length and litter size has been suggested (Fayeye and Ayorinde, 2003).

The average birth weight of kittens obtained in this study declined as the CPHM increased in the dietary treatments;
implying cocoa pod husk meal with the associated theobromine has an adverse effect on the birth weight of rabbit
kittens. The values for the raw CPHM group were between 25.48 and 27.85g kitten%; while values in the fermented and
hot-water treated groups were 27.17 and 31.22¢ kitten; 27.98 and 30.01g kitten?, respectively. However, these values
were within the range (15-30g kittent) for birth weight reported by Omole et al. (2007). The average weaning weight of
Kittens at six weeks when compared to the values in the control diets decreased marginally across dietary treatments as
the levels of CPHM increased in the raw, fermented and hot-water treated groups. The weaning weight was highest in the
fermented CPHM, higher in the hot-water treated CPHM and high in the raw CPHM groups. The results have confirmed
that fermentation and hot-water treatment of CPHM lower the theobromine content, which translates to better weaning
weight compared to the raw CPHM with higher theobromine content and lower weaning weight. Theobromine has been
reported to have negative effects on the reproductive parameters of rabbits (EFSA, 2008). The litter size recorded in this
study did not adversely influence the weaning weight of kittens. This corroborates the report by Orunmuyi et al. (2006)
that litter size at birth does not exert significant effect on weaning weight of animals. However, the mothering ability of
the female rabbit (doe) decreases with increased litter size (Fayeye and Ayorinde, 2003). The milk yield of lactating does
in this study ranges from 205.46-256.08¢g. The milk yield is a good indicator of the mothering ability of rabbit does.
However, the milking ability is breed dependent with the Californian white reported to have the best milking ability
compared to other breeds like the New Zealand white, Havana black, Palomino brown and Chinchilla (Fadare and Fatoba,
2018).

Semen volume and gonadal sperm reserve characteristics of rabbit bucks

The semen volume (SV) and gonadal sperm reserve (GSR) in this study had significant reduction in values with
increasing levels of CPHM across treatments (Table 2). Both parameters recorded lowest values at the highest inclusion
level (37.50%) of each processed form (raw, fermented and hot-water treated) of CPHM. Total sperm reserve (TSR) and
daily sperm production (DSP) were statistically similar across dietary treatments, but showed gradual decline in values as
the levels of CPHM inclusion increased. These observations affirmed that residual theobromine from differently processed
forms of cocoa pod husk meal (especially the raw form and followed by the hot-water treated form) has deleterious
effects on gonads (testes) and associated physiological processes like spermatogenesis. This observation agrees with the
findings of EFSA (2008) that theobromine from cocoa products induces reproductive dysfunction targeting the gonads
(testes) in rodents and dogs. However, the semen volume in the control diet for raw, fermented and hot-water treated
CPHM was comparable to range of values (0.73-0.74ml) earlier reported by Ewuola and Egbunike (2010). Equally, the SV
and GSR were similar in values with those earlier given by Adams and Singh (1981). The GSR was also comparable with
the values published by Castellini (2008); while the TSR values were fairly higher than those reported by Abu et al. (2013).
Also, GSR and DSP were fairly higher than the values reported by Amao et al. (2011). Differences in TSR, GSR and DSP
could be attributed to effect of nutrition/ diet (different test materials) and age of bucks in the separate studies.

Total protein concentrations In testicular and tubal fluids

Total protein concentrations in the testicular fluids of rabbit bucks fed cocoa pod husk meal (Table 3) revealed
significant (P<0.05) effect of dietary treatments in the fluids from testes, epididymis, paired caput and paired corpus. The
total protein concentrations in the tubular fluids of female rabbits (does) were statistically similar except for the Oviduct.
The fermented CPHM group recorded higher total protein concentrations in both testicular and tubular fluids. The total
protein concentrations in fluids from the testes were of the range 0.54 -0.82g per 100ml, 0.83-1.39g per 100 ml and
0.63-0.74g per 100 ml, respectively in the raw, fermented and hot-water treated cocoa pod husk meal diets. Total protein
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concentrations in the testes were least in value in the highest inclusion level (37.50%) of CPHM in the raw and fermented
groups compared with the hot-water treated group. The fermented group recorded a gradual declining trend across dietary
treatments as the levels of CPHM increased. The findings in this study affirmed that cocoa pod husk meal, especially the
raw form with higher content of theobromine has negative effect on the total protein concentrations in the testes. This
could lead to poor spermatogenesis, oligospermia and abnormal sperm cells in rabbit bucks. The total protein
concentrations in the epididymis showed a marginal declining trend across dietary treatments in the raw CPHM (0.89 -
0.32g per 100 ml) and hot-water treated CPHM (0.68-0.34g per 100 ml), respectively while the fermented CPHM
recorded a fluctuating trend that could not be ascribed to experimental diets. The total protein concentrations in the
paired caput, corpus and cauda epididymis recorded fluctuating trends across dietary treatments. The testicular fluids
total protein concentrations in this study are higher than the values for paired testes, paired caput, corpus and cauda
epididymes reported by Bitto (2010) who fed kapok - forage combinations to rabbit bucks. These slight differences are
obviously due to age (the bucks in this study were slightly older) and diet as different test ingredients were utilized in the
separate studies.

The total protein concentrations in the tubal fluids of female rabbits recorded significant effect on the oviduct only,
while fluids from the ovary, uterine horns, cervix and vagina showed statistically similar results in total protein
concentrations. The range of values obtained in this study for fluids from the oviduct (0.56 -1.72g per 100 ml), uterine
horns (0.49- 0.88g per 100 ml), cervix (0.22-0.95g per 100 ml) and vagina (0.12-1.10g per 100 ml) were fairly lower
than the range of values for tubular fluids from the oviduct (0.97-1.81g per 100 ml), uterine horns (1.67-2.95g per 100
mil), cervix (0.76-0.99g per 100 ml) and vagina (0.52-1.19g per 100 ml) reported by Ozung et al. (2011) who fed varying
dietary levels of cassava peel meal as replacement for maize to female rabbits. These differences in tubal fluid protein
concentrations could be attributed to the effect of anti-nutrients in the diets, as it is obvious that theobromine in this
study had severe adverse effects compared to cyanide in the earlier study in the total protein concentrations of tubal
fluids.

CONCLUSION AND RECOMMENDATION

This study concluded that different forms of cocoa pod husk meal (CPHM) at 37.5% level of inclusion could negatively
affect the reproductive performance of rabbits. The order of preference is the fermented CPHM, followed by the hot -
water treated CPHM and lastly the raw CPHM, respectively. The fermented cocoa pod husk meal based diets performed
best compared to other forms in terms of reproductive performance and semen characteristics as well as total protein
concentrations in testicular fluids of bucks and tubal fluids of does. The study recommended that cocoa pod husk meal
should be fermented before it can be incorporated in diets meant for rabbits. Hence, fermentation is the preferred
method of detheobromination. The optimum level of inclusion of fermented CPHM could be up to 37.5% in the diets.
Farmers using raw and hot - water treated CPHM should not exceed 25% inclusion level for fear of adverse effects of
residual theobromine on reproductive performance of rabbits and semen characteristics of bucks.
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ABSTRACT: This study was aimed to determine the income of farmers who carry out a partnership
system during the COVID-19 Pandemic in Lekopancing Village, Tanralili District, Maros Regency. The
research was conducted on March to April 2021. The type of research used is descriptive quantitative.
The sample in this study were farmers who partnered with the X's company were 2 farmers, the Y’s
company were 12 farmers and the Z’'s company were 8 breeder. Data was collected through interviews
with the help of a questionnaire as the research instrument. The results showed that the COVID-19
pandemic impacted to the incomes of farmers who partnered with companies X, Y, and Z, other than
that it influence price fluctuations. The income earned by farmers with partnhership patterns on a
business scale of 3000 tail is the highest breeder who partners with PT. Z was USD 1,564.63 and USD
0.52/tail/period. As for the business scale of 4000, the highest is PT. Y of USD 2,285.97 and USD
0.76/tail/period.
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INTRODUCTION

The development of the broiler chicken business in Indonesia is relatively more advanced than in other livestock
businesses (Coyne et al., 2019, 2020). Broiler chicken is one of the poultry commodities that contributes significantly to
meeting the protein needs of animal origin for the people of Indonesia (Coyne et al., 2020). Broiler chickens have fast
meat growth in a relatively short time and the genetic advantages of broiler chickens and good feeding can display
optimal production performance (Wahyono and Utami, 2018; Baxter et al., 2021).

Investment opportunities in broiler agribusiness are enough to attract people to open a business. This can be seen
from the population of broiler chickens which continues to increase yearly, and its contribution is quite broad in expanding
employment opportunities. A partnership pattern is a form of cooperation between entrepreneurs and farmers in terms of
managing the livestock business for a certain period to achieve mutual benefits. Plasma farmers who follow the
partnership pattern are sufficient to provide cages, labor, equipment, electricity, and water, while seeds (DOC), feed and
medicines, technical guidance, and marketing are provided by the core company (Riwukore and Habaora, 2020).

The COVID-19 pandemic began in early 2020 with the implementation of Large-Scale Social Restrictions, impacted
all economic industries, including the broiler farming business. The results of research by Sain et al. (2021) stated that
this pandemic affected broiler chicken farmers, disrupting the supply chain of seeds, feed, and medicines. Other impacts
that farmers also feel are a decrease in income, a decrease in the population of livestock kept, a decrease in consumers,
and an increase in production costs. Therefore, the sustainability of the meat farming business can be threatened given
the decline in business productivity and farmer income.

The broiler chicken business's sustainability indirectly impacts both the company (core) and farmers (plasma). The
purpose of income analysis is to describe the current situation and measure a business's succss (Budiraharjo and
Handayani, 2008; Geo et al., 2020). Based on these facts, it has aroused interest in conducting further investigations on
farmers' income with a partnership system during the COVID-19 pandemic in Lekopancing Village, Tanralili District, Maros
Regency. The problem in this study is the income of farmers who carry out a partnership system during the COVID-19
Pandemic in Lekopancing Village, Tanralili District, Maros Regency.

This study aimed to determine the income of farmers who carried out a partnership system during the COVID-19
Pandemic in Lekopancing Village, Tanralili District, Maros Regency. The information from this research is expected to be
useful as consideration for companies and farmers to increase income for companies and farmers, for farmers as
information or consideration in running their business and as material for further research as well as reference material
for researchers who will conduct the similar study at a later time.
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MATERIALS AND METHODS

Time and place

Research on income analysis in a partnership system broiler farming business during the COVID-19 pandemic (a case
study of Lekopancing Village, Tanralili District, Maros Regency) was carried out in March-April 2021. This research was
conducted in this area because it is one of the areas where many farmers keep broiler chickens and are affected by
COVID-19.

Types of research
This type of research was quantitative descriptive, namely research that describes the condition of the variable,
namely the income of farmers who collaborate with companies in Lekopancing Village, Tanralili District, Maros Regency.

Data types and sources

The type of data used in this study was quantitative data, namely data in the form of numbers that can be obtained
based on the results of questionnaires from farmers or respondent information. The sources of data used in this study
were as follows:

Primary data was obtained directly from the source without going through an intermediary. Primary data was data
sourced from interviews with broiler farmers who have partnerships. This data includes data during the COVID-19
pandemic from May 2020-December 2020 (3 maintenance periods), respondent identities, and data on cost analysis
used by farmers. Secondary data is obtained indirectly but through intermediaries (obtained and recorded by other
parties). This data was in the form of records or archive reports that are published or not published. The data includes the
general condition of the location, including a description of the location.

Method of collecting data

The process of collecting data in this study used field study techniques and literature studies. The field studies
consisted of A) Observation was data collection which is done through direct observation of research locations and
activities of broiler farmers with a partnership system in Lekopancing Village, Tanralili District, Maros Regency; B)
Interviews were data collection which was conducted through direct interviews with broiler farmers with a partnership
system in Lekopancing Village, Tanralili District, Maros Regency; C) Questionnaires or questionnaires were methods or
techniques used by a researcher to collect data by distributing some sheets of paper containing questions that
respondents must answer; E) Documentation is looking for data in the form of notes, reports, and tables, photos, and so
on related to the object of research. In this study, the data obtained were photos with partnered farmers in Lekopancing
Village, Tanralili District, Maros Regency.

Population and sample

The population was the farmers who have partnerships with the core company as many as 22 farmers are also the
sample in this study (saturated sample). These 22 farmers were partnered with 3 core companies, namely X, Y, and Z
companies. The distribution can be seen in Table 1.

Table 1 - Distribution of research samples

Scale enterprises Company X Company Y Company Z Amount
3,000 tails 1 4 4 9
4,000 tails 1 8 4 13

Data analysis

The data used in this research is a descriptive analysis to describe the production costs, revenues, and income
obtained by broiler farmers in the partnership system in Lekopancing Village, Tanralili District, Maros Regency. The
calculation of total costs, revenues, and income, according to Soekartaw (2002), are as follows:

Total Production Costs (TC) are composed of all expenses during the production process due to fixed and variable
costs.

TC=TFC + TVC

Where

TC = Total Production Cost (Total Cost) (USD/Period); TFC = Total Fixed Cost (USD/Period); TVC = Total Variable Cost
(USD/Period)

Revenue is the amount of revenue minus the total cost of production
TR=QXxP
TR = Total Revenue (Total Revenue) (USD/Period; ; Q = Number of Products (Kg); P = Price/ Unit of Product (USD/Kg)
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Analysis of Revenue/Cost ratio (R/C)
R Pq

C TFC-TVC
R = Revenue; C = Cost; Pq = Price and Quantities; TVC = Total Variable Cost; TFC = Total Fixed Cost

RESULTS AND DISCUSSION

Income from broiler farming is the difference between revenue and total costs incurred. The income received by farmers
is determined by the size of the costs used in the production process because production costs are one of the most
important factors.

Production cost

Cost is the basis for determining prices because a price level that cannot cover costs will result in losses. Conversely,
if a price level exceeds all costs, production, operating and non-operating costs will generate profits (Soekartawi, 2002).
Production costs are classified into 2, namely fixed costs, which are types of costs incurred by farmers that do not depend
on the size of the volume of production, for example, expenses of property tax, depreciation of cages, and depreciation of
equipment. Meanwhile, variable costs vary according to the size of the production volume, such as DOC, feed, medicine,
and operational costs (labor, electricity, husk, and LPG gas).

Fixed cost

Fixed costs are costs incurred for procuring components supporting the production process where these components
can be used in several production processes (Joshua Olorunwa, 2018). For example, fixed costs on each farm of each
company in Lekopancing Village, Tanralili District, can be seen in Table 2.

Table 2 - Fixed costs of broiler chicken business in Lekopancing village per period (USD)

No Fixed Cost Business Scale 3000 Business Scale 4000
PT.X PT.Y PT.Z PT.X PT.Y PT.Z
1 Cage Shrinking 100.20 137.06 127.45 234.01 178.23 221.48
Equipment Depreciation 40.04 44.62 37.09 40.99 51.62 48.98
Land and Building Tax Cost 0.05 0.21 0.19 0.47 0.34 0.40
Sub Total 140.29 181.89 164.73 275.47 230.19 270.86

Cage shrinking

The difference in the shrinkage of the cage in each scale is the difference in the area of the cage. For example, the
average cage area on a scale of 3000 tails for X’'s company is 600 m2, Y’s company is 420 m2 and Z’s company is 340 m?2
while the average cage area is on a scale of 4000 tails for X’s company is 720 m2, Y’s company is 710 m2 and Z’s
company is 805 m2. The number of depreciation costs of the cage depends on the costs incurred to make the cage. The
wider or better the cage, the more costs incurred to make the cage. This is following the opinion of Kalangi et al. (2021),
that the coops of partner farmers who cooperate with the company must meet company standards so that the chickens
do not experience stress. The size of the cage area depends on the density of the kept livestock population.

The broiler chicken coop has the ideal size cage. There is even an ideal standard for broiler chicken coop sizes that
will be kept in the tropics so that chicken growth remains good. In determining the size of the ideal broiler chicken coop,
one must pay attention to the level of broiler population density based on age, namely one day - one week 40-50 birds
per m2, Age 2 weeks 20-25 birds per m2, and Age more than 2 weeks 8-12 birds per m2. More than this number, the
temperature of the cage quickly increases, especially during the day at adult age which causes feed consumption to
decrease, chickens tend to drink a lot, stress, stunted growth, and are susceptible to disease (Nadzir et al., 2015; Rahman
et al., 2020).

The amount of equipment depreciation costs incurred by 3000 business-scale farmers are the highest at Y’s
company of USD 44,62 and the lowest is at Z's company USD 37,09 while the cost of equipment depreciation incurred by
business-scale farmers of 4000 tails is the highest at Y’'s company USD 51,62 and the lowest is at X’s company
amounting to USD 40,99. The equipment used by farmers includes feeders, drinking containers, heaters, shovels, water
dynamos, machetes, buckets, basins, and ropes. Equipment depreciation costs incurred by each breeder vary greatly, this
is following the scale of the farmer's business, the price, and the number of tools used. This follows the opinion of
Naradhipa et al. (2020) which states that the need for a place to feed and drink depends on the number of chickens kept
and the age of the chickens. Tube-shaped feed container (diameter 38 cm) or a capacity of 5 kg, one tube feed content
can be used for 30-35 chickens. The cost of depreciation of cage equipment is the same as the cost of depreciation of
cages, the size of the depreciation cost of cage equipment that is borne each period is influenced by the scale of business.
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Variable cost

Variable costs, referred to as variable costs, are costs incurred for the procurement of supporting components during
the production period, the size of which is influenced by the scale or amount of productionsed up in one production
process (Kamruzzaman et al., 2021). The variables included in the costs incurred by farmers include DOC, feed, labor,
medicine, electricity, gas, and husks. Variable costs on each company's farm in Lekopancing Village, Tanralili District can
be seen in Table 3.

Table 3 - Average variable costs per period of business scale 3000 and 4000 tails (USD).

PT.X PT.Y PT.Z
No. Description Business Business Business Business Business Business Scale
Scale 3000 Scale 4000 Scale 3000 Scale 4000 Scale 3000 4000
1 Seeds 1,534.26 2,045.68 1,599.27 2,132.36 1,492.00 1,989.34
2 Feed 4,720.83 5,853.22 4,761.14 5,997.03 4,944.27 6,928.47
3 Labor 137.82 179.86 141.51 173.85 140.56 173.42
4 OVK 103.57 113.21 108.16 119.56 106.29 94.5
5 Electricity 23.84 19.50 2411 24.24 20.37 29.6
6 Gas 56.34 49.84 42.26 73.35 47.95 75.85
7 Husk 18.64 31.96 25.46 53.88 26.82 40.74
Sub Total 6,595.30 8,293.27 6,701.91 8,574.27 6,778.26 9,331.92
Seeds

The average cost of seeds for business scale 3000 the highest is at Y's company of USD 1,599.27 and the lowest at
Z’s company is USD 1,492.00. For Expenditures of the cost of seeds, the highest X’s company occurred in the third period,
was USD 1,560.27, for Y’'s company in the second period was USD 1,638.28, while for Z's company in the third period was
USD 1,536.86. Likewise, for a business scale of 4000, the highest average cost of seeds is also at Y’'s company was USD
2,132.36 and the lowest at Z's company was USD 1,989.34. The difference in the cost of seeds is due to the difference in
the price of seeds for each company and the cost of seeds incurred by the breeder and each company following the
contract previously agreed by both parties. The cost of seeds (DOC) is a fairly large production cost in a broiler farming
business with a portion between 10-16% of the total production cost (Sani et al., 2015; Kalangi et al., 2021). The size of
the business scale can determine the level of income and profits of the actors involved in running it.

The availability of DOC is also one of the factors in determining the number of chickens to be produced. This is
following the opinion of Ningsih and Prabowo (2017) which states that the availability and price of day-old chick (DOC)
affect the broiler production process. The availability of DOC at the farmer level, there is no decrease in the number of
populations being kept during the COVID-19 pandemic, but resulted in a delay in the distribution of DOC to farmers. This is
due to the implementation of Large-Scale Social Restrictions which have been implemented in every region in Indonesia.

The average cost of feed on a business scale of 3000 is the highest at Z's company was USD 4,944.27 and the lowest
at X’s company was amounting to USD 4,720.83. Expenditures for the cost of feed at X’s company and the highest in Y’s
company was occurred in the second period, was USD 5,217.62 and USD 4,868.68, and for the cost highest in Z’s
company in the third period was USD 5,356.49. On a business scale of 4000, the highest average cost of feed is also at
Z’s company was USD 6,928.47 and the lowest at X's company is amount to USD 5,853.22. This difference is because
each company's feed cost is different and each period will change. This is following the opinion of Sani et al. (2015) which
states that the cost of feed has a portion of 70-80% of the total production cost. Thus, feed greatly affects the success of
a broiler farming business.

During COVID-19 the availability of feed at the farmer level in Lekopancing Village, Tanralili Subdistrict is sufficient,
however, the maintenance period for broiler chickens during the COVID-19 pandemic is longer than before, resulting in
more total feed requirements. There is no impact from the implementation of Large-Scale Social Restrictions on the
availability of animal feed. It's just that the transportation/distribution of feed is slightly disrupted due to inspections at
the border area because all areas are on lockdown. This condition directly affects expedition drivers who do not want to
travel and prefer to rest or stay at home.

The average amount of labor costs incurred by farmers on a business scale of 3000 at X's company was USD 137.82,
Y’s company was USD 141.51 and Z's company was USD 140.56 while the labor costs for business scale farmers are
4000 X's company as much as USD 179.86, Y’s company was USD 173.85 and for Z's company was USD 173.42. The
workforce is divided into 2, namely production workers who work when the chickens come in until harvest, and daily labor
is needed only at harvest. This is following the opinion of Yusuf et al. (2016) which states that the labor used by farmers is
grouped into two major groups, hamely production workers and external (wage) workers. The salary distribution system
for production workers is in the form of money with a nominal value of USD 130.02 for a population of 3000 individuals
and USD 0.16.
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Revenue

Revenue is the sum of the components of production revenue expressed in rupiahs, namely sales of chickens and
sales of the production process for one period. The income obtained by farmers is then used to cover the total costs that
have been incurred (Iskayani et al., 2016). Revenue from each farm of each company in Lekopancing Village, Tanralili
District can be seen in Table 4.

The income of plasma farmers fluctuates every period. This fluctuation in revenue is due to the mortality rate, FCR
rate, average weight of the harvested chickens, and the contract price of chickens. The income fluctuates every period as
a result of the high risk of weather and disease risk in the livestock business. The largest total revenue on a business
scale of 3000 and 4000 tails were Z's company was USD 8,503.06 and USD 11,641.80 and the lowest at X’s company
was USD 8,136.50, and USD 10,755.42. Livestock business revenue is the result of efforts to sell the main livestock
business carried out, while the capital used for the business is not included in it. The selling price determined in the
market multiplied by the amount of business production is the gross revenue obtained through the livestock business.
This is following the opinion of Geo et al., 2020; Yusuf et al., 2016) which states that the nhumber of chicken sales will
depend on body weight gain and the price per kilogram of chicken. The price is determined based on the live weight of the
chicken. The price continues to fluctuate in line with market demand and supply. The amount of a farmer's income can be
analyzed using a predetermined product price multiplied by the amount of business production.

Total Revenue at companies X, Y, and X fluctuated during the COVID-19 pandemic. This was due to the unstable
selling price of live chicken due to weak market demand the rest of the price decline was also due to Large-Scale Social
Restrictions due to the COVID-19 pandemic so that there is a buildup of live chickens at the farmer level. This resulted in
the condition of the average weight of chickens and different levels of mortality. Mortality affects the number of healthy
chickens ready to harvest in the coop.

Table 4 - Average revenue per period of business scale 3000 and 4000 Tails (USD)

. Business Scale 3000 Business Scale 4000
Description
PT.X PT.Y PT.Z PT.X PT.Y PT.Z
Chicken 8,086.22 8,163.68 8,472.35 10,695.61 11,046.00 11,608.04
Phase 50.28 35.11 30.71 59.81 38.13 33.76
Total Receipt 8,136.50 8,198.79 8,503.06 10,755.42 11,084.13 11,641.80

Income analysis

Income is the goal of every type of business. Income can be achieved if the amount of revenue obtained from the
results of the operation is greater than the total expenditure. The higher the difference, the higher the profit that can be
obtained. The income of farmers in Lekopancing Village, Tanralili District can be seen in Table 5.

The income earned by broiler farmers in partnership pattern in Lekopancing Village on a business scale of 3000 tails,
the highest is farmers who partner with Z's company with a total was USD 1,564.63 and USD 0.52/tail/period. As for the
business scale of 4000, the highest was Y’s company was USD 2,285.97 and USD 0.76/tail/period. The difference in
income earned by farmers who partner with X and Y companies and farmers who partner with Z's company with a
business scale of 3000 and 4000 tails is caused by differences in production costs incurred, for example, the cost of
seeds and feed costs. In addition to differences in production costs, differences in income earned by farmers in
partnership with X and Y companies and farmers who partner with Z's company is also due to the different selling prices
of chicken meat.

The COVID-19 pandemic has resulted in the income of farmers who parther with companies of X, Y, and X
experiencing fluctuations in input-output prices every period. This is due to the implementation of social distancing, so it
becomes an obstacle for brokers to take live chickens from farmers. This again becomes a production burden, namely
increasing harvest age and then automatically followed by an increase in production or maintenance and of course
increasing production costs, in this case following the very popular farm production triangle law, namely breed, feed and
management where it is said that 70 % production costs are feed costs.

The results showed that the broiler farming business was profitable during the COVID-19 pandemic, although at the
beginning of the COVID-19 pandemic there was a decline in income but did not cause losses for farmers. This is not
following the opinion of Sain et al. (2021) stating that the losses from the COVID19 pandemic include supply chain
disruptions due to disruption of DOC distribution, feed, and medicines as well as operational activities. Therefore, the
sustainability of the meat farming business can be threatened given the decline in business productivity and livestock
income. The distribution of sales profits in pandemic has not changed much, still according to the contract between
farmers (plasma) and companies (core). However, there was a change in the amount of income in a year due to the
reduced number of maintenance periods due to the constraints faced during the pandemic, namely movement
restrictions, resulting in hampered feed distribution and decreased sales. This causes some companies (core) to slow
down or delay the collection of chicken from farmers even though it is ready to be marketed.
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Table 5 - Average income per period of business scale 3000 and 4000 Tails (USD)

o Business Scale 3000 Business Scale 4000

Description

PT.X PT.Y PT.Z PT.X PT.Y PT.Z
Reception 8,136.49 8,198.78 8,503.07 10,755.42 11,084.06 11,504.45
Production Cost 6,732.20 6,878.78 6,938.44 8,561.13 8,798.09 9,595.28
Total Income 1,404.29 1,320.01 1,564.63 2,194.29 2,285.97 1,909.18
Average/Tail 0.47 0.44 0.52 0.73 0.76 0.64

CONCLUSION

The results of research that have been carried out in Lekopancing Village Tanralili Subdistrict, Maros Regency, it can be
concluded that the COVID-19 pandemic has resulted in the income of farmers who partner with companies X, Y, and X
experiencing production price fluctuations. The income earned by broiler farmers with partnership patterns on a business
scale of 3000 heads is the highest breeder who partners with Z’'s company was USD 1,564.63 and USD 0.52/tail/period.
As for the business scale of 4000, the highest of Y’'s company was USD 2,285.97 and USD 0.76/tail/period.
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ABSTRACT: Amount of pollution radiation in foodstuffs and feedstuffs are very necessary to measure because 223 2 2
it is a direct contact with human and animal health. Therefore, the present investigation is useful for the 2 {;5 § % (T,
health and environmental data base. The study included measurement of effective radium-226 content (Cra) =3 g a N m
in some chosen samples of vegetables and fruits (local and imported) in Najaf governorate. The Cra were £ C E * %
measured in samples of vegetables and fruits using Solid State Nuclear Track Detectors (LR-115 Type II). N = 33 o
Also, the annual effective dose (AED) associated with the exposure due to annual intake of 226Ra were z [";. S ==
calculated from ingestion of vegetables and fruits samples for adults. The results were revealed that the SN N § >
average value of Cra in vegetables and fruits samples in the present study was 3.98+1.08 Bq/kg and NN 8 S 3
1.73+0.11 Bq/kg, respectively. While, the average of AED (mSv/y) for vegetables and fruits samples was » f o)
0.067+£0.018 and 0.082+0.005, respectively. Also, the results showed that the average value of AED from N E

fruits consumption is larger than in vegetables, but the result is not significant. All results of the Cra and AED
of the studied samples had been compared with the worldwide reported value (median). Accordingly, it was
found that all findings were lower than that of the recommended limits of the UNSCEAR 2000. Finally, based
on present investigations, no health risk expected when considering eating vegetables and fruits of Al-Najaf
of Iraq.

Keywords: Alpha emitters, Food contamination, Radium-226, Herbal samples, Al-Najaf.

INTRODUCTION

It is customary that people are exposing to natural radiation in everyday life. The basic components that support human
beings’ continuous life is sought from the soil, water, air and vegetation. In this regard, some of the latter components are
either inhaled or ingested into the body where they contain measurable amount of radioactivity (Abojassim et al., 2021).
It should be noted that the specific metabolism of different plants types might lead to an accumulation of radio-nuclides
that depends upon the physico-chemical characteristics of the soil (Engelbrecht, 2020). Fertilizers affect the increase in
the concentrations of nuclides that occur naturally in the soil and therefore in plants at higher rates in agricultural areas
(Ba et al., 2022; Najam et al., 2022).

Thus, the naturally occurring and man-made nuclides are transmitted to crops through the soil as one of the steps of
the plant food chain through the roots, which is the initial step of this chain (Mukherjee, 2022). There may be an increase
in the amount of risk that the human population might expose to via food chain (Shaw, 2018). Some of the
aforementioned radiations are originated from natural sources, while others are from artificial sources. To illustrate, the
natural sources of radiation include cosmic, terrestrial and internal radiations. By contrast, the artificial sources include
medical radiation-based procedures, commercial radioactive materials-based products, and finally the fallout from
nuclear testing (Abojassim et al., 2021). The major terrestrial elements of radioactivity include uranium, thorium,
potassium and together with their corresponding decay products namely: 'radium and radon' (Shaw, 2018). Radium
deposits in the bones up to 20%, causing necrosis and decomposition of the bones due to its radioactive activity that
repels calcium from them. The danger of internal and external exposure to it lies in the alpha emitters that kill and mutate
cells, and an isotope Radium-226 (226Ra) is the most toxic. The radium is a natural radioactive element. It is existed in the
uranium and thorium series of the crust of the earth. In this context, the radium was used in many applications such as its
use as a self-iluminating material in dial clocks, medical diagnoses and therapy (radiation therapy and brachytherapy)
(Abojassim et al., 2021). The most abundant of the radium isotopes is 226Ra that is a natural arises as a decay product of
uranium-238 (238U). 226Ra is an alkaline earth metal with physiological and environmental qualities similar to calcium and
barium, making it an important radiotoxic radionuclide (L'annunziata, 2016). 226Ra being an alpha-emitter and having a
half-life about 1620 years, it is of utmost interest because when deposited in internal organs of humans, it is known to
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cause severe radiation damage resulting from the alpha particles and short-lived daughter radionuclides of high specific
activity emitted in its decay process (Zimmermann, 2007).

Such severe radiation damage may cause cancer as in the case of the early radium dial painters. Groundwater and
Ra-bearing interact of components like rocks, soil, ore bodies, and other materials are natural sources of radium in
groundwater then in some foods. Currently, chemical based agricultural fertilizers are key for the purpose of agricultural
activity. They can help in increasing the production of crops and therefore improving the nutrient lands characteristics.
Nevertheless, it is possible to encounter the negative impact of aforementioned fertilizers. For example, it includes the
contamination of the agricultural lands by trace elements, and certain types of the naturally occurring radioactive
materials (NORM) (Azeez et al., 2020).

Consequently, the latter argument can highlight that the usage of the fertilizers may involve certain types of hazards
due to radiation to the farmers and then to general public (Abojassim, 2021). In this regard, the radium can result in some
carcinogenic diseases to include lung, bone, skull, and nasal passage cancers when it is being inhaled. In case of internal
exposure to large amounts of radiation, the radium has been reported to induce the cancer of bone cancer in animals as
well as humans. In Iraq, animals become contaminants when they feed on radium-226 contaminated plants (vegetables
and fruits) and water; those radionuclides are transferred to their bodies and products such as milk and dairy products,
eggs, meat. As a result, contamination occurs primarily because of animals' ingestion of contaminants. The monitoring of
the concentrations of radium in either sample (i.e., vegetables and fruits) had been the research focus for many published
studies worldwide (Hashim and Najam, 2015; Girault et al., 2021; Hassan and Rashid, 2022).

This research was focused on investigating the radium-226's concentrations in samples of vegetables and fruits
which are consumed in Najaf, Iraq utilizing the technique of nuclear track detectors (e.g., LR-115 type-ll).

MATERIALS AND METHODS

Sample collection and preparation

Nine samples of vegetables together with nine samples of fruits were collected from the local markets of Najaf, Iraq
as shown in Tables 1 and 2, respectively. After the collection of the required samples decided for this research from
markets, they were cleaned and dried using electric oven at 60 Co for one day. Next, the samples were crushed via
utilizing an electric mill. To reach the homogeneity of the samples, they were sieved using a 0.8 mm-pore-size sieve. Then,
the resulted sample powder was placed in a plastic cup whose dimensions: 5 cmm diameter, 7 cm length and 130 ml
volume). The samples were labeled using a code and the country of origin. The corresponding net were determined and
recorded utilizing digital balance with high accuracy. Finally, the plastic cups were stored for around one month before the
counting process begins. This is in order to reach the secular equilibrium among the isotopes of natural decay series

(Abojassim et al., 2016).
Table 2 - Samples of fruits under study.

Table 1 - Samples of vegetables under study.

No. Name of Code Courlitfy of No. Name of fruits Code Courlitfy of
vegetables origin origin
1 Celery Vi 1 Rearrange F1
2 Parsley V2 Iraq 2 Pomegranate F2 Iraq
3 Watercress V3 3 Pear F3
4 Onion V4 4 Watermelon F4 Iran
5 Lettuce V5 . 5 Apple F5
6 Zucchini V6 6 Banana F6
Egypt
7 Bell Pepper V7 7 Orange F7
8 Chili Pepper V8 India 8 Lemon F8
. . Turkey
9 Garlic V9 China 9 Apricot F9

Methods of measurement

After end time equilibrium, A piece of LR-115 type-ll a sensitive cellulose nitrate (Ce-HsOs-N2) detector with area 1x1
cm2 and thickness of 12mm was placed at the bottom of each cylinder cover, with samples at the bottom of cylinder and
then sealed for exposure of 90 days. Detectors were etched with sodium hydroxide (NaOH) solution of 2.5 (which is
prepared by dissolving 40gm of NaOH in 0.4 Litter of distilled water) normality in temperature at 60°C within 90min in
order to show the tracks (Hady et al., 2016). The tracks count per unit area of the studied samples were counted using an
optical microscope (Novel N-120A, 400X magnification power).

Statistical analysis
In this work, the statistical analysis has been carried out by using the statistics software package SPSS version 23.0
for windows.
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Theoretical equations
Track density (p) of each sample (track/cm2) was measured using equation (1) as follows (Abojassim, 2021):
Track No.Tracks
( c? ) - Area of view @)
The equation (2) was used to determine effective radium-226 content (Cra) in samples, as following (Ibrahim et al.,
2021; Hashim et al., 2021):

Cra(Bq.kg™) = (ﬁ) (*) (2)

M

where, h: refers to the height of the sample inside the plastic cup (5 cm), A: refers to the area of plastic cup, M: refers
to the mass of sample, K: represents the calibration factor which is equal to (0.256 tracks.cm2. d1/ Bq.m=3) and Tes
represents the time of actual exposure which was calculated using equation (3) (Oleiwi et al., 2021):

Ter=[ T — Az% (1 — e & T)] (3)

where Arn represents the decay constant for 222Rn.

Annual effective dose (AED) based on specific activity 226Ra in unit Bg/kg (Cra) Were calculated using (4), as following
(Abojassim and Lawi, 2018):
AED (”yﬂ) = Cpy X I X CF (4)

where, | is consumption rate of samples which it is equal 60 kg/y for vegetables samples and 170 kg/y for fruits
samples, and CF is conversion dose factor which it is equal 280 nSv/Bq (UNSCEAR, 2000).

RESULTS AND DISCUSSIONS

The results of Cra in Bq/kg for vegetables samples in the present study as well as results of annual effective dose in
mSyv/y are given in Table 3. From Table 3, it is show that, the highest value of Cra was 10.291 Bq/kg in sample V4 (Onion,
made in Iran), while the lowest value was 1.667 Bq/kg in sample V2 (Parsley, made in Iraq) with an average value of
3.98+1.08 Bq/kg. Also, from same Table 3, it is show that, the range values of annual effective dose due to 22¢6Ra
concentrations were ranged from 0.028 mSv/y to 0.173 mSv/y, with an average value of 0.067+0.018 mSv/y. Table 4
illustrates the results of Cra in fruits samples of the present study. Table 4 show that the range of Cra in fruits samples in
the present study varies from 1.232 Bq/kg in sample F5 (Apple, made in Iran) to 2.174 in sample F6 (Banana, made in
Egypt), with an average value of 1.73+0.11 Bq/kg. The annual effective dose due to 226Ra concentrations were
determined for various samples of fruits which ranged from 0.059 mSv/y to 0.103 mSv/y with an average of
0.082+0.005 mSv/y. The results of 226Ra concentrations in the collected vegetables and fruits samples under study were
lower than the world median according to UNSCEAR 2000 (UNSCEAR, 2000) which is 32 Bq/kg. Also, this indicates that
the annual effective dose in all vegetables and fruits samples was lower than the permissible limit of internal exposure
due to ingestion which equal 0.3 mSv recommended by UNSCEAR 2000 (UNSCEAR, 2000). From results in Tables 3 and
4, it was found that there was a significant difference across all samples when considering the values of radium
concentrations in vegetables and fruits samples due to geochemical composition and origin of soil cultivation kinds in this
location which is taken of samples.

Table 3 - Results of Cra and AED in vegetables Table 4 - Results of Cra and AED in fruits.
No. Code Cra (Ba/kg) AED (mSv/y) No. Code Cra (Ba/kg) AED (mSv/y)
1 Vi 1.884 0.032 1 F1 1.449 0.069
2 V2 1.667 0.028 2 F2 1.739 0.083
3 v3 2.029 0.034 3 F3 1.594 0.076
4 V4 10.291 0.173 4 F4 2.029 0.097
5 V5 3.189 0.054 5 F5 1.232 0.059
6 V6 9.711 0.163 6 F6 2174 0.103
7 V7 2.319 0.039 7 F7 2.102 0.100
8 v8 1.957 0.033 8 F8 1.305 0.062
9 Vo 2.826 0.047 J F9 1.957 0.093
Average + S.E 3.98+1.08  0.067+0.018 Averagert SiE 1731011 0.082:0.005

Cra= Effective radium-226 content; AED= Annual effective dose; Cra= Effective radium-226 content; AED= Annual effective dose;

V= vegetables sample. F= fruits sample.

The comparison of the average value of Cra and AED between vegetables and fruits samples in the current research
can be seen in Figures 1 and 2, respectively. There are two ways to transfer natural radionuclides to plants and one of
these two methods of natural radionuclides transmitted method of absorption indirectly from the soil via the roots. While
the crops are growing up in a given contaminated soil, the radioactivity is driven from the soil to the plant roots and from
there into the plant stem, and then into leaves of the fruit tree (Hussain and Rani, 2010). That is why the emergence of
radium concentrations in vegetables are higher than in the fruit (Figure 1), because most vegetables have roots and
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leaves while the fruits have few roots. Regarding the annual effective doses, it had been found that for the fruits the value
was larger than the dose in vegetables (Figure 2). This larger value for fruits is due to the high consumption rate of
samples by adult. Finally, we can say the vegetables and fruits in the present study are no health hazards due to radium-
226 concentrations.
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Figure 1 - Compering of the average value of 22°Ra Figure 2 - Compering of the average of AED between
concentrations between vegetables and fruits samples in . .
vegetables and fruits samples in the present study.
the present study.

CONCLUSION

According to the findings obtained by this research, one can conclude that the radium-226 concentrations values together
with annual effective dose for eighteen samples of vegetables and fruits were noticed to be below the worldwide median
value (i.e., 32 Bgq/kg and 0.3 mSv/y) which were reported by UNSCEAR 2000. It was also found that the average
concentration value of 226Ra in vegetables samples was seen to be larger than in the fruit's samples. Concerning the
annual effective dose resulted from the fruits samples was noticed to be larger than in vegetables samples. The findings
of this work, however, demonstrate that vegetables and fruits (local and imported) in the Iraqi market in Najaf
governorate consumption does not pose any severe health risks to humans and animal. Animals receive radium-226
through their food (such as vegetables and fruits) and water. Therefore, we must recommend the necessity of detection
on the contamination occurs primarily as a result of animals' ingestion of this food.
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ABSTRACT: A study was conducted to determine the effect of feeding Rhodes grass (RG; Chloris gayana) as I X
treatment 1 (T1), elephant grass (EG; Pennisetum purpureum as T2), guinea grass (GG; Panicum maximum as .‘;5 2 § % (T,
T3) and bermuda grass (BG; Cynodon dactylon as T4) supplemented with a similar amount of concentrate r;{ 22N Mm
mixture (CM; wheat bran (WB) and Noug seed cake (NSC) at 67:33 ratio) on performance and economy of E < =9 %
fattening of Blackhead Ogaden sheep. The study consisted of a feeding and digestibility trials of 90 and 7 =52 3 o
days long, respectively. Twenty-four intact yearling Blackhead Ogaden sheep with an initial body weight (BW) _‘5’ g 3 'g -
of 15.83+0.04 kg (meantSD) were used in a randomized complete block design based on their initial BW N3 NS >
with four treatments and six replications. All animals received 300 g dry matter (DM) of CM. Nutrient NPRG 3
concentration of RG, EG, GG, BG, NSC and WB were 5.5, 8.8, 7.6, 7.9, 24.3 and 14.0% crude protein (CP), and S 5
83.3, 74.5, 75.4, 81.5, 39.0 and 45% neutral detergent fiber, respectively on DM basis. Intake of DM was N E

696, 700, 719 and 716 g/day (SEM = 0.004) for T4, T2, T3 and T4, respectively and was lowest for T1 and
highest for T3. The CP intake was also lowest for T1 (89 g/day), and similar among the other 3 treatments
(99-103 g/day). Digestibility of CP and organic matter were highest for T2, intermediate for T3 and T4 and
lowest for T1. Average daily gain was in the order of T2 > T3 =T4 > T1 (27, 63, 50 and 45 g/day (SEM = 13.1)
for T1, T2, T3 and T4, respectively); whereas hot carcass weight did not significantly differ among treatments
(5.7, 6.4, 6.1 and 6.3 kg (SEM = 0.36) for T1, T2, T3 and T4, respectively). Total return, net income and
marginal rate of return were all in the order of T2 > T4 > T3 > T1. Therefore, based on biological performance
as well as economic return, sheep fed elephant grass perform better. However, variations in performance and
economic return among the four grass species needs to be taken cautiously as part of the difference might
have attributed to differences in the stage of maturity of the grasses up on harvest for feeding the lambs.

Keywords: Blackhead Ogaden sheep, Digestibility, Feed intake, Performance, Weight gain.

INTRODUCTION

Sheep contributes to a substantial amount to the farm household income, mutton and non-food products (manure, skin
and coarse wool). In addition to many other socioeconomic and cultural functions, they are a source of risk mitigation
during crop failures, property security, and monetary saving and investment (Dossa et al., 2008). The productivity of
indigenous sheep breed is low as compared to temperate breeds due to limited genetic capacity and diverse
environmental factors. Among environmental factors, the main bottleneck for poor animal production in many African
and Asian countries is an insufficient supply and low level of feeding due to a severe feedstuff shortage. Ben Salem et al.
(2003) reported that there is a wide gap between the requirements and supplies of nutrients for small ruminants in
numerous African and Asian countries. Higher animal density in relation to grazing areas, unreliable rainfall, increasing
human population, small land holdings, and declining land productivity are all contributing factors to this gap. In addition
to scarcity of feed, sheep productivity is constrained by diseases, lack of infrastructure, market information and trained
personnel (Chikwanha et al., 2021; Mengistu et al., 2021).

The major feed resources for small ruminants in Ethiopia are forage from natural pastures, crop residues and agro-
industrial byproducts (Duguma and Janssens, 2021; Bayissa et al., 2022). The availability of the major feed resources,
however, fluctuates seasonally. The scenario holds true in Somali Region where natural pasture and crop residues are the
dominant feed resources for small ruminants and feed shortage is faced during dry seasons (Maleko et al., 2018; Habte
et al., 2022). Sheep production in Somali Region is constrained not only by the quantity of available feeds but also by the
poor quality of the feed resources (Kenfo et al., 2018). Sheep in the area depend predominantly on high fiber feeds that
are deficient in nutrients essential for microbial proliferation and nutrient supply to the animal (Xin et al., 2021; Yang et
al., 2021). The implications of such poor nutritional values are slow growth rates, poor fertility, and high rates of mortality
and consequently reduced production of livestock (Walsh et al., 2011).
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In Ethiopia, even though poor quality and quantity of feed constrained sheep productivity, most sheep are slaughtered
at about 12 months of age with body weights (BW) of 18-20 kg. This shows that there is a scope for improvement by
improving the feeding and reproductive management practices and health care management (Kassahun, 2000). One of a
feeding management practice is improving the nutritive value of low quality feed resources. In crop livestock production
system, the strategy used to upgrade the feeding value of animal feed is feed supplementation. These involve the use of
fodder banks, fodder trees, by-products such as oil seed cakes and meals, and urea/ molasses licks. Hay from various
species of grasses along with appropriate supplementation can also make sheep perform well. Such a feeding strategy
can be a feasible approach for agro-pastoral areas so long as awareness is created. In Fafan area of the Somali Regional
State, there are an ongoing works on improved forage grass selection and development, including Rhodes grass (Chloris
gayana), elephant grass (Pennisetum purpureum), guinea grass (Panicum maximum) and Bermuda grass (Cynodon
dactylon). However, the potential of these grass species for sheep performance has not been tested in the area. This study
was therefore, aimed to determine the effect of feeding Rhodes grass, Elephant grass, Guinea grass, and Bermuda grass
hay supplemented with a similar amount of concentrate mixture on intake, digestibility, growth rate and carcass
characteristics of Blackhead Ogaden sheep and evaluate the economics of the feeding regime through partial budget
analysis.

MATERIALS AND METHODS

Experimental site

The experiment was conducted at Fafan Agricultural Research Center of the Somali Region Pastoral and Agro
Pastoral Research Institute (SORPARI) located in Somali Regional State, Ethiopia. Fafan is located at 9.08°N and 42021 E
and has an elevation 1600-1700 meters above sea level. The area has a mean annual temperature of 21 °C and an
annual rainfall of 750 mm.

Experimental feeds and feeding

The four basal diets used in this experiment were prepared from Rhodes grass (Chloris gayana), elephant grass
(Pennisetum purpureum), guinea grass (Panicum maximum) and local grass (Cynodon dactylon). All animals were offered
the basal diet ad libitum at a refusal rate of 20%. Basal feed offered were adjust once every week ensuring a refusal of at
least 20% based on previous week’s intake of an individual animal. Each animal received a 300 g DM concentrate
mixture per day. The concentrate mixture was composed of Noug seed cake (NSC) and wheat bran (WB) at a ratio of
33:67, respectively. Throughout the experiment, all animals had free access to water and mineral licks.

Experimental animals and management

Twenty-four intact yearling Blackhead Ogaden sheep with an initial body weight of 15.83 +0.04 kg (mean+SD) were
purchased from Jigjiga market. The age of the animals was determined by dentition and by asking the owners. The
animals were then quarantined for 21 days in order to observe their health condition. During this time, the experimental
animals were dewormed and sprayed against internal and external parasite and vaccinated against common diseases of
the area, and animals were ear tagged for identification. Following the quarantine period, the animals were kept in
individual pens and fed the experimental ration for another fifteen days as an acclimatization period. The animals were
used in a feeding trial of 90 days and digestibility trial of 10 days and carcass evaluation at the end. Throughout the
experiment, the animals were closely monitored for any signs of illness or disorders.

Animal care
The experiment was carried out in accordance with the European Union directive 2010/63/EU (2010) on the care and
use of animals in experimental and scientific purposes.

Experimental design and treatments

The experiment was conducted in a randomized complete block design (RCBD) with four treatments and six
replications. The sheep were blocked based on their initial BW into six blocks and animals within each block were
randomly assigned to one of the four dietary treatments. The four dietary treatments were the four basal diets used in this
study, and all animals received 300 g concentrate mixture (67% WB and 33% NSC). Therefore, treatments were:

T1: Rhodes grass (Chloris gayana) hay ad libitum + 300 g DM concentrate mixture

T2: Elephant grass (Penniesetum purpureum) hay ad libitum + 300 g DM concentrate mixture

Ts: Guinea grass (Panicum maximum) hay ad libitum + 300 g DM concentrate mixture

Ta: Bermuda grass (Cynodon dactylon) hay ad libitum + 300 g DM concentrate mixture

Digestibility trial

The digestibility trial was conducted before the feeding trial. All sheep were kept in individual metabolism cage that
was equipped with feeder and waterer. Feces were collected into a fecal collection bag carried by the animal. The animals
were adapted to carrying fecal bags for three days, which was follow by total collection of feces for seven consecutive
days. During this period, daily feed intake per sheep was recorded. After thorough mixing, twenty percent of the feces
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voided daily was taken and kept in a deep freezer at -20°C. The samples were bulk per animal over the collection period.
Samples of feeds refusal were taken daily and the latter was pooled per treatment. The sampled feeds were bulked over
the seven days of digestibility trial. At the end of the collection period, sub-samples of feces and feeds were taken and
transported in ice box fill with chill ice bags, to laboratory for chemical analysis. The apparent digestibility co-efficient (DC)
of nutrients were estimated as:

Total amount of nutrients in feed-nutrients in feces

- - x 100
Total amount of nutrients in feed

Feeding trial

After the digestibility trial, animals were placed in the feeding trial that lasted 90 days. The amount of feed offered
and refusal was recorded daily for each experimental animal to determine daily feed intake of individual animals. Daily
feed intake was calculated as a difference between the feed offered and feed refused. Feed samples were taken on
batches of feed offered and that of the refusal were taken for each animal daily and pooled per treatment. Feed offer
were bulked over the experimental period and sub-samples were taken for chemical composition. Body weights of
animals were taken initially and every ten days after overnight fasting to account for differences in gut fill. The average
daily body weight gain (ADG) during the experimental period was determined by regressing body weight (BW) of each
animal measured at 10 days interval on days of feeding. Feed conversion efficiency (FCE) was calculated as a proportion
of ADG to daily feed DM intake.

Chemical analysis

The sample of feed offered, refusal and feces were analyzed for DM, ash and nitrogen, neutral detergent fiber (NDF),
acid detergent fiber (ADF), acid detergent lignin (ADL) and crude protein. The dry matter (DM), ash and nitrogen contents
of the samples were analyzed following the methods of AOAC (2005). The nitrogen contents were determined using the
micro-Kjeldahl method (AOAC, 2005) and the CP content was estimated by multiplying the N content by 6.25. The neutral
detergent fibre (NDF), acid detergent fibre (ADF), and acid detergent lignin (ADL) were analyzed according to Van Soest et
al. (1991).

Carcass parameters

At the end of the feeding trial, all the sheep was fasted overnight, weighed and slaughtered. On slaughtering, the
animals were Killed by severing the jugular vein and the carotid artery with knife. Blood, skin, head, tongue, hot carcass,
liver with gall bladder, heart, kidneys, lung with trachea, tail, testis, penis, spleen, fat (omental, intestinal and kidney),
feet, gut fill, total and empty gut were recorded. Empty body weight (EBW) was calculated as the difference between
slaughter weight (SW) and gut content. Total edible offal components (TEOC) was taken as the sum total weight of blood,
heart, liver with gall bladder, empty gut, kidney, tongue, tail, testis and fat (omental, intestinal and kidney). Total non-
edible offal components (TNEOC) were considered as the sum of the weight of head without tongue, lung with trachea,
skin, penis, spleen, feet and gut content. Dressing percentage was calculated as proportion of hot carcass weight (HCW)
to SW and EBW. Regarding the rib eye muscle area (REA), both the right and left halves were cut between the 11t and
12t ribs perpendicular to the backbone to measure the cross-section of the rib-eye muscle. The rib-eye muscles were
traced first on transparency paper then on graph paper and the area was measured by using mechanical polar
planimeter.

Partial budget analysis

Partial budget analysis was performed to evaluate the profitability of feeding the sheep with a basal diet of hay
prepared from the different grasses supplemented with same level of concentrate mix. It was done by considering the
main cost components of sheep price and feed prices. Before slaughtering, three experienced animal dealers estimated
the selling price of each experimental sheep. The difference in sale and purchase price was considered as total return (TR)
in the analysis. The calculation was done according to Upton (1979). Net return (NR) was calculated as NR= TR-TVC (total
variable cost). Marginal rate of return (MRR) was determined as MRR= NR/ TVC.

Data analysis

The data were subjected to analysis of variance (ANOVA) using the general linear model procedures of SAS (2011).
Tukey test was used for mean separation that was found to be statistically different at the 5% significant level. The
statistical model used for the analysis of data was: Yij= p + Ti + Bj + Eij

Where, Yij= the response variable, y= overall mean, Ti = treatment effect), Bj = block effect, Eij= random error

RESULTS AND DISCUSSION

Chemical analysis of the experimental feeds

The result of chemical analysis of feeds used in the study is shown in Table 1. The CP content of the hay used in this
study ranged 5.5% for Rhodes grass to 8.9% for elephant grass. While the CP content of Bermuda, elephant and guinea
grass was above 7.5%, the content of Rhodes grass was far below the 7% level required to support the maintenance
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requirements of sheep and for normal microbial function (Bonsi et al., 1996; Ftiwi and Tadess, 2018). Thus, the basal
feeds in this study might have a nutritional potential to satisfy the maintenance requirement of the animals except for
Rhodes grass.

Information on Feedipedia (2015) indicated range of CP content of 4.4-16.6% for Rhodes grass, 5.5-15.1% for
elephant grass, 2.4-5.8 for guinea grass and 6.3-14.7% for Bermuda grass. It appears that the protein content of guinea
grass reported in this study is higher than the ranges of values reported. On the other hand, the CP content of the hay
from the other three grasses was within the reported ranges. From the same source, the NDF and ADF contents ranges
70.5-80.8 and 37-50% for Rhodes grass hay, 55-75% and 33-50% for elephant grass hay, 69-79% and 37-54% for guinea
grass hay and 69-79% and 28-44% for Bermuda grass hay, respectively.

The NDF and ADF content of the hay used in this experiment were relatively high. The NDF and ADF contents of the
hay used in the present study were indicators of the fact that the hay was prepared from grasses harvested at a relatively
matured stage. Advance in maturity of plants was reported to be associated with low CP and high cell wall content
(McDonald et al., 2002).

The CP content of Noug seed cake (NSC) used in this study was relatively high, although many other reports noted
values greater than 33% (Dessie et al., 2019; Mamo et al., 2021). It is obvious that NSC is a good source of protein that
could be used to supplement low quality roughages. The amount and quality of NDF in a diet can either enhance or limit
intake. At lower NDF concentrations (7.5%-35.5%), DM intakes increased with increasing dietary NDF concentration, but
DM intakes decreased sharply as NDF concentration increased over the range of 22.2%-45.8% in high-producing animals
(Harper and McNeill, 2015). Thus, the level of NDF in NSC observed in the present study is expected to have little negative
impact on consumption and/or digestibility of the diets by the animals.

Wheat bran is one of the major agro-industrial by-products commonly used in the feeding of livestock. The CP content
of wheat bran noted in this study was within the range of 13.4-21% reported before (Feedipedia, 2015). The NDF, ADF and
ash values of wheat bran used in this study were also within the reported range of values. On average wheat bran
contains 18.9 MJ/kg DM gross energy (Feedipedia, 2015), and is a good supplemental energy for ruminants. Though, the
chemical analysis may not give full information regarding availability of the nutrients present in the feedstuffs to animals,
it is a good indicator about the quality of the feedstuffs. Thus, based on the chemical analysis results, NSC and WB are
good sources of nutrients. Feeds that contain 20% or more CP are classified as protein supplements that NSC qualifies
(Kellems and Church, 2002).

Table 1 -Chemical composition of the experimental feeds (%DM)

Feed offered

Rhodes grass 91.5 5.50 83.3 49.9 10.6 9.64
Elephant grass 914 8.88 74.5 41.5 8.5 14.9
Guinea grass 90.6 7.56 75.4 44.2 10.6 11.1
Bermuda grass 91.5 7.90 81.5 49.3 11.4 93
NSC 92.5 38.75 24.3 15.5 4.2 7.56
WB 90.3 14.25 45.1 12.5 4.1 4.75

ADF = acid detergent fiber; ADL = acid detergent lignin; CP = crude protein; DM = dry matter; NDF = neutral detergent fiber; NSC=Noug seed

cake; WB=wheat bran.

Dry matter and nutrients intake

The DM and nutrient intakes of Blackhead Ogaden sheep during the feeding trial are presented in Table 2. The
supplemental concentrate mixtures supplied to the animals were entirely consumed. Therefore, any difference among
treatments in the intake of DM and nutrients was a result of variations in the intake and nutrient content of grass hays
made from the four grass species.

Hay DM intake differed among treatments (P<0.05) and was in the order of Guinea grass hay > Bermuda grass hay
> Elephant grass hay > Rhodes grass hay. Consequently, total DM intake took a similar trend like that of hay DM intake,
values being in the order of T3 > T4 > T2 > T1 (P<0.05). However, numerical differences in hay and total DM intake was
not so high, indicating that differences observed in the chemical composition of the hay was either not big enough to
result to a wider impact on intake of DM or the supplement might have played in supplying sufficient additional nutrients
to balance nutrient deficiencies in the hay so as to bring comparable level of hay or total DM intake. McDonald et al.
(2002) indicated feed intake to be maximized if the feed provides all nutrients required by rumen microbes and by the
tissue of the animal. Therefore, the higher hay and total DM intake in treatments with concentrate mixture (combinations
of the two supplements WB and NSC) could as well be due to the better nutrient balance supplied to the animals when
supplemented to the grass hay.

Although, there were statistical variations among treatments in the total OM intake (P<0.05), numerical variations
on the total OM intake among treatments were not very high which was consistent with the total DM intake. Intake of
total crude protein was lowest for T1 (P<0.05) as compared to the other treatments that had a similar level of crude
protein intake (P>0.05). Differences in CP intake among treatments appears to be in line with the low level of CP of
Rhodes grass noted in this study as compared to the other grass species used in this experiment.
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Intake of NDF and ADF varied among treatments (P<0.05) and was in the order of T4 > T1 > T3 > T2. This appears
to be in line with differences in the NDF and ADF content of the hays from the four grass species. Generally, the NDF
contents of the hays from the four grass species used in this study was high, which might imply that intake of basal diet
may be limited since a major factor regulating forage intake is NDF content, as it is the major component limiting rumen
fill and directly correlated with rumination or chewing time (Gebreegziabher, 2016). However, the supplement might have
played a role in reducing the negative effect of high NDF content of the hays on intake. According to Roche et al. (2008),
dietary fiber content, its digestibility and rate of degradation in the rumen are the most important forage characteristics
that determine DMI. Therefore, the neutral detergent fiber (NDF), which is a measure cell wall content, determines the
rate of digestion and has negative correlation with the rate at which the feed is digested (McDonald et al., 2002).

Previous studies (Solomon et al., 2004a; Solomon et al., 2004b) indicated that supplementation of protein rich feed
to poor quality basal diets improved total DM intake, and intake of some nutrients. In general, Martinez et al. (2022) and
Ali (2019) indicated that supplementation to low quality feeds increase feed intake because the supplements stimulate
the rumen microbial function and thereby reduce digesta retention time. Riveros (1992) indicated that intake of elephant
grass (Pennisetum purupureum) by sheep was improved by supplemental concentrated mix. Dietary deficiency of
nutrients, especially CP for rumen microbes was noted to reduce voluntary feed intake (Cheeke, 1999).

Table 2 - Daily dry matter and nutrient intakes of Blackhead Ogaden sheep fed Rhodes grass, elephant grass, guinea

grass and bermuda grass hay supplemented with concentrate mix

Treatments

Feed offered T1 T2 T3 T4 SEM
Hay DM 3964 400¢ 419a 416° 0.003
Supplement DM 300 300 300 300 -
Total DM 6964 700¢ 7192 7160 0.004
Total OM 641c 6244 656P 6602 0.003
Total CP 89p 1032 992 1002 0.019
Total NDF 4445 4134 431c 453a 0.021
Total ADF 2380 2074 226¢ 245a 0.011

=dMeans with different superscripts in a row are significantly different (P<0.05); SEM=standard error of the mean; ADF = acid detergent fiber;
CP = crude protein; DM = dry matter; NDF = neutral detergent fiber; OM = organic matter; CM = concentrate mixture (67% wheat bran + 33%

noug seed cake); T1 = Rhodes grass hay ad libitum + 300 g DM of CM; T2 = Elephant grass hay ad libitum + 300 g DM of CM; T3 = Guinea
grass hay ad libitum + 300 g DM of CM; T4 = Bermuda grass hay ad libitum + 300 g DM of CM

Dry matter and nutrient digestibility

The apparent digestibility coefficients of DM and nutrients for Blackhead Ogaden sheep fed hay of the four grass
species supplemented with a similar 300 g DM amount of concentrate mixture is shown in Table 3. In the current study,
treatments had a significant effect on DM, OM, CP, NDF and ADF digestibility. This is presumably due to the slight
variations in the chemical composition of the different species of grasses used in the current study. This is also an
indicative that improvements in digestibility of roughage diets due to supplementation with concentrate feed (McDonald
et al.,, 2002) might not bring the different roughages to a similar level of digestibility, which is a sign of the presence of
additive effect in digestibility when roughages are mixed with protein rich concentrates.

The utilization of nutrients contained in feeds is determined by the amount of dry matter intake and digestibility. A
primary consideration concerning DM intake is digestibility. Digestibility of feedstuff is affected by many factors such as
stage of maturity of the crop, botanical composition, dry matter intake, processing and chemical treatment and dietary
supplements. Ammerman et al. (1972) found that nitrogen intake was a major factor influencing the intake and
digestibility of low quality roughages by ruminants. Similarly, Banamana et al. (1990) indicated that increasing CP in
concentrates increased the digestibility of DM. Therefore, the lower DM digestibility of T1 as compared to the other
treatments might be associated to the lower CP level in Rhodes grass as compared to the other three grass species used
in this study. This slightly lower level of digestibility for T1 was reflected in lower intake of T1 diet as compared to the
other treatments.

The apparent digestibility of CP in this study was in the order of T2 > T3 = T4 > T1 (P<0.05). This appears to be
consistent with variations in the CP content of the four grass species used in this study and was also in line with
differences in CP intake among treatments. This might suggest the possible additive effect of the grass hays when
supplemented with concentrate mixture in the digestibility of the total diet. Generally, the digestibility of the different
nutrients in this study followed a similar trend to that of CP intake. McDonald et al. (2002) remarked that concentrate
feed rich in protein promotes high microbial population which in turn facilitates rumen fermentation. According to Robert
(2011), the amount of protein in a feed affects its digestibility. As the level of protein in the feed increased, the apparent
protein digestibility would be improved. If protein rich feeds are added to balance low protein roughages, the activities of
microorganisms are increased and nutrient digestibility consequently be improved (Ranjihan, 2001). Supplementation of
low quality roughage with moderate levels of protein source has been known to stimulate higher digestibility and
therefore, improved feed intake (Fonseca et al., 2001; Sawal et al., 2004). Furthermore, ARC (1980) indicated that
digestibility is much reduced when a ration has too little protein.
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Table 3 - Apparent digestibility coefficients of dry matter and nutrients of Blackhead Ogaden sheep fed Rhodes grass,

elephant grass, guinea grass and bermuda grass hay supplemented with concentrate mix

Treatments

Digestibility coefficient (%) ek U= = U= e

DM 66.8° 68.12 67.92 67.92 0.078
oM 66.2¢ 66.82 66.40 66.40 0.001
CP 67.9¢ 70.42 68.4b 68.3 0.007
NDF 65.4¢ 68.52 66.8° 66.4bc 0.008
ADF 64.54 67.52 66.4b 65.2¢ 0.039
DM 66.8 68.12 67.92 67.92 0.078

adMeans with different superscripts in a row are significantly different (P<0.05); SEM=standard error of the mean; ADF = acid detergent fiber;
CP = crude protein; DM = dry matter; NDF = neutral detergent fiber; OM = organic matter; CM = concentrate mixture (67% wheat bran + 33%

noug seed cake); T1 = Rhodes grass hay ad libitum + 300 g DM of CM; T2 = Elephant grass hay ad libitum + 300 g DM of CM; T3 = Guinea
grass hay ad libitum + 300 g DM of CM; T4 = Bermuda grass hay ad libitum + 300 g DM of CM

Body weight gain and feed conversion efficiency

The initial and final body weights, daily live weight change and feed conversion efficiency of the experimental sheep
are presented in Table 4. Sheep fed Rhodes grass hay basal diet had the lowest and those fed elephant grass hay basal
diet had the highest final body weights. Body weight change, daily body weight gain (ADG) and feed conversion efficiency
followed a similar trend like that of final body weight and were in the order of T2 > T3 = T4 > T1 (P<0.05). Feeding the
four species of grass hay supplemented with a concentrate mixture made of noug seed cake and wheat bran resulted to
positive ADG in this study. The positive gain in body weight of sheep in this study obviously indicates that the animals
were getting nutrients above their maintenance requirements partly due to the supplemental regime employed in this
study. Previous studies (Solomon et al., 2004a; Solomon et al., 2004b) indicated that supplementation of protein rich
feed to poor quality basal diets improved body weight gains.

Growth and hence body weight gain is a consequence of the level of feed intake and the concentrations of nutrients
in the diet. AS such animal performance is the product of nutrient concentration, intake, digestibility, and metabolic
efficiency of absorbed nutrients. Since all animals were supplemented similar amount of the same concentrate mixture,
any variation in the growth rate of sheep among treatments will unquestionably be a consequence of the variation in the
chemical composition of the basal diets and their subsequent effect on intake, digestibility and nutrient supply. Therefore,
differences in ADG among treatments in the current study was in line with differences in CP content, DM and CP intake
and digestibility of DM and nutrients observed in the current study. Therefore, differences in chemical composition
especially of the protein content of hays can lead to a significant effect on the overall productivity of growing animals.
This variation could be associated with between species variation of may be a result of management and utilization such
as growing condition and harvesting time and conservation practice.

Table 4 - Body weight, average daily gain and feed conversion efficiency of Blackhead Ogaden sheep fed Rhodes

grass, elephant grass, guinea grass and bermuda grass hay supplemented with concentrate mix

Treatments
T T1 T2 T3 T4 SEM
Initial BW (Kg) 16.13 16.08 15.7 15.4 1.67
Final BW(Kg) 18.55¢ 21.732 20.23p 19.43bc 1.79
BW change (Kg) 2.42¢ 5.652 4.53p 4.03r 1.39
ADG (g/day) 26.85¢ 62.782 50.37° 44.82> 13.11
FCE (g ADG/g DMI) 0.035¢ 0.081a 0.063p 0.056F 0.273

a¢Means with different superscripts in a row are significantly different (P<0.05); SEM = standard error of the mean; ADG = average daily body
weight gain; BW = body weight; FCE = feed conversion efficiency; DMI = dry matter intake; CM = concentrate mixture (67% wheat bran + 33%

noug seed cake); T1 = Rhodes grass hay ad libitum + 300 g DM of CM; T2 = Elephant grass hay ad libitum + 300 g DM of CM; T3 = Guinea
grass hay ad libitum + 300 g DM of CM; T4 = Bermuda grass hay ad libitum + 300 g DM of CM

Carcass

Carcass components

Empty BW was lowest (P<0.05) for T1 highest for T2 and intermediate for the other two treatments (Table 5). The
trend in variation among treatments in empty body weight is consistent with that of differences in final body weight
among treatments. Although hot carcass weight was slightly lower for T1 as compared to the other treatments,
differences were not significant (P>0.05). Similarly, dressing percentage and rib eye area did not differ (P>0.05) among
treatments. This happens despite significant differences among treatments in DM and CP intake and digestibility as well
as variations among treatments in body weight gain and empty body weight. The reason for such observation is not
apparent although numerical differences in aspects like intake and digestibility on DM and nutrients were not high.
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Table 5 - Carcass parameters, dressing percentage and rib eye muscle area of Blackhead Ogaden sheep fed Rhodes

grass, elephant grass, guinea grass and bermuda grass hay supplemented with concentrate mix

Ul 1 2 T3 T4 SEM
Parameters
Slaughter BW (kg) 18.54¢ 21.732 20.230 19.43bc 1.79
Empty BW (kg) 13.04¢ 15.72a 14.69° 14.70v 1.28
HCW (kg) 5.66 6.38 6.07 6.29 0.36
Dressing percentage (% Slaughter BW) 30.07 29.43 29.97 32.38 4.24
Rib eye area (cm2) 9.51 12.64 11.15 9.67 6.00

adMeans with different superscripts in a row are significantly different (P<0.05); SEM=standard error of the mean; ADF = acid detergent fiber; CP = crude protein;
DM = dry matter; NDF = neutral detergent fiber; OM = organic matter; CM = concentrate mixture (67% wheat bran + 33% noug seed cake); T1 = Rhodes grass hay

ad libitum + 300 g DM of CM; T2 = elephant grass hay ad libitum + 300 g DM of CM; T3 = guinea grass hay ad libitum + 300 g DM of CM; T4 = Bermuda grass
hay ad libitum + 300 g DM of CM

Non carcass parameters (edible and non-edible offals)

Non carcass parameters of Blackhead Ogaden sheep fed Rhodes grass, elephant grass, guinea grass and bermuda
grass hay supplemented with concentrate mix is shown in Table 6. All edible offal components except empty gut were
significantly affected by treatment (P<0.05). For all of the edible offals where significant effect of treatment was noted,
the highest value was observed for sheep fed the basal diet of Elephant grass and the lowest value was for animal fed the
basal diet of Rhodes grass, while values for the other two treatments were intermediate. Consequently, the weight of total
edible offal components was in the order of T2 > T3 > T4 > T1 (P< 0.05).

It appears that differences in body weight change or ADG observed among treatments in this study to be more
reflected in the weight of edible offals than in the weight of hot carcass component. This might be attributed to the young
age of the animals used in this study, which might have drained nutrients towards the development of organs associated
with nutrient metabolism and utilization. Moreover, the growth of certain edible carcass components might be positively
associated with nutrient intake. Kidney, kidney fat, and abdominal fat were also significantly higher (P<0.001) for sheep
in T2 compared to other supplemented groups associated with the relatively more DM and nutrient intakes. The higher
amount of visceral fat in accordance to DM and nutrient intake in this study substantiates that animals supplied with
better nutrient can store more fat in the viscera. This is in agreement with the view of Khan et al. (2009) who stated that
animals fed on poor feed that could not fulfill their maintenance requirement loses weight since body reserves are used
up and vice versa. Hagos and Melaku (2009) also reported relatively lower TEO which were 2.8 kg for the un-
supplemented and 4.32 kg for 350g DM/day supplemented group. Generally, supplementation affects positively the
weights of visceral and other edible offal component.

All of the non-edible offals and the total non-edible offal components were significantly different among treatments
(Table 6). Gut contents was greater for Rhodes grass fed sheep as compared to the other treatments, a reflection of the
lower digestibility and greater ruminal retention time of Rhodes grass possibly associated with the lower CP content of
Rhodes grass as compared to other grass species used in the current study. This resulted to consequent higher total non-
edible offal components for T1 as compared to T2 and numerical differences as compared to T3 and T4. Other non-edible
offal components were relatively greater for T2 as compared to other treatments.

Table 6 - Non carcass components of Blackhead Ogaden sheep fed Rhodes grass, elephant grass, guinea grass and

bermuda grass hay supplemented with concentrate mix

Treatments
Parameters (& T 2 3 T4 SEM
Empty gut 1686.22 1545.06 1654.0  1662.0% 27.84
Heart 51.0¢ 79.00 74.0% 68.0b 263
Liver with bile 195.0¢ 298.2a 278.0b 272.2b 9.05
Kidney 61.0¢ 90.42 78.0 76.0 2.72
Kidney fat 30.0¢ 112,02 98.0 94.06 7.37
Edible offal  Tail 680.40¢ 1026.0 8942 773.9¢ 245
Abdominal fat 58.0¢ 142.0 121,20 92.0¢ 7.30
Tongue 72.06 86.02 76.6 74.06 1.92
Testis 112.0¢ 220.4a 220.0s 172.00 4.63
Blood 852.0 1118.0s 1100.0b 946.0¢ 418
TEO 3758.20¢ 4704.0¢ 4579.00 4318.2¢ 21.13
Skin with feet 1742.00 1878.02 1790.00 1774.00 17.84
LTE 230.0¢ 258,02 252,0ab 246.00 2.90
. Spleen 28.3¢ 44.2 38.3 36.20 1.51
:;:fd'b'e Head without tongue 826.0 910.0 904.0° 820.0° 11.64
Penis 112.0¢ 156.02 149,22 144.00 4.02
Gut fill 5120.12 3986.0° 4810.0° 4986.0% 82.93
TNEO 8082.12 7212.06 7938.0¢ 7987.0¢ 104.83

ad Means with different superscripts in a row are significantly different (P<0.05); SEM=standard error of the mean; TEOC = total edible offal;
TNEO = total nonedible offal; LTE = lung, trachea and esophagus; CM = concentrate mixture (67% wheat bran + 33% noug seed cake); T1 =

Rhodes grass hay ad libtum + 300 g DM of CM; T2 = Elephant grass hay ad libtum + 300 g DM of CM; T3 = Guinea grass hay ad libtum + 300
g DM of CM; T4 = Bermuda grass hay ad libtum + 300 g DM of CM
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Partial budget analysis

The partial budget analysis of the experiment is given in Table 7. Despite a similar purchasing price of sheep
used for the different treatments, estimated selling price of lambs vary among treatments. This appears to be
consistent with variations in the live weight gain, feed conversion efficiency and consequently difference in body
weight and body conditions of sheep. Total return, net income and marginal rate of return were all in the order T2 >
T4 > T3 > T1. Therefore, based on biological performance as well as economic return (net income and marginal
rate of return), sheep fed elephant grass perform better. However, variations in performance and economic return
among the four grass species needs to be translated cautiously as part of the difference might have attributed to
differences in the stage of maturity of the grasses up on harvest for feeding the lambs. Thus, further work is needed
to substantiate the results by synchronizing harvesting of the grasses at a similar stage of maturity.

Table 7 - Partial budget analysis of Blackhead Ogaden sheep fed Rhodes grass, elephant grass, guinea grass and

bermuda grass hay supplemented with concentrate mix

Treatments T T2 13 T4
Parameters
Purchasing price of sheep (ETB/head) 550 550 550 550
Estimated selling price of sheep (ETB/head) 1610 1830 1700 1715
Total cost of hay (kg/head) 142.45 144.0 151.1 130.8
Total cost of supplement 121.5 121.5 121.5 121.5
Total feed cost VC (ETB) 263.95 265.5 272.6 252.3
Total variable cost 813.95 815.5 822.6 802.3
Total return (TR) 1060 1280 1150 1165
Net income (NI) 246.05 464.50 327.40 362.7
MRR 0.30 0.57 0.40 0.45

ETB = Ethiopian birr; ANl = change in net income; ATR = change in total return; ATVC = change in total variable cost; MRR = marginal rate of return; CM =
concentrate mixture (67% wheat bran + 33% noug seed cake); T1 = Rhodes grass hay ad libtum + 300 g DM CM; T2 = elephant grass hay ad libtum + 300 g DM

of CM; T3 = guinea grass hay ad libtum + 300 g DM of CM; T4 = Bermuda grass hay ad libtum + 300 g DM of CM

CONCLUSION

The crude protein (CP) and neutral detergent fiber (NDF) contents of Rhodes grass, elephant grass, Guinea grass and
Bermuda grass were 5.5 and 83.3, 8.8 and 74.5, 7.6 and 75.4, and 7.9 and 81.5, respectively indicating that Rhodes
grass CP content was below the limit to support maintenance requirement of ruminants. Noug seed cake had 39% CP
and 24% NDF, and that of wheat bran contained 14.0% CP and 45.1% NDF. Hay DM intake differed among treatments
(P<0.05) and was in the order of Guinea grass hay (419 g/day) > Bermuda grass hay (416 g/day) > Elephant grass hay
(400 g/day) > Rhodes grass hay (396 g/day). Total DM intake was 696, 700, 719 and 716 g/day (SEM = 0.004) for T1,
T2, T3 and T4, respectively and followed a similar trend like that of hay DM intake being lowest for T1 and highest for T3.
The CP intake was also lowest for T1 (89 g/day), and similar among the other 3 treatments (99-103 g/day). Intake of
NDF and ADF vary among treatments (P<0.05) and was in the order of T4 > T1 > T3 > T2 (NDF intake: 444, 413, 431 and
453 (SEM = 0.02); ADF intake: 238, 207, 226 and 245 (SEM = 0.01 for T4, T2, T3, T4, respectively).

The apparent digestibility of organic matter (OM) and CP in this study was in the order of T2 > T3 = T4 > T1 (P< 0.05)
(OM digestibility: 66.2, 66.8, 66.4 and 66.4 (SEM = 0.001); CP digestibility: 67.9, 70.4, 68.4 and 68.3 (SEM = 0.007 for
T4, T2, T3, T4, respectively). Average daily gain was in the order of T2 > T3 = T4 > T1 (27, 63, 50 and 45 g/ day (SEM =
13.1) for T4, T2, T3 and T4, respectively); whereas hot carcass weight did not significantly differ among treatments (5.7,
6.4, 6.1 and 6.3 kg (SEM = 0.36) for T4, T2, T3 and T4, respectively).

Partial budget analysis result showed that net return in the current study to be 1060, 1280, 1150 and 1165 ETB,
indicating that net return was in the order of T2 > T4 > T3 > T41. The difference in the net return among treatments was
due to the difference in feed cost and selling price of the animals. Therefore, based on biological performance as well as
economic return, sheep fed elephant grass perform better. However, variations in performance and economic return
among the four grass species needs to be translated cautiously as part of the difference might have attributed to
differences in the stage of maturity of the grasses up on harvest for feeding the lambs. In addition, further work is needed
to substantiate the results by synchronizing harvesting of the grasses used in the current study at a similar stage of
maturity.
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ABSTRACT: This experiment was conducted to determine the advantages of introducing modern innovative g § § 0 ﬁ
approaches to dairy herd management based on the study and implementation of the methodological of ﬁ 'g- NS f_’n’
International Committee for Animal Recording (ICAR). This research shows the main directions for E 229 B
introduction to new breeding and the technological model of interaction with breeding farms for breeding < § 5 N
dairy cattle. This interaction occurs through the services provision for breeding farms, the control-assistant N & ; % 2
and expert-boniter services, as well as laboratories for selection control of milk quality and genetic control. N © © S
The tasks of the control-assistant service included participation in the control milking of cows and individual N 8 S S X
milk samples picking from each cow and its delivery to the laboratory in a chilled form. Using as the example N N @« =
dairy herd of the black and white breed by studying the dynamics of somatic cells has been showing the 5 <|2
effectiveness of different methods for assessing the quality of milk. Implementation of the milk quality m

regular monitoring during 1-2 months allows bringing the main parameters of milk quality in line with the
requirements of national and international ICAR standards. The cow's conformation assessment by animals'
linear assessment allows revealing the bull’s prepotent abilities and choosing the right strategy for improving
the cow's conformation in the herd. Genetic well-being assessment of cows makes it possible to exclude
unwanted individuals with genetic abnormalities and use only healthy animals in breeding. The research
purpose was studying the possibility of applying the ICAR method in Russian breeding livestock to improve
the dairy herd management system. The research results showed that Implementation of individual
veterinary measures for two months allowed reducing the average somatic cell count by 1.85 times and
reaching the level recommended by ICAR. The spread of individual indicators also significantly decreased.
Therefore, Using the individual monitoring of dairy raw materials quality assessment makes it possible to
study the influence of para-typical (climatic) factors on the content of dairy components, as well as to
stabilize the quality parameters in terms of the level of somatic cells not higher than 200 thousand
cells/cm3.

Keywords: Breeding, Dairy cattle breeding, Dairy herd, Genetic resources, Milk quality.

INTRODUCTION

Dairy cattle breeding is one of the basic branches of agriculture that ensures the national security of the Russian
Federation. In most regions of Russia, the main shares of livestock products and milk have been producing in personal
subsidiary farms and farms (Galiev and Ahrens, 2018). That leads to the small-scale nature of production processes and
the insufficient ability to effectively control the quality and safety of products. Currently, in the domestic Russian market,
have been producing about 22.5 million tons of marketable milk, which is approximately 236-237kg/person per year or
at the level of 70% of the biological requirement (Melnikova and Bogdanova, 2021). The shortage of raw milk in Russia is
almost 100kg per person per year, or 30.7% of the need (Melnikova and Bogdanova, 2021).

The regulatory requirements for food security regulate the production of raw milk in the domestic market for at least
90% of the needs for the population. It could reach by introducing current dairy herd management systems developed
based on classical studies (Crowe et al., 2018; Guinn et al., 2019; Cockburn, 2020). To increase the efficiency of the
development of national dairy farming, it is necessary to develop and implement an integrated approach to managing a
dairy herd, considering the proven accounting practices of the International Committee for Animal Registration (ICAR) for
accounting for the milk production of lactating cows (Ferris et al., 2020).

Reproduction of the herd of dairy cattle is one of the major factors that ensure the preservation of the dairy herd and
stable milk production. There had been revealing the negative impact of various genetic anomalies in cattle. That often
inherited in a recessive form and under certain conditions, upon transition to a dominant form. It causes significant
damage to both the health of animals and the reproduction of the herd (Cartwright et al., 2017; Nowicki et al., 2017,
Schuster et al., 2020).
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An analysis of the official accounting data in the breeding dairy farming of Russia shows that if in 2014 the average
age of all breeding dairy cows calving was 2.79, and the withdrawal of animals from the herd for various reasons were at
3.48. Then, there had been observing the so-called "rejuvenation” of cows when they had retired from the herd. Since the
average age of all breeding dairy cows calving was 2.52 and disposal occurs already at 3.11 calving. Thus, it could have
assumed that during 2014-2019, at the national level, it was not possible to find an organizational and technological
solution to ensure a longer period of economic use of highly productive dairy cattle (Yurchenko et al., 2018; Nikitin et al.,
2021; Khabipov et al., 2021).

Considering the fact that the level of reproduction of a herd of dairy cattle, according to official data, is on average at
the level of 80%, and the duration of the service period is 130-140 days (for Holstein, Ayrshire, black and white breeds), it
will no longer be possible to provide annual replenishment of uterine resources, respectively, and the full reproduction of
the dairy herd. Thus, there remains a need to replenish uterine resources in dairy cattle breeding only by importing
livestock from abroad. The dairy business is also talking about this with concern.

The current situation in pedigree dairy cattle breeding raises concerns about actually achieving the criteria indicators
outlined in the current Food Security Doctrine and causes the search for new breeding and technological solutions
(Ananiev et al., 2019; Muzalev and Reshetov, 2020).

In addition, the significant dependence of the national dairy cattle breeding on the import of genetic resources (bull
semen, embryos, and heifers) does not allow to fully monitoring the genetic usefulness and well-being of incoming
materials. Over the past 40-50 years, in Russian market are being intensive delivered the genetic material from the
leading countries of the world. That, of course, led to the creation of a highly productive array of Holsteinized cattle from
the leading lines of sires (Hladiy et al., 2018).

Using a limited contingent of Holstein and Ayrshire bulls in the breeding system led to the appearance of newborn
calves with various physiological and anatomical abnormalities that have a genetic basis because of gene mutation.
There had known about two hundred types of such anomalies, including about 80 in Holstein black and white cattle, and
about 20 in Ayrshire cattle. This is physiological abnormalities of organs and tissues because of genetic disorders. These
deviations had been inheriting in a recessive form. Therefore, they are an undesirable hidden genetic load in the herd. In
the event of an increase in inbreeding under conditions of large-scale selection, a significant change in the dynamics of
their inheritance frequencies can occur (Zinovieva, 2016; Gladiy et al., 2018).

Therefore, in order to reduce import dependence on the supply of genetic materials, as well as to develop national
breeding resources in dairy cattle breeding, it is necessary to develop a modern innovative dairy herd management
system that allows you to consider and meet the needs of dairy cattle, ensure high efficiency of production processes, and
purposefully form animals with the desired physique type.

The purpose of the research is to study the possibility of a comprehensive application of the methodological
approaches recommended by ICAR to assess phenotypic (yield, milk quality) and genotypic (presence of genetic
abnormalities) traits to improve the efficiency of managing a herd of highly productive dairy cattle.

MATERIALS AND METHODS

For this research, methodological recommendations for the application of the ICAR method Was developed in dairy cattle
breeding. For this reason had created the control-assistant and expert-boniter services and laboratories for milk selection
control quality and genetic control. Cattle phenotypic and genotypic characteristics studying were in herds of breeding
black and white (1275 cows) and Holstein (1100 cows) cattle of the South of Russia. Average milk productivity of these
herds was 8.2 and 9.8 thousand kg of milk per cow per year. The raw milk quality studying had conducted in the milk
quality selection control laboratory. Fluorescence microscopy carried somatic cells determination in milk by a somatic cell
analyzer DCC, Delavale. The essence of the method lies in the somatic cells cytoplasmic membrane destruction under the
lysogenic buffer, while the cell nuclei become available for the action of a fluorescent dye, which is propidium iodide. This
reagent binds to the double-stranded DNA of somatic cells, and forms a fluorescent substance that absorbs green light
and emits red, with the help of the latter, the somatic cell is identified. The system gives an image of the cells, and the
computer built into the analyzer, using software, counts the number of white dots, which corresponds to the number of
somatic cells. Cell analyzer DCC, working on the principle of fluorescence microscopy, equipped with a cassette receiver
(removable mandrel), backlit LCD display, complete with cassettes (Nudeo cassette), sample flasks.

There was monitored a wide range of genetic abnormalities associated with impaired fertility: Leukocyte adhesion
deficiency (BLAD); uridine monophosphate synthase deficiency (DUMPS); Complex spinal malformation (CVM);
citrullinemia (BC); Brachispin (BY); Blood factor Xl (eleven) deficiency (FXID); Axonopathy (DS); Subfertility of bulls (BMS);
Chediak-Higashi Syndrome (CHS); Congenital muscular dystonia type 1 (CMD1); Congenital muscular dystonia type 2
(CMD2); Crooked Tail Syndrome (CTS); Bulldog dwarfism (BD); Epidermolysis bullosa (EB); Factor VIl deficiency (eight);
hemophilia A (FVIIID); Idiopathic congenital megaesophagus (ICM), a-mannosidosis (a-MAN), B-mannosidosis (b-MAN);
Mucopolysaccharidosis (MPSIIIB); maple syrup disease (valinoleucinuria) (MSU); Syndactyly, mule hoof (Mulefoot);
Neuronal ceroid lipofuscinosis (NCL), Osteopetrosis (OS); bloated calf syndrome (PCS); Congenital pseudomyotonia (PMT);
Congenital erythropoietic protoporphyria (PT); Arachnomyelia and arthrogryposis syndrome (SAA); spinal demyelination
(SDM); spinal muscular atrophy (SMA); thrombopathy (TP); Weaver (Weaver Syndrome) (Weaver). Haplotypes associated
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with impaired fertility - according to 12 indicators: Holstein haplotype 1 (HH1); Holstein haplotype 2 (HH2); Holstein
haplotype 3 (HH3); Holstein haplotype 4 (HH4); Holstein haplotype 5 (HH5); Holstein haplotype associated with cholesterol
deficiency (HCD).

Work on monitoring genetic diseases and DNA diagnostics of the productive qualities of dairy cattle were carried out
in a certified genetic laboratory. The monogenic diseases carriage studied by selecting biological material as a skin pluck,
from which genomic DNA was isolated using Qiagen columns, the Netherlands called QlAamp DNA Blood Mini Kit based
on silicon membrane technology under the manufacturer's protocol.

The carrier status of monogenic recessive diseases determination and lethal haplotypes of cattle was using the
polymerase chain reaction method with further electrophoretic analysis of the amplicon, the method of polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP), the method of sequencing target regions of the bovine
genome or the method of whole genome genotyping using technology from lllumina, USA.

Polymerase chain reaction method with further electrophoretic analysis of the amplicon: within the framework of this
technique, the polymerase chain reaction was in a volume of 10 ml containing 10 ng of DNA, 2 ml of the 5X
MasCFETagMIX PCR buffer (Dialat, Moscow) and 0.4 ml of primer (concentration 2.5 pmol/100 ml). The polymerase
chain reaction was on a C1000™ ThermalCycler instrument (BioRad, USA). PCR products separated on a 2% agarose gel,
visualized in an ultraviolet transilluminator, and detected using a gel documentation system. Carrier status was
determined based on the identification of bands in the agarose gel, which corresponded to DNA fragments of a certain
length.

Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The polymerase chain reaction
carried out in a volume of 10 ml containing 10 ng of DNA, 2 ml of PCR buffer 5X MasCFETaqMIX (Dialat, Moscow) and 0.4
ml of primer (concentration 2.5 pmol/100 ml). The polymerase chain reaction was carried out on a C1000™
ThermalCycler instrument (BioRad, USA). Next, 10 ml of the restriction mixture containing 0.7 ml of restriction
endonuclease, 1.3 ml of 10x buffer for the selected restriction endonuclease, and 8 ml of water was added to 10 ml of
the got amplicon. The resulting mixture incubated according to the restriction endonuclease manufacturer's protocol on a
C1000™ ThermalCycler instrument (BioRad, USA). The incubated restriction mixture separated on a 4% agarose gel,
visualized in an ultraviolet transilluminator and detected using a gel documentation system. The definition of carrier
status established based on the identification of bands in the agarose gel, which corresponds to DNA fragments of a
certain length. Method for sequencing target sections of the bovine genome: within the framework of this technique, a
polymerase chain reaction performed in a volume of 10 ml containing 10 ng of DNA, 2 ml of PCR buffer 5X
MasCFETagMIX (Dialat, Moscow) and 0.4 ml of primer (concentration 2.5 pmol/100 ml). The resulting amplicons were
purified by alcohol (ethanol) reprecipitation. Next, the purified amplicon was sequenced on an ABI PRISM 3730 capillary
sequencer according to the protocol of the manufacturer. Carrier status was determined based on the determination of
the genotype of the casual mutation associated with the disease.

Whole genome genotyping method using technology from lllumina, USA: Whole genome genotyping was performed
using standardized protocols from lllumina, USA. Mathematical processing of primary data was by Statsoft and MS Excel.
Changes were significant at p<0.05.

RESULTS AND DISCUSSION

The organization of individual sampling of raw milk with the involvement of the control-assistant service made it possible
to study the seasonal dynamics of the main dairy components, including milk fat, which is the most important element for
providing good nutrition to consumers.

Statistical processing of the actual material made it possible to establish a high dependence between the
parameters of the temperature factor throughout the seasons of the year and the average concentrations of the main
dairy components in cows of the studied breeds - milk fat and protein (Figures 1 and 2). The results showed that in the
breeding stock of the Holstein breed, the correlation coefficient between the temperature dynamics and the fat content in
milk was r = - 0.74. Similarly, for protein, this indicator was, respectively, r = - 0.77. In the breeding stock of the black and
white breed, the showed correlative relationship was also high. The correlation index between changes in ambient
temperature and the concentration of fat in raw milk was r = - 0.71, and for protein, respectively, r = - 0.80. Carrying out
individual sampling of milk from breeding cows, prompt delivery of milk samples in compliance with the temperature
during transportation not higher than +4...+ 6°C and the study of the content of dairy components using modern methods
made it possible to record high negative relationship between changes in the temperature factor and the concentration of
milk components - fat and protein. The established high influence of the temperature factor on the indicators of the
content of dairy components causes the development of modern feeding and housing systems for highly productive dairy
cattle to ensure more stable microclimate parameters throughout the seasons of the year, which is also emphasized by
the increasing global climate trends associated with warming. The study of the dynamics of changes in the content of fat
and protein in milk over the seasons of the year shows that the studied raw milk meets the established breed
requirements and corresponds to the category of high-quality milk, because changes in milk fat were between
3.92...4.18%, and milk protein, respectively, 3.24-3.40%, which correspond to national requirements, and also exceed
them by 10-15%.
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Figure 2- Milk protein average indicators dynamics in cows' milk of Holstein (I) and black and white (ll) breeds by

seasons

The technological factor, the system of keeping animals, of course, affects the parameters of the microclimate and
the ability of animals to realize the genetically determined potential of milk production. In the farms under study, the
maintenance of black and white breed cows is tethered, and the milking of cows is linear. While the cows of the Holstein
black and white breed are kept loose and their milking is carried out in the milking parlour. The dynamics of milk
components in cows of the studied genotypes are similar, despite the different systems of feeding and keeping animals in
the studied enterprises. There had known that industrial milk production by tethered housing system, animals are in
stress. Cows deprived the possibility for free movement and may have reduced immunity (Sawa and Bogucki, 2011). In
the conditions of a loose system of keeping animals, labor costs for servicing livestock are significantly reduced. However,
because of problems with monitoring the individual condition of the breeding stock, the herd reproduction parameters
often deteriorate and the only way out is the widespread use of hormonal stimulation (Lambertz et al., 2014; Kobek-
Kjeldager et al., 2020).

Undoubtedly, the achievement of high milk yields in modern dairy cattle genotypes is an important result of selection
and breeding work in the breeding herds of dairy cattle (Oltenacu and Broom, 2010). There is obvious fact that massive
using the hormonal drugs to ensure the desired herd reproduction indicators cannot be recognized as justified. For
example, the duration of the inter-calving period is not over 400 days, as practiced in many countries around the world. It
is necessary to conduct an in-depth study of the influence of the genetic characteristics of modern dairy cattle in
combination with the development of an adequate system of feeding and keeping animals to minimize the use of
veterinary drugs in implementing the natural need of cows - the birth of a calf (Ladyka et al., 2021). This work has begun
in the countries of the Eurasian Economic Union. Carrying out individual sampling of milk also allows you to quickly
respond to a decrease in the quality of milk because of an increase in somatic cells. Because of the influence of seasonal
factors, we studied the possibility of improving the quality of raw milk by interacting with a separate "problem" farm by
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monthly monitoring of milk quality for the content of somatic cells. The results of the study of the content of somatic cells
in the milk of the controlled group of cows (Table 1) show that in the first period of lactation, there was a slight excess of
this parameter compared to the level of somatic cells recommended by ICAR (up to 200 thousand cells/cm3), although
these parameters correspond to the current regulatory document in the EAEU countries. The individual scatter of data on
the content of somatic cells both visually (Figure 3) and mathematical characteristics was quite large. The standard
deviation is 6.67% of the mean value. Using individual veterinary measures, there had observed significant improvement
in the situation regarding milk quality within two months (Table 1 and Figure 4). Thus, the average value of somatic cells
decreased by 1.85 times and reached the level recommended by ICAR. The spread of individual indicators also
significantly decreased. The standard deviation was 3.63% of the average value for the herd.
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Figure 3 - Distribution of individual indicators of the content of somatic cells in raw milk of a herd of black and white
cows before monitoring

Table 1 - Dynamics of the content of somatic cells in raw milk in black and white cows during monitoring

Number of The content of Individual minimum Individual maximum
Control group of cows cows in the somatic cells, level of somatic cells, level of somatic cells,
group thousand cells/cm3 thousand cells/cm3 thousand cells/cm3

Up to 100 days of lactation 213 346 + 231 26 1500

During the period of 100-200 days of
lactation 213 187 + 6.8* 25 414

P<0.05
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Figure 4 - Somatic cells distribution in raw milk of black and white cows after monitoring

According to the results of genetic studies (65 heads) were determined cows with reproductive problems. There were
2 cows carriers of the monogenic recessive disease BLAD, 1 - carrier of the monogenic recessive disease CVM and 1 -
carrier of the recessive monogenic disease BY, 2 - carriers of the lethal HCD haplotype, 1 - carrier of the lethal HH1
haplotype, 2 - carriers of the lethal HH3 haplotype and 1 - carrier of the lethal HH5 haplotype. The isolation percentage of
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animals with genetic abnormalities did not exceed 3% of the study group. These genetic abnormalities emphasize the
need for widespread genetic monitoring to ensure the effective development of the dairy cattle industry. The results of the
research allow us to conclude that implementing the ICAR method in the practical field of livestock breeding in Russia is
promising. As mentioned above, the organization of breeding work in dairy farming was under the Order of the Ministry of
Agriculture of the Russian Federation of October 28, 2010 No. 379. These documents regulate the selection and breeding
work in breeding enterprises, mainly with the involvement of full-time veterinary specialists of these enterprises. The
modern practice of organizing dairy herd management, developed in ICAR member countries and presented in the public
domain, involves the involvement of specialists from an independent control-assistant service. Also, it should conduct milk
quality assessment in an independent, specialized laboratory. It should notice that, since 2016, a regulatory document
has also come into force in the breeding dairy cattle breeding of Russia. This document recommends conducting research
on the quality of dairy raw materials in independent laboratories for selection control of milk quality. It is certainly a
progressive step and contributes to increasing the reliability of research and improving breeding work in dairy herds. The
introduction of a control-assistant service remains open, although we have already discussed this issue at the national
level (Vasilchenko, 2018). Approval of the method for assessing the breeding value of farm animals in the member states
of the Eurasian Economic Union of the member countries of the EAEU, which is reflected in the new developed regulatory
documents of the Eurasian Economic Commission for assessing the breeding value of dairy cattle, considering the ICAR
method and as mentioned above, is also progressive character. Questions regarding the assessment of the daily
dynamics of milk fat and protein in breeding cows, as reflected in the works of Dineen et al. (2020), Dynko et al. (2021)
and Trukhachev et al. (2021).

Using foreign standards in the practice of breeding work (ICAR, Section 7 Bovine Functional Traits, 2020) for
assessing the quality of milk, which establish more stringent requirements for the permissible level of somatic cells up to
200 thousand cells/cm3, in practice allow us to ensure the production of high-quality milk raw materials and the
exploitation of a healthy milking contingent, free from mastitis diseases, which certainly makes it possible to more fully
realize the genetically determined potential of milk productivity. Metlytska et al. (2018), Safina, (2018), and Ladyka et al.
(2021) also pointed out the achievement of the desired milk productivity. Supplementing the practice of dairy herd
management with mandatory monitoring of cattle for genetic abnormalities should also have to be as a progressive
requirement. There had been studying that a few parental couples carriers of recessive monogenic diseases BLAD, CVM,
BY, HCD and HH1, HH3, HH5 haplotypes. It is likely that some cows have reached the dominant form of these anomalies,
which is reduced, including the fertility of animals. And although at the present stage, genetic studies are quite expensive
and therefore cannot recommended everywhere for the entire livestock, it is necessary to cover stud bulls as much as
possible with studies. Implementation of the ICAR method in breeding dairy cattle breeding in Russia will make it possible
to assess the breeding value of dairy cattle using unified methods that have already tested in ICAR member countries. A
wider implementation of this method will make it possible to form an export development vector for livestock breeders in
the states of the Eurasian Economic Union. It should recognize that development of national coefficients for recalculating
the daily dynamics of milk fat and protein content as promising areas. That will make it possible to unify national
methods for assessing the breeding value of animals with the accepted methodological approaches of ICAR.

CONCLUSION

Implementation of individual veterinary measures for two months allowed reducing the average somatic cell count by
1.85 times and reaching the level recommended by ICAR. The spread of individual indicators also significantly decreased.
The standard deviation was 3.63% of the herd mean. According to the results of genetic studies of cows (65 heads), the
number of animals with genetic abnormalities did not exceed 3% of the study group. But these genetic anomalies
underline the need for widespread genetic monitoring to ensure the effective development of the dairy cattle industry.
Therefore, introducing the ICAR method into the practice of national breeding work in dairy cattle breeding will make it
possible to unify accounting practices with international principles and form the export potential. Using the individual
monitoring of dairy raw materials quality assessment makes it possible to study the influence of para-typical (climatic)
factors on the content of dairy components, as well as to stabilize the quality parameters in terms of the level of somatic
cells not higher than 200 thousand cells/cm3.
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ABSTRACT: Present research aimed to increase soybean meal waste quality and nutrient by fermentation
using different ratio of mixed fungus inoculum (Aspergillus ficuum and Neurospora crassa) and fermentation
time. The primary materials were soybean meal waste (SMW), fungus Aspergillus ficuum and Neurospora
crassa. The experiment applied a completely randomized design (CRD) with a 3 x 3 factorial pattern and
three replications. Two treatments were given in this study, factor A (combination of A. ficuum and N. crassa),
comprising of Al (3:1), A2 (3:2), and A3 (3:3). Factor B (fermentation time) comprising of B1 (5 days), B2 (7
days), and B3 (9 days). The variance analysis exposed a highly significant interaction between factor A and
factor B, and those factors also exposed a highly significant effect. The correlation between SMW crude
protein and broiler nitrogen retention showed a positive trend, contrary SMW crude fiber content negatively
affected crude fiber digestibility. In conclusion, the combination of A. ficuum and N. crassa (3:2) and seven
days fermentation period showed optimal results as seen from 28.25% crude protein, 13.77% crude fibre,
61.16 nitrogen retention and 58.76% crude fibre digestibility of fermented SMW.
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INTRODUCTION

The availability of soybean meal waste (SMW) is abundant in line with the mushrooming of the home industry for making
soy milk due to the high public awareness of healthy living. Soy milk has high protein content and contains isoflavone
compounds is a beneficial foodstuff for healthy nutrition (Jang et al., 2021; Chitisankul et al.,, 2022). Along with the
increasing demand for soy milk, the availability of SMW is also increasing, so it is the potential to be utilised as a source
of animal feed, especially for poultry feed. Nutrient content of SMW is quite high, such as crude protein 27.62%, crude fat
2.95%, non-nitrogen free extract 52.66%, crude fiber 13.81% and ash 2.96%, Ca 0.09%, P 0.04% (Mirnawati, 2011).
Although the protein content of SMW is quite high, the benefits are limited. Only 6.2% are possible to be applied in broiler
rations. It is due to the low palatability and quality of rations which can be seen from nitrogen retention that is also lower
(Mirnawati, 2012).

Based on the previous study, it was found in the broiler that supplemented with fermented soybean milk by
Aspergillus ficuum resulted in higher feed intake, body weight gain and feed conversion compared to control (Ciptaan et
al., 2021). But it is still limited to only being used up to 25% of rations. The limiting factor of using SMW in poultry rations
since it has high crude fibre content and phytic acid. Furthermore, Ciptaan and Mirnawati (2015) stated that fermented
SMW with Neurospora sitophila gave better results than the of Neurospora crassa and Neurospora sp. saw from crude
protein content and nitrogen retention are 37.68% and 55.77%. Although the crude protein content is comparatively high,
nitrogen retention is still low because of the presence of phytic acid which will reduce the digestibility of the protein so
that the protein becomes unavailable. In vitro evaluation of N. crassa as an oligosaccharide inoculum toward soybean
pulp extract showed a safer fermentation profile with probiotic properties (Zhou et al., 2019). Biotechnology research on
cellulolytic fungi and phytates to produce cellulases and phytases to degrade cellulose and phytic acid are to improve the
SMW quality (Yang et al., 2019; Chen et al., 2021). So fermented soybean milk is of high quality, namely low crude fibre
and phytic acid can be utilized more in poultry rations. One of the fungus that produce high cellulase and phytase is A.
ficuum. Phytase production from potato waste fermentation using A. ficuum reached 5.17 U/g ds (Tian and Yuan, 2016).

Based on the above description, a study to determine the combination of A. ficuum with N. crassa with fermentation
period to increase the SMW quality as local feed ingredients that can replace or reduce the imported feed ingredients in
poultry rations is necessary. Besides that, it also determines of fermented SMW that can be applied in the poultry industry
to provide low cholesterol meat and eggs.
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MATERIALS AND METHODS

Materials

The materials applied to conduct the study include SMW (Figure 1), A. ficuum (Figure 2), N. crassa (Figure 3), Potato
Dextrose Agar (PDA), experimental chicken, distilled water, rice bran, standard mineral solution comprising of (NH4)2S04
0.14%, KH2PO4 0.2%, MgS04 7H20 0.03%, urea 0.03%, CaCl> 0.03%, FeSOs 7H20 0.0005%, MnSO4 H20 0.00016%,
ZnS04 7H20 0.00014%, CoCl2 0.0002%, pepton 0.075%, ADS solution, alcohol, aceton and H2S04 72%. The equipment
used is an autoclave to sterilize tools and materials for 1 kg size plastic bags (polypropylene), analytical scales, incubator
cabinets, electric ovens, oasis needles, bunsen, test tube, cotton, aluminium foil, and trophy cups, a set of laboratory
equipment for analysis.

Figure 1 - Soybean meal waste (SMW)

Figure 3 - Neurospora crassa ‘

Methods

Figure 4 - Fermented SMW

Soybean meal waste fermentation was processed by adding rice bran in a ratio (80:20) as a substrate while the
inoculum is A. ficuum and N. crassa as much as ration treatment then placed in plastic bags as an incubator for several
days. The factors for the treatment were: Factor A (ratio of inoculum): A1=3:1, A2=3:2, A3=3:3; Factor B (duration of
fermentation): B1=5 day, B2=7 day, B3=9 day.

Fermented SMW was harvested (Figure 4) and dried at a temperature of 60°C and ready to be given as rations.

Determination of crude protein and crude fibre of SMW using proximate analysis

In 100 broilers, Lohmann strain at five weeks of age was prepared for nitrogen retention and crude fibre digestibility
measurement. Five birds per unit cage (80 x 80 x 60 cm) supplied with ad libitum drinking water. Nitrogen retention and
crude fibre digestibility were measured following Sibbald (1980) and Mirnawati et al. (2019). For comparison, we
performed nutritional analysis and measurements of nitrogen retention unfermented SMW (Table 1). A completely
randomized design applied in this experimental research with factorial patterns (3 x 3) and three replications. The data
obtained will be analyzed for variance. If treatment has a significant effect on variables, then proceed with Duncan's
Multiple Range Test. Pearson correlation was performed to determine the relationship between the variables using
MedCalc software (version 20.110).
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Table 1 - Proximate analysis and nitrogen retention of unfermented SMW

Nutritional value (%) Soybean meal waste
Crude protein 27.62

Ether extract 2.95
Non-nitrogen free extract 52.66

Crude fiber 13.81

Ash 2.96

Ca 0.09

P 0.04
Nitrogen retention 40

RESULTS AND DISCUSSION

Crude protein content

The results showed that there were interactions that had a highly significant effect (P<0.01) between Factor A
(composition of inoculum) and Factor B (duration of fermentation) on crude protein. Each factor A (composition of
inoculum) and factor B (duration of fermentation) also showed a similar effect (P<0.01) on crude protein. The interaction
between inoculum composition and fermentation period is due to the mixed inoculum nutrition availability and the proper
duration of fermentation.

In Table 2 the composition of the treatment inoculum A2 (3:2), it is better than A1 (3:1) and A3 (3:3). Al (3:1) was
higher than A3 (3:3). The composition of the inoculum is optimal in A2 (3:2) thus each inoculum can perform a synergistic
effect that enhances enzymatic activity. A. ficuum can produce phytase at 37.46 U/ml for seven day incubation period
(Pazla et al., 2021). Meanwhile, fermentation of soybean meal by N. crassa can hydrolyze protein more efficiently and
increase amino acids (Li et al., 2019). Neurospora can produce protease enzymes that digest proteins into amino acids
and lipases that digest fat, and triglycerides become free fatty acids (Kurniati, 2012). In addition, the highest crude
protein content in A2B2 is because of the prominent contribution of the microbes population. Yousufi (2012) stated that
the elevated in protein substance was because of the proteins supplement contributed by microbial cells as single cell
protein source.

Table 2 - Nutrient content, nitrogen retention, and crude fiber digestibility of SMW.

Variables A B (duration of fermentation)
(ratio of inoculum) B1 (5 day) B2 (7 day) B3 (9 day)
Al (3:1) 21.08¢ 25.392 23.26P
Crude protein (%) A2 (3:2) 22.51¢ 28.25a 25.18b
A3 (3:3) 19.11¢ 24.472 22.04b
Al (3:1) 18.812 16.71¢ 17.90p
Crude fiber (%) A2 (3:2) 17.25a 13.77¢ 15.97b
A3 (3:3) 20.542 18.40¢ 19.24b
Al (3:1) 45.64¢ 55.562 51.48p
Nitrogen retention (%) A2 (3:2) 51.25¢ 61.162 56.430
A3 (3:3) 42.57¢ 49.562 47.52p
A1 (3:1) 45.32¢ 55.28a 50.53p
Crude fibre digestibility (%) A2 (3:2) 49.50¢ 58.762 53.11°
A3 (3:3) 39.60¢ 49.302 45.23p

Different letters in different lines and uppercase letter show a highly significant effect (P <0.01)

Crude fibre content

The results of the analysis showed that treatment had a highly significant interaction (P<0.01) between factor A
(composition of inoculum) and factor B (duration of fermentation) on crude fibre content. More specifically, each factor
showed an eminent effect (P<0.01). The lowest crude fibre content is found in A2B2 (13.77%). Li et al. (2014) stated that
N. crassa has peptidase enzyme activity, endoglucanase, exoglucanase, and cellobiose dehydrogenase. It is an
extracellular enzyme that plays a role in the hydrolysis of cellulose and hemicellulose. Fermentation inoculum using N.
crassa can improve nutritive value in agriculture waste and might enhance poultry production (Liu et al., 2016). This
result is close to the crude fibre content of fermented palm kernel cake with Bacillus subtilis plus humic acid treatment
with a value range of 18.05-19.96% (Mirnawati et al., 2022). In addition, the application of fermentation to palm kernel
cake using Sclerotium rolfsii can replace commercial concentrate in quail ration without significantly affecting crude fiber
content and egg production (Ciptaan et al., 2022).

Nitrogen retention
The finding has proven that there were high significant interactions (P<0.01) between factor A (composition of
inoculum) and factor B (duration of fermentation) on nitrogen retention. Each factor also showed a high significant effect
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(P<0.01) on a variable. As shown in Table 2 that the highest nitrogen retention is found in A2B2 (61.16%). Since the
crude protein content in A2B2 is higher than in the other treatments. In addition, during fermentation, A. ficuum produces
a protease enzyme resulting in better nutrition quality for SMW. Malomo et al. (2013) showed that broiler nitrogen
retention is positively related to dietary protein content. This also has an impact on increasing the protein efficiency ratio
in diet substituted with 15% SMW (Dono et al., 2017). If the protein content is low, it will impact the animal production.
However, Brink et al. (2022) showed that higher crude protein levels did not elevate broiler nitrogen retention.

Crude fibre digestibility

The variance analysis exposed that there were interactions between factors A and B that had a highly significant
effect (P<0.01). Each factor also contributes to the digestibility of crude fibre SMW with a prominent effect (P<0.01).
Table 2 showed the A2B2 highest crude fibre digestibility (58.76%). Since the crude fibre content in A2B2 is lower than in
other treatments. Crude fibre components are degraded during the fermentation process that animals could easily digest.
N. crassa has high cellulolytic activity and produces cellulase enzymes that enhance crude fibre digestibility and also
protein availability (Mirnawati et al., 2017). Compared with the combination of Phanerochaete chrysosporium and N.
crassa (4:1), the digestibility of palm oil sludge fibre was 57.66% for an incubation period of 13 days. A mixture of A.
ficuum and N. crassa showed SMW in better crude fibre digestibility with a shorter incubation period (Mirnawati et al.,
2019).

Relationship between nutritional value

Fermented SMW crude protein content has a highly positive correlation with broiler nitrogen retention (r=0.95,
P=0.0001, Figure 5). Meanwhile, fermented SMW crude fiber and broiler crude fiber digestibility showed a highly negative
correlation (r=-0.95, P=0.0001, Figure 6). The effect of reducing crude protein on a diet (maize-soybean meal) showed a
downward trend in broiler nitrogen retention, but it was not significant (Chrystal et al., 2020). This difference may be due
to physicochemical profile of feed ingredients. The relationship between crude fiber content and crude fiber digestibility is
in accordance with the results of Ginindza et al. (2017) in indigenous breed chickens, where increased CF levels
decreased feed intake as well as digestibility but this was compensated by adaptation in intestinal villi. Promising
nutritional profile of fermented SMW is expected to support broiler production performance.

Crude protein (%)

Nitrogen retention (%o)

Crude fiber (%)
=
|

1 1 1 1 1 1
35 40 45 50 55 60
Crude fiber digestibility (%)

Figure 6 - Correlation between SMW crude fiber and broiler broiler crude fiber digestibility
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CONCLUSION

The mixed inoculum A. ficuum plus N. crassa (3:2) with seven days of fermentation session showed optimal results. That
is shown by increased crude protein, nitrogen retention, crude fibre digestibility, and reduced crude fibre of soybean meal
waste. Early indications have signified that fermented soybean meal waste has promised to be an alternative protein
source for poultry feed. Further studies focused on the amino acid quality of fermented soybean meal waste.
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ABSTRACT: The study was conducted to identify breeding practices and traits preferences of the dairy cattle 2EIF2
producers in the southern part of Ethiopia. Representative sample households were selected by SRS (Simple 2 § § % {,",
Random Sampling) techniques. A cross-sectional survey with a structured questionnaire was used to collect 2 g g N m
the data on the purpose of keeping dairy cattle, herd composition, source of dairy cattle, trait preference, and € .9 ;
breeding practices performed by the farmers. The data were analyzed using statistical software SPSS 27, and N % 23 o
chi-square was used to compare categorical variables. The herd composition of the Bule district is o N 3 ==
significantly different from the rest of the districts in the mean number of calves, heifers, and bulls. The § Y § >
Yirgachefe district significantly differs in the mean number of cows compared to other districts. The breed v QS S 3
preference of most farmers (81.67%) is cross-bred bulls (Jersey and Holstein Frisian). There are not enough NG 6
bulls on the farms; only 21.7% of them have a breeding bull, and the primary sources of bulls in the study N} E

community are the grazing areas and the neighbors. Respondents preferred artificial insemination (96.1%) to
natural mating. Milk yield, appearance, and genotype were important traits in selecting a dam, whereas
genotype, appearance, and fast growth rate were the most preferred traits in sire ranking. The farmers'
breeding objectives were to improve milk production and increase cash income. Therefore, establishing a
village-based mating program for the genetic improvement of dairy cattle in the study area is recommended
to overcome the shortage of bulls.

Keywords: Artificial Insemination, Breeding, Genetic improvement, Selection criteria, Sire.

INTRODUCTION

Ethiopia has enormous potential for cattle in Africa and keeps about 70 million cattle population. More than half (56%) of
female cattle, and the remaining 44% are male cattle. Dairy cows are estimated to be around 10.8% and dominated by
local breeds and only 2.6 % are cross-bred and the exotic from the total cattle population. On average, milk production is
1.48 liters per cow per day (CSA, 2021).

The dairy sector is critical to Sub-Saharan Africa's (SSA) socioeconomic situation, particularly in Ethiopia, by providing
food security and revenue generation, especially for small households (Lemaire et al., 2019; Wangu et al., 2021). Despite
its importance to farmers and the economy as a whole, the cattle sector has been neglected and underutilized (Mekonnen
et al,, 2012)

Breeding practices of dairy farmers differ in agroecology (highland, midland and the lowland) areas of Ethiopia
(Bedada et al.,, 2021). Trait preferences of farmers usually vary across communities, production systems, and
agroecological zones (Roessler et al., 2008; Duguma et al., 2010; Zewdu et al., 2018; Aman et al., 2021). This has
resulted from economically important traits influenced by livestock keepers' production environment.

The study area is found in Shashemene Dilla milkshed and, its contribution in terms of milk production to the
community is high, comprehensive baseline data about breeding practices and selection criteria were not found. To
enhance the productivity of the dairy sector and design dairy production improvement strategies or interventions, knowing
the dairy farmers' trait preferences and breeding practices is vital (Gebremichae et al., 2015; Zewdu et al., 2018). In this
regard, farmers' trait preferences and breeding practices of dairy cows are essential to study that have not been
investigated in the study area. Therefore, the current study was initiated to fill this research gap by investigate the
farmers' trait preferences and breeding practices of dairy cattle production in the Gedeo agroforestry production system.

MATERIALS AND METHODS

Study area description

The study was conducted in selected districts of Gedeo Zone and Abaya District of West Guji and geographically
located between 5°50' 19" to 6°35' 56"N latitude and 37° 50' 47" to 38° 26'17" E longitudes (Figure 1). The selected
districts from Gedeo zone were Bule, Gedeb and Yirgachefe. The elevation varies between 1450 and 3200 m.a.s.l. It is
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normal to get bimodal rainfall from March to May and August to October. The annual rainfall fluctuates between 1200
and 1800mm. The temperature is between 18 °%c and 25°. The Gedeo zone is made up of 26 percent Dega (highland),
65 percent Woina Dega (middle), and 9 percent Kola (lowland) agroecologically. Abaya, the other selected district, is
found in West Guji Zone in Oromiya Region. Agro-ecologically, it comprises two main agro-ecologies, namely
Kolla/lowland (70 Percent) and Woina Dega/midland (30 Percent). The altitude ranges from 1200 to 2060 m.a.s.l. The
temperature is between 16 % and 28 Oc. The average annual rainfall of the district is 105.5 mm, which commences in
May and extends to the end of October (Mebrate et al., 2021).
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Figure 1 - Study area location map

Sampling procedures and sample size determination

A cross-sectional study design was used for the study. The study districts were purposively selected as they have a
high potential for dairy cattle production with the consultation of Gedeo Zone and Abaya district livestock officers. Four
potential districts (Yirgachefe, Gedeb, Bule and Abaya) were selected. Target households were selected from three
kebeles (small administrative units) for each district using the same criteria that the districts were selected. Finally, the
interviewed individuals were selected using simple random sampling (SRS) procedures. The sample size was determined
by the formula (1) of Arsham, (2005) for the survey study.

0.25

5°50'0"N  6°0'0"N  6°10'0"N 6°20'0"N 6°30'0"N 6°40'0"N

Where; N=population size and SE= standard error. Accordingly, 3.73 % of standard error with 95% CI (confidence
interval), hence, the total sample households become 180.

Methods of data collection

A survey was undertaken to collect data from 180 dairy farmers in the four districts. Structured questioners were
designed. Before the commencement of the actual study, a pretest was conducted to ensure the respondents understood
and answered the questions correctly. The questioner used to collect general household information, herd composition,
sources, and breeding practices. Secondary data was gathered from the agriculture offices in the zone and districts.

Data analysis

The collected data were summarized on Microsoft excel 2021, and using SPSS 26 (statistical package for social
science) was used to analyze descriptive statistics. A chi-square (x2) test was calculated using SAS (Statistical Analysis
System) version 9.4 to see if the proportions of the different categorical variables were significantly different or not at P <
0.05. Indices were calculated to provide an overall ranking of keeping dairy cattle and the traits used for choosing sires
and dams according to the formula of the index (2) developed by Kosgey et al. (2008).
[(N*F1)+((N-1)*F2)+---+(1*Fn)]
YI(N*F1)+((N—1%F2)+---+(1+Fn)] ()

Where N maximum level of rank, F1 frequency of the 1st rank, F2 frequency of the 2nd rank, and Fn frequency of the
last rank. The herd compositions of the respondent were analyzed using the GLM (general linear model) procedure of SAS
9.4. Mean comparisons were carried out using Duncan's multiple range tests, and the significant differences were
declared when P < 0.05. The appropriate statistical model (3) used was:

Index =
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Yij = u+Ti+ eijj 3)
Where Yi: Observed value of the herd composition, y: Overall mean, Ti: Effect of it location (i = Abaya, Bule, Gedeb
and Yirgachefe) and ej: Residual random error.

Ethical approval

The study is a survey type and did not involve humans or animals as subjects in the research. All the data collection
instruments (household survey questionnaires) were reviewed for ethical clearance and approved by the Dilla University
College of Agriculture and Natural Resources ethics committee.

RESULTS AND DISCUSSION

General household characteristics

General household characteristics are presented in Table 1. The differences in sex, education, and age are significant
at p<0.05 using the chi-square test. In all districts, males outnumber females, with Bule (93.3%), Gedeb (82.2%), Abaya
(82.2%), and Yirgachefe (80.0%). In Adama, Gurage Zone, and North Shoa, 73.5%, 81.1%, and 90.4% of the respondents
were men, according to Sharew (2018), Tesfaye and Wondossen (2019), and Yohanis and Tilahun (2021) respectively.

Nearly 3/4th of the interviewed household heads from all the studied areas were found in an age category of 30-59
years. The result (Table 1) showed that the farmers still practice dairy farming when their age increases. Similarly, Yohanis
and Tilahun, (2021) and Hailemariam et al. (2022) also reported similar findings in Adama and Dilla Zuriya.

The majority (85.5%) of the interviewed households were literate. The result of the present study agreed with reports
of Melku, (2016), and Sharew et al. (2022). The literacy of respondents gives a better chance to apply agricultural
technologies to agricultural practices and makes it easy the acceptance new technologies and efficient resources use.
Assemu et al. (2013) and Gatew et al. (2018) findings support the importance of education on agricultural technology
practices.

Table 1 - Household characteristics of the respondent

L Yirgachefe Bule Gedeb Abaya Over all
Descriptions X2 P-value
N (%) N (%) N (%) N (%) %

Male 36(80.0) 42(93.3) 37(82.2) 37(82.2) 84.4

Sex 85.42%** 0.0001
Female 9(20.0) 3(6.7) 8(17.8) 8(17.8) 15.6
llliterate 3(6.7) 11(24.4) 7(15.6) 5(11.1) 14.4

Education Read& write 6(13.3) 6(13.3) 9(20.0) 8(17.8) 16.1

background 1-6 class 18(40.0) 19(42.2) 21(46.7) 20(44.4) 43.3 76.94*** 0.0001
7-12 class 13(28.9) 9(20.0) 6(13.3) 12(26.7) 22.2
2Diploma 5(11.1) - 2(4.4) - 3.9
20-29 5(11.1) 2(4.4) - 1(2.2) 44
30-39 12(26.7) 9(20.0) 6(13.3) 6(13.3) 18.3

Age 40-49 15(33.3) 18(40.0) 25(55.6) 19(42.2) 42.8 75.67*** 0.0001
50-59 6(13.3) 9(20.0) 11(24.4) 15(33.3) 22.8
260 7(15.6) 7(15.6) 3(6.7) 4(8.9) 11.7

X2 = Chi-square; *= significant if p< 0.05; ***=p < 0.001

Table 2 - Herd composition in the study area

. Yirgachefe Gedeb Bule Abaya Overall
Herd composition P-value
(Mean *SE) (Mean *SE) (Mean +SE) (Mean *SE) (Mean +SE)

Calves 1.82+0.21"b 1.45+£0.10" 2.671£0.212 1.69+0.13"> 1.96+0.09 0.0001***
Heifers 1.2910.11° 1.43+0.11" 2.574£0.262 1.16+0.08° 1.68+0.10 0.0001***
Oxen 1.00+£0.00° 1.64+0.17 ab 2.20+£0.552 1.50+0.11ab 1.65+0.13 0.0001***
Bulls 1.0040.002 1.1440.14 2 1.50 £0.112 1.00+0.002 1.36+0.08 0.1444 rs
Cows 1.3410.14° 2.4210.182 2.3910.27a 2.20 £0.132 2.13+0.09 0.0004***

ab, Means within a row with different superscripts differ significantly (P<0.05); ***=p < 0.001; NS = not significant; SE = Standard Error

Dairy cattle herd compositions

The average herd composition in the area is summarized in Table 2. On average (2.13+0.09), cows take the leading
number in the herd composition. These results agree with those (Bereda et al., 2014; Tesfaye and Wondossen, 2019;
Hailemariam et al.,, 2022) in Gurage Zone and Dilla Zuriya and Enemor districts and Hadiya respectively. The average
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number of calves and heifers Bule district significantly differs (p<0.05) from the remaining districts. The mean cow
number in Yirgachefe district significantly differs (p<0.05) from the remaining three districts. There is no significant
difference among bulls keeping potential across the districts in the present study. The number of bulls kept by the
respondents was small compared to other herd compositions. This might be because the area is known for its
agroforestry practices, and farming is less practiced than other farming systems. The lower average number of bulls could
be attributed to a significant land constraint on providing sufficient feed for their animals (Bereda et al., 2014).

Breeding objectives

Choosing multiple traits for which animals are specifically bred is always a part of breeding objectives, assuming that
farmers have consciously decided to improve the next generation of animals genetically. The cost of production and
revenue from product sales associated with a genetic alteration in the target attribute is likely to impact the breeding
objectives (Solkner et al., 2008 and Godadaw et al., 2014). The purpose of dairy cattle keeping as ranked by the
respondents in the study area is depicted in Figure 2. The first two important breeding objective stated by the sampled
farmers in all study districts was obtaining better milk yield and income sources. Overall, these findings are in accordance
with results reported by Endashaw et al. (2012); Banerjee et al. (2014), Debir, (2016), Woldeyohannes, (2018), and
Hailemariam et al. (2022); the purpose of keeping cattle is for milk production and income source. The milk production
assumption is related to increased profit with increased yield per cow per day. In addition, more milk supply also indicates
better-fed calves with greater pre-and post-weaning survival rates (Godadaw et al., 2014).

The farmers reared dairy cattle as the following important functions are farming/draft power and manure. There is no
special breed for a specific trait in the country, whereas cattle are used as a multipurpose role for the livestock keepers in
the tropics. Adebabay (2009) also studied in Amhara Region and Bainesagn (2015) in West Shoa stated multipurpose
role of cattle is common in the country.

B Milk production [0 Income source ® Manure ®Farming/draft power
0.49

0.5 0.45 0.45

0.45 043 0.42

0.4
0.35
0.3

Index

0.25
0.2
0.15
0.1
0.05

Yirgachefe Bule Gedeb Abaya Overall Index
Districts

Figure 2 - Breeding objectives

Breeding practices

The breeding practices of the study districts are illustrated in Table 3. The breeding practices reported in the study
area are mostly (96.1%) Artificial Insemination (Al), and natural mating was very rare. The present study confirms the
findings of Destalem (2015) in the Central Zone of Tigray, Al was preferred by two-thirds of the respondent. There is a
trend toward replacing natural mating with Al. The majority (81.67%) of the respondents' breed preferences were cross-
bred (Jersey and HF cross) than the indigenous breeds. At the same time Hailu and Abate, (2016) also reported in North
Gondar that 82.5% of the dairy farmers prefer cross-breeding.

According to individual farmer interviews, obtaining the desired type of breeding bulls has also become increasingly
difficult in the area. Less than a quarter (21.7%) of the respondents have a breeding bull. This might be related to the
management cost of bulls. These results agree with (Godadaw et al., 2014; Lakew et al., 2019; Duguma, 2020) findings
that farmers don't have breeding bulls in different parts of the country. To overcome the problem, farmers have an
additional bull source for mating. The farmers obtained breeding bulls from their neighbors and grazing areas. So, most
(81.1%) farmers primarily rely on bulls from neighbors and grazing areas. The results of this study are in keeping with
previous observational (Godadaw et al., 2014; Ayeneshet et al., 2017; Lakew et al., 2019), which report 55% to 81.9% of
the farmers depend on mating with neighbors, grazing area in North Amhara, North Gondar, and North Shoa Zone of the
country.
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Sources of dairy cattle

Sources of dairy cattle are represented in Table 4. There are different sources for dairy cattle replacement in the
study area like own herd, buying, a gifts from families. Except for Gedeb, the highest percentage of the source of dairy
cattle is buying, whereas in Gedeb own herd replacement is the highest percentage than the others. The buying and own
herd covers 88.83% of replacement stock in the study area. Similarly, Godadaw et al. (2014) and Gebremichael et al.
(2015) and reported that purchase is the highest source for foundation stock in Dembia district and Tigray highlands,
respectively. Sharew (2018) also stated that owning herd replacement is the second source of foundation stock in North
Shoa.

Trait preference for selection of dairy cattle

The ranking of traits for selecting breeding males and females as perceived by farmers was summarized in Table 5.
The index value showed that milk yield was ranked first in the selection of breeding females with an index value of 0.3,
0.36, 0.4 & 0.21 in Yirgachefe, Bule Gedeb and Abaya districts, respectively. In accordance with the present result,
previous studies by Takele (2005), Godadaw et al.(2014), Ftiwi and Tamir (2015), Girma et al. (2016), and Belay and
Zeleke (2021) have demonstrated that milk yield is the primary interest of the livestock keeper in a different part of the
country.

In Yirgachefe and Bule, appearance was the second most important trait in the selection of breeding females, whilst
genotypes were in Gedeb and Abaya. Similarly, Ftiwi and Tamir (2015) stated that physical appearance is one of the
preferred traits in the selection of breeding animals. The farmers focus on body shape, udder size and teat position as
primary interests when looking at the appearance of the animals. In general, cattle owners' selection criteria are related
to production traits in a different part of the country. It is assumed that large animals produce high milk yields and reach
market weight sooner.

Traits like genotype, appearance, fast growth and disease resistance were the most preferred traits by the farmers in
the area study areas in selecting breeding bulls (Table 5). According to Mekonnen et al. (2012) in Western Oromia, Bayou
et al. (2014) in Benchi Maji, Mezgebe et al. (2017) in Northern Ethiopia and Aman et al. (2021) in mid rift valley of
Oromia found, most farmers practiced selection based on appearance. Coat color and temperament were given relatively
little emphasis in selecting breeding bulls. Temperament was the list preferred trait in west Tigray and the Aneded district
of East Gojam (Ftiwi and Tamir, 2015; Zewdu et al., 2018).

Table 3 - Breeding practices in the study districts

Yirgachefe Bule Gedeb Abaya Overall
Breed preference
N (%) N (%) N (%) N (%) (%)
Local 7(15.56) 16(35.56) 1(2.22) 9(20) 18.33
Jersey cross 17(37.78) - 6(13.33) 13(28.89) 20.00
HF cross 21(46.67) 29(64.44) 38(84.44) 23(51.11) 61.67
) Al 43(95.6) 40(88.9) 45(100) 45(100) 96.1
Mating preference .
Natural mating 2(4.4) 5(11.1) - - 3.9
. Yes 5(11.1) 19(42.2) 7(15.6) 8(17.8) 21.7
Own breeding bull
No 40(89.9) 26(57.8) 38(84.4) 37(82.2) 78.3
Local 3(60) 14(73.7) 5(71.4) 8(100) 76.9
Breeds of bull Cross 2(40) 4(21.1) 1(14.3) - 17.2
Both - 1(5.3) 1(14.3) - 5.1
¢ bull Neighbor 22(48.9) 19(42.2) 30(66.7) 21(46.7) 51.1
i?:t:z‘;s Lol Grazing area 19(42.2) 7(15.6) 10(22.2) 18(40) 30
Own herd 4(8.9) 19(42.2) 5(11.1) 6(13.3) 18.9

NB: HF-Holstein Frisian; Al-Artificial Insemination

Table 4 - Sources of dairy cattle

Yirgachefe Bule Gedeb Abaya Over all

Sources
N (%) N (%) N (%) N (%) %
Buying 31(68.90) 26(57.80) 10(22.20) 40(88.90) 59.40%
Gift 1(2.20) - 1(2.20) 4(8.90) 3.30%
Own herd 5(11.10) 19(42.20) 27(60.00) 1(2.20) 28.90%
Buying and own herd 8(17.80) - 4(8.90) - 6.70%
Buying and gift - - 3(6.70) - 1.70%
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Table 5- Selection criteria of dam and sire

Traits preferences Yirgachefe Bule Gedeb Abaya Overall Index
Appearance 0.17 0.19 0.08 0.19 0.16
Milk yield 0.30 0.36 0.40 0.21 0.31
Fast Growth 0.08 0.13 0.09 0.17 0.12
Dam Genotype 0.16 0.19 0.19 0.19 0.18
Temperament 0.12 0.01 0.01 0.00 0.04
Coat color 0.01 0.03 0.03 0.01 0.02
Disease Resistant 0.11 0.01 0.10 0.07 0.07
Record history 0.05 0.08 0.10 0.16 0.10
Total 1.00 1.00 1.00 1.00 1.00
Appearance 0.08 0.42 0.14 0.19 0.21
Libido 0.10 0.07 0.11 0.18 0.11
Genotype 0.44 0.30 0.38 0.20 0.33
Sire  Fast Growth 0.12 0.11 0.15 0.30 0.17
Temperament 0.02 0.01 0.05 0.02 0.02
Coat color 0.00 0.07 0.02 0.06 0.04
Disease resistant 0.24 0.02 0.15 0.05 0.12
Total 1.00 1.00 1.00 1.00 1.00
CONCLUSION

Dairy cattle production plays a significant role in food security. Artificial insemination was preferred over natural mating.
The grazing area and the neighbors are the sources of bulls for natural mating. The breeding objectives in each district
were better milk yield, income source, and traction/draft power. According to the index value, the most preferred traits in
dam selection were milk yield, appearance, and genotype. The three most useful sire selection criteria were genotype,
appearance, and fast growth rate. In conclusion, farmers should use a village-based mating system since bulls are a
shortage. In addition, the local administrators should think about establishing more Al centers to bring genetic
improvement programs in short.
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