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ABSTRACT

Eggshells an@ggshelmembranes are needible wastetargely disposef, but these are the
reservesof many bioactive compoundsggshells arene ofthe most widely used food processing
and manufacturing plant bgroducts.The disposal ogéggshell and underlying membrane waste
contributes to abrasiveness, odor, and pollution. Most of the eggshell iwasteently cumulated
onsite without any préreatmentProteases are enzymes used in industries suttegsroduction
and processing adetergents, food, leathezpsmetics, and waste managemehe objective of this
study wago isolate and identifproteaseproducing bacterial isolates from soil and evaluate their
eggsheHldegrading capacitiesSoil samples were collestt separately from both the cake bakery
waste accumulation site and arable land samplarga. Samples weighing 1 g were serially
dilutedin doubledistilled water and spread onto skim milk agar. A total of 14 protpaséucing
bacterial isolates were isolated from the study samples. Haeterial isolates showed high
proteolytic activity andvere selectetbr enzymatic study basewh their zone of proteolysis. The
isolates were identified based prorphological tests, biochemical tests, MALDI TOF MMN&trix
Assisted Laser Desorption ionization time of flight mass spectromearyd 16S rRNA
sequencingThe sequencing results indted that the isolated bacteria welkgsinibaccillus
sphericug99.69%) and two othasolates that were not sequencétie PPBI(protease producing
bacterial isolatesshowed promising results for application in degrading whole eggsaedsits
membrane Theresult of the optimizatiomdicated that althree isolates preferrethe alkaline
condition since their PH was 8. Thpseferred yeast extract as a nitrogen soutemperature of
37°C for isolate CB1 an80°C for the left two isolates (AL1 and CB2jd 48 h for the two isolates
and 72 h for CB1 of incubation tim8oils fromcake bakery waste accumulation sisl arable
land in the study areeould be good sources from which to isolatieole eggshell and eggshell
membranedegradingalkaline proteaeproducing bacteriaThe alkaline protease from PPBI has
to be advanced to various sectors of industries, like the leather industries, cosmetics industries
pharmaceutical industries, and waste management systems. Further purification stages and studie

should be done for the wide application of the enzyme producing isolates.

Key words; Alkaline proteaseg biodegradation, Eggshell Lysinibaccillus sphericus



1: INTRODUCTION

1.1 Background of thestudy

Waste refers to any unwanted item or material that the owner wishes to get rid of, regardless c
whether it can be reused, recycled, recovered, or not (DEA, 2019). Municipal Solid Waste (MSW)
mainly consists of household waste; with some commena@ate included (Fischer. et al., 2013).
Household waste is produced through various activities within a household, such as cooking
cleaning, gardening, and fuel burning. It is crucial to note that improper management of solid wast:
can have detrimental fetts on aesthetics, human health, and the environ(Atanh & Ahmade,

2013) Therefore, in order to effectively cant waste management and mitigate these negative
impacts, it is essential to have a comprehensive understanding of the effects and risks associat
with poorly managed solid waste, which account for approximately 85% of the(ltegtdri &
Trihadiningrum 2019)

Eggshells are a common dpyoduct of food processing and manufacturing, with a wide range of
uses. They are a key ingredient in many products, including cakes,dsatsings, and fast foods.
However, the production of these products generates a significant amount of eggshell waste
leading to high disposal costs worldwide. Approximately 250,000 tons of eggshell waste is
produced annually (Verma et al., 2012). Thelkitself makes up about 111% of the total weight

of an egg and is primarily composed of calcium carbonate (96%) and trace elements. Additionally
the eggshell membrane contains collagen types |, V, and X, which have various applications in th
cosmett, food, medical, and pharmaceutical industii€ésgori, 2011). The collagen found in
eggshell membrane can serve as aternative to mammalian collagen and has potential for

commercial use in different field&lahe et al., 2018)

Egg shells and membranes are-aalible wastetargelydisposedbuttheseare the reserve of many
bioactive compoundwhichcan be extracted by efficienseparation (Bayraktar et al.,
2021) Disposal of eggshell and underlying membrane waste contributes to abrasiveness, odor, ar
pollution (Kingori 2011)Mostof theeggshell wastes are currently cumulated -sib@
withoutanypretreatment. Also given the environmental odor from biodegradation, waste
management is not a pleasant functfdvaheed et al., 2020)n recentyears;a lot ofefforts have

been made to transform eggshell wastes into a valuable prdtiesemajorapplications included



a possible bone substitutee starting material to prepare calcium phosphate bioceramics such as
hydroxyapatite (HAp)and bone mineralization and growth, a {oast adsorbent for removal of
ionic pollutants from the aqueous solutmma biodiesel catalygTorresmansilla et al., 2023)

Proteases are a class of large and complex groups of enggmesmeknownby the name

of peptidyl-peptide hydrolasesnzymes thatatalyze the hydrolysis of peptide bonds from protein
molecules into polypeptides or free amino acids. Protease enayee$oundn all

living organismsplants, animals, and microorganisms (Pradsteql.,2012; Sharmat al.,2014).

Acid, neutral, and alkaline are the main classes of protease based on thbasackEhavior. Acid
protease is producedostly byfungi, theoptimum PH is 25 for activities. Neutral protease has a

PH range of 7.0 or around and is maimgnh plant sourcesthe PH of alkaline protease is 8 and
above, as stated by Khan et al. in 2011. Among the total world enzyme production, approximatel
60% is accounted for by protease enzymes, with the majority being alkaline protease, as mentione
by Chuin 2007, Palsaniya et al. in 2012, and Patel et al. in 2018. Alkaline proteases find
applications in various industries such as detergent, pharmaceutical, leather, silk, wastt
management, photographic, and dairy, as highlighted by Sanathan et al. inVkE&rbkes are
preferred as a source for these enzymes due to their rapid growth, minimal space requirements f
cultivation, and the ease of genetic manipulation to create new enzymes with desired properties fc
different applications, as explained (Malik & Ahlawat, 2019)

Ethiopia has broad microbial diversity; however, protgaselucing bacteria for eggshell
degradationhave not yet been explorethereforeacurrent study has been initiatedth the
objectives of isolating and characterizinacterial strains from soil by determining their ability to
produce protease enzymes and evaluating their potential for degragtisbe#t and eggshell

membrane wastes.

1.2. Statement of the Problem

Ethiopia is struggling with the ewémcreasing issue of solid waste as its urban areas continue to
multiply and expand in both siznd populationThis difficulty of improper waste management is
particularly prevalent in lovincome countries like Ethiopia, adversely impacting water quality and
public health. The problem is further intensified in cities where a high concentration of people
results ina significant volume of wastgeneration(Lestari & Trihadiningrum, 2019 he influx of
individuals migrating to urban centers in developing countries like Ethiopia exacerbates this issue
Moreover, densely populated areas arelagightened risk of health hazards as diseases can rapidly

propagatéZiraba et al., 2016)



The implementations of effective waste managempractices has been identified as
essential for economic development in {m@ome countries (Scheinberg, 2010)aste
management I n Et hi opi a IS i mportant due
have access to safe dimg water with 21% in rural areas, 84% in urban areas, and 30%
countrywide. Additionally, populations in rural areas (7%), urban areas (68%), and people
countrywide (15%) have adequate access to latrines and other means of improved
waste disposalptions(Hirpe, 2021)

Eggshell is a typical example groductspecific household waswth utilizable parts still
considered solid waste (Adeogu.,al, 2018). Global egg productigrojected increasabout 90
million tons by 2030 (Ferrazt al, 2018;Muliwa, et al, 2018). As eggshells are considered
useless, most of this waste is commonly disposed of in landfills widmut
transformationinto usefulproducts (Cree& Rutter, 2015; Singh?2018). However, the management

of this waste needs adequate strategies to minimize disposal costs, reduce emaopatiution,

avoid the risk of pathogens & unpleasant odors, and reduce the availability of disposal sites
(Quina,et.al, 2017;Meng, X. & Deng, D,2016; Sarde2019). Moreover, according to European
Union regulations, eggshell is considered hazardeastes (Quinat al.,2017;Ummartyotin,&
Manuspiya, 2018)Thereforejt is indispensable to findlternative ways to convert eggshells into

valuable materials for further applications.

Eggshell and eggshell membrane waste management in Ethiopiad&/iaggconcern due to the
rapid expansion of the poultry industry. The country's increasing urbanization and changing
consumption patterns have led to a substantial rise in egg consumption, resulting in significan
guantities of eggshell and eggshell meam® waste (Haile 2023). Despite their potential as
valuable sources of calcium carbonate and protein, respectively, these materials are often discard
inefficiently, contributing to environmental pollution and health hazards. Effective waste
management sdtegies are crucial to mitigate these impacts and harness the potential benefits o
eggshell and membrane residues. Composting and bioconversion technologies offer promisin
avenues to transform these waste materials into valuable resources for agrianttuindustry.
Implementing such strategies not only addresses waste management challenges but also promo

sustainability and circular economy principles in Ethiopia’'s poultry sector (Haile 2023).



1.3 Objectives of the study

1.31 General objective
v Toidentify proteasgroducing bacteria from soil and evaluation of tlegjg shell and

eggshdlmembrane degrading capacities.

1.3.2 Specific objectives

V To identify protease producing bacteria from soil sampdgs using morphological,
biochemicalMALD TOF and 16s rRNA methods bacterial identification

V To optimize the physical and chemical conditio$ proteaseroducing bacteria for
optimum growth conditiomnd good yield of protease enzymes

V To evaluatehe activities of protease producer against egth ahd eggshell membrane

1.4. Significance of the study

Bi odegradation of waste can <contribute to
collection and dumping into landfill§.he biological treatment of wastappears to be the most
costeffective and carries lass negative environmental impdect. terms of socioeconomic
consideration, this studyill be importantbecause it pointed out some alternative mechanisms to
bring household and poultry waste management systems. The study gave some guidelin
information to policymakers, solid waste managensl @searchers about the preexisting situation

of solid waste management. Additionally, tkelation of protease from differeativironments of

soil may lead to the discovery of new proteases with unique physiochemical characteristics. It ma
also put basline information to th@extwork that would like to conduct detailed and
comprehensive studies in the area. The study may also contribute to a better understanding of tl
present status of waste management and handling practices.

Utilizing eggshell wastan various applications offers significant environmental and economic
benefits. Eggshells can be repurposed as a biological template for catalysis and antibacteri:
purposes, as well as for producing food additives, soil conditioners, cosmetics, puwen calc

carbonate, and biomaterials.



2. LITERATURE REVIEW

2.1 An overview of solid waste production over the world

The global waste productions from different sources are increasing at alarming state. These wast
are raised to about 70 % if the currertuaiion continuedCody,2018. It has been sated that
almost about 2.01 billion metric tons of house hold and municipal solid wastes are released to oL
natural ecosystem yearly based. Furthermore, the World Bank estimates that these soli
household and other wastes will be acolated to about 3.40 billion metric tons by the
coming2050(Cody,2018. According to a World Bank report by Hoornweg al, (2013), global

solid waste generation was projected to increase from over 3.5 million tons per day in 2010 to mor
than 6 million bns per day by 2025. The authors also forecasted a waste peak by 2050 in OECL
countries, by 2075 in AsiRacific countries, and a continuous rise in Africa until 2100, when solid
waste generation is expected to surpass 11 million tons per day. Theyadgmitbulation growth,

gross domestic product (GDP), and technological advancements as key influencing factors
Similarly, Karaket al, (2011) noted that the exponential growth of population and urbanization,
along with improvements in socgEconomic staglards, led to significant increases in municipal
solid waste (MSW) generation worldwide. The researchers highlighted that developed countrie:
produce 521.9959.2 kg of waste per person per year, while developing countries generate 109.5
525.6 kg per perso per year. Interestingly, a considerable amount of household waste is
concentrated in smaller geographical regions such as Kuwait and the Caribbean Islands nation
Kuwait, for instance, produces 5.72 kg of waste per capita per day of municipal sokg wisst

the lack of proper landfills in the country contributing to the accumulation of trash (Buraghain
al., 1990).

Solid wastes accumulation and its management are the major public health and environment
concern in many developing countri@Suerreroet al, 2013) In these developing country, open
dumping of solid waste is a common practice, since the bulk of these wastes are not proper
collected for managements some country like Thailé@tiemchaisreet al, 2007) The collection

of these solid household wastes, the mode of trangpatt management are the major concern
for sustainable development and environment protedt@irenget al, 2021) Chemicals which

exist within trash can run away into soil and water. Inadequately managed landfills may alsc
cause air andther environmental pollutions across the world (Charlotte, 204/2ste has a

detrimental impact on the environment, resulting in severe hazards for both humans and animal:

5



These negative effects can lead to disease outbreaks, decreased life expanthrary,unsafe
living environment. Pollution of the air, water, and soil is a direct result of waste. Air pollution can
manifest as unpleasant odors, smoke, and dust. The burning of solid waste releases greenhol
gases like carbon dioxide and nitrous oxiad®ntributing to ozone layer depletion and the
greenhouse effect (Bhat al.,2018).

The types of solid waste generated by households vary according to economic circumstance
seasons, as well as the demographic landscape and location of the areas (Birhanu, Y. and Berisa
2015). In higher income areas, more inorganic waste is gener&@eag in lowncome areas

more organic wastes are produced. The population density andcsdtci@l, as well as seasonal,
factors (e.g., fluctuations in garden waste) also affect waste volumes (Birhanu, Y. and Berisa, C
2015). Tchobanoglouset al., (1998) classified types of solid waste in relation to the source of
generation, generation facilities or activities, and locations. However, Charlotte, (2009) Classified
solid waste types based on their origin as food waste (60%), rubbish (5%), ashes ame$ resid
(25%), demolition and construction (7%), and agriculture waste (3%). On the other hand,
Cheremisinoff, (2003) classified solid waste based on their biological characteristics as
biodegradable (80%) and the other (20%) is nbimdegradable wastes. &blvastes could also be
classified based on the risk potentials associated with the waste as hazardous waste (16%) and nc
hazardous waste (84%) ( Zurbrugg, 2008pes of house hold solid waste includes; a) Organic
waste: kitchen waste, vegetables, fto®; leaves, fruits. b) Toxic waste: old medicines, paints,
chemicals, bulbs, spray cans, fertilizer and pesticide containers, batteries, shoe polish. ¢
Recyclable: paper, glass, metals, plastics. d) Soiled: hospital waste such as cloth soiled with bloc
and other body fluids.h(t t p: / / edugreen. teri . r easessed lore 2p | o
December 2021).

2.2. Risks and problems associated with solid waste

It is fact that, ifsolid wastes are not managed properly there are many negative impacts on
aesthetic, human health and environment (NEMA, 2007). Therefore, In order to control the
management activity in a good manner and have a proactive measure for sucke negati
impact, one must have a good understanding about (85%) the effects and risks that may arise frc
improperly managed solid wastes (WHO, 199R)e following are some of the most important
impacts because of uncontrolled solid waste disposal systeles afd Mosquitoes breed in some

constituents of solid wastes, and flies are very effective vectors that spread disease (Staniski


http://edugreen.teri.res.in/explore/solwaste/types.htm

2005); Waste dumps are good shelter for rats. Rats consume and spoil food, spread disease, dam
electrical cables and othmaterials and uncollected wastes cause blockage of drains, which result
in flooding and unsanitary conditions (Jayarama, 2011); Uncollected wastes degrade the urba
environment, discouraging efforts to keep the streets and open places in a cleatmaatideat
conditions (Unnisa and Rav, 2013); Dangerous items such as broken glass (23%), razor blads
(12%), needles and other healthcare wastes (34%), aerosol cans and potentially explosi
containers, (31%) may pose risks of injury or poisonpagticularly to children and people, who

sort through waste (Staniskis, 2005); Waste items that are recycled without being cleane
effectively or sterilized can transmit infection to later user (Barr, 2004).

Polluted water (leachate) flomg from waste dumps and disposal sites can cause serious
pollution of water supplies (Tasi, 2007n Africa for instance, solid waste is regarded as the
second most important environmental health concern apart from water quality as per the WHC
(Zerbock, 2003). The problems caused by solid waste in urban Africa is largely due to the explosive
growth rates, particularly in seBaharan Africa, which eventually translates into generation of
copious amounts of solid wagteasha 2017) At the dumpsites, garbage and food leftovers attract
animal rodents and insect vectors transmit diseases to the people leaving nearby Flies ar
mosquitoes breed in the blocked drains and these are vectorsrdeat diseases such as malaria
(Basha 2017)Emission of bad smell is major other problems they encountered in addition to its
health problem Getachew and Habtamu (20¥8aste that is treated or disposed of in
unsatisfactory ways can cause savere aesthetic nuisance in terms of smell and appearance
(Zurbrugg, 2003); Fires on disposal sites can cause major air pollution (32%), causing illness (23%
and reducing visibility (4%), making disposal sites dangerously unstable, causingoagplos
of cans (8%), and other related diseases (32%) possibly spreading to adjacent proper
(Landreth and Rebers, 1993).

2.3. Waste management

Waste management is the collection, transport, processing, recycling or disposal, managing ar
monitoring of waste materials. The term usually relates to materials produced by human activity
and is generally undertaken to reduce their effect on headtterthironment or aestheti(®ereje,

2001) It has been reported that waste management used to recover resources from pervious ignor
wastes. Waste management can involve solid, liquid, gaseous or radioactive substances, wi

di fferent me t dxpedise foraeachWakteé entadagesnent practices differ for



developed and developing nations, for urban and rural areas, and residential and industri;
producergDereje, 2001)Management for nehazardous waste residential and institutionalste

in metropolitan areas is usually the responsibility of local government authorities, while
management for nehazardous commercial and industrial waste is usually the responsibility of the

generatorgDereje, 2001).

2.3.1 Solid Waste managesnt practices

Collecting and managing solid waste is an important challenge for countries across the world. Thi:
problem is often magnified in cities where a dense concentration of people leads to a substanti:
amount of waste generation (Contireau, 2004)developing countries like Ethiopia, this problem

is increased by an influx of people moving to urban centers (Dereje, 2001). Densely populate
areas are more susceptible to health risks as disease can be spread quickly (Chéftow, 20(
The implementation of effective waste management practices has been identified and used ft
many years as essential for economic development in low income countries in particular
(Scheinberg, 2010). Urban centers are usually the hardest hit s &ffdevelop and grow lead to

an influx of economic opportunities and people (Gilbert, 2013). In the middle ages the Bubonic
Plague swept through cities as solid waste was improperly disposed of in the roads (Awetast
2003). Given the tragic consequenadsthe past, it is vital that improving waste management
practices in the growing cities of Ethiopia be a top priority (Kuma, 2004). Most of them tend
to focus on the technical dimensions of the municipal waste management, such as estmating
amount of solid waste composition (i.e. 89.4% around Adama city) (Lemma, 2007). Systems tha
should be put in place (e.g. new sanitary landfill, transfer stations, composting sites, new truck:
and containers, data on waste generation, and wastgosiion) in order to improve the capacity

of the management in the <city (Dereje, 201
management and refer to lack of data on waste generation, of recycling activities, lack of prope
transport schedules, poor sanitary landfill, and a low level of awareness among the citizens

as the main obstacles (Zelke, 2005).

Waste management is complex and, has technical, social, economic, cultural, and political aspect
Some studies have followed h e neol i ber al di scour se, ar
willingness to pay for waste services as well as the role of the private sector in the provision ©
wast e management (Ot eng, 2010) . dexmandint h i

geographical and population size, solid waste is swiftly emerging as a significant issue in

environmental management (NEMA, 2005uccess of any municipal solid waste management
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system relies on precise data about the quantity and types @fiah@eing generated as a waste.
Waste composition studies are also essential to any proper waste management strategy for a neec
estimate potential materials recovery, to identify sources of component generation, to facilitate
design of processing egument, to estimate physical, chemical, and thermal properties of the
wastes, and to maintain compliance with regulatigBasha Gedefa Bulto, 201K) most
developing countries, however, even the most basic data on waste such as the quantities genera
and composition of the waste stream are lacking, making it difficult to organize waste managemen
effectively (Hardoyet al, 2001). It is thus, a prequisite for all program managers of SWM to have
detailed information about the nature and quantity of solid waste generated in order to se

appropriate management strate(fiasha Gedefa Bulto, 2017)

2.4. Eggshell and eggshell membrane as a waste

Global egg production has reached 5.8 ¥ kg per year, with approximately 167 eggs consumed
per person per yeaQ(inaet al., 2017 ; Xiacet al., 2014). Malaysian egg consumption is reported

to have increased from 2.2 kg (1961) to 17.9 kg (2017peeson. This consumption surpassed that

of Americans in 2017 (15.6 kg per person). In addition, China is not only the second largest
economy in the world, but also had the highest egg consumption in 2017 (22.7 kg per person) (UC
2021). As the consumptiaof eggs increases worldwide, large amounts of eggshell waste (ES) are
generated and the egg industry is often abandoned and the waste sent to landfills. Large volumes
ES waste are not profitable due to limited handling in landfills. In addition, e§gsbaibranes

(ESM) are rich in protein, which attracts rodents and pests. Disposal and management of ES was
is therefore costlyWaheedet al.,202Q Sonenklar, 1999 Currently, there are no estimated costs

for ES waste management in landfills in Malaydbut his ES waste management costs for egg

processing plants in the United States are approximately $100,000 peviygaar(iet al, 2020).

Hen eggs constitute one of the most important food resources in the framework of worldwide
feeding. They are an important source of essential nutrients to human diet providing proteins, fat
soluble vitamins (A, D, E and K) and tragenerals like iron anainc (Pirvutoiu and Popescu,
2012; Robertet al.,2005). In terms of waste generation in egg breaking operations, eggshell (ES)
obtained from processing the raw material (shell eggs) is identified as the main prepessuay,
regardless of the egg pnact obtained. In the literature, some data are available to quantify the
specific waste index of ES. Russ and Pittroff (2004) for example indicate that ES represents 3 ti

12% of the egg mass product obtained, depending on the egg shell properties (sihelland
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thickness). In addition, Jewadt al, (1975) have monitored waste and wastewater production in an
American egg breaking industry during three days, and again concluded that ES may represent 13
of edible egg product output.

The shell weighs aboutl% of the total mass of the egg and consists of calcium carbonate (94%),
magnesium carbonate (1%), calcium phosphate (1%) and organic matter (4%) (Wwet%l,C.
2013; Stadelmaat al.,2000). Eggshell could be the starting material to prepare hydvakie for

the sustainable treatment of water polluted by toxic metals (De Angeés, 2017; Franciset al.,

2016). In addition, the conversion of eggshell waste in to sorbent material for toxic metal
remediation may reduce the mining impact on tlaural reserves of phosphate rock that is

included in the European Commission List of critical raw matefiignardiet al.,2020)

2.4.1.Eggshell and eggshell membrane waste Ethiopia

In Ethiopia, eggshell waste management remains a critical environmental challenge due to it
substantial volume and limited recycling infrastructure. Eggshell waste, predominantly generatec
from poultry farms and households, poses significant disposal issues, contributing to environmente
degadation and health risks (Alem@020). Despite effortsto promote sustainable waste
management practices, including composting and incorporation into agricultural soils, the scale o
eggshell waste generation often surpasses the capacitgffective utilization (Alemu2020).
Addressing these challenges reqsi coordinated efforts among government agencies, private
enterprises, and communities to develop comprehensive waste management strategies that prioriti
both environmental sustainability and public hedhhEthiopia, the accumulation of eggshell veast
presents a significant environmental burden, exacerbated by the country's burgeoning poultr
industry. With poultry farming expanding to meet domestic and export demands, the volume of
discarded eggshells has surged, straining waste management sysepwsiag environmental
hazards (Alemu 2020). Improper disposal of eggshells not only clogs drainage systems but als
contributes to soil and water contamination due to the slow degradation of calcium carbonate
residues. Addressing this issue requires urgéention to develop efficient degradation strategies
that can integrate eggshell waste into sustainable agricultural practices (Alemu 2020). Sucl
strategies could include composting, where eggshells can be processed into-mchrientilizers,

or innovative technologies that facilitate their breakdown into bioavailable forms beneficial for soil
health. By adopting these approaches, Ethiopia can mitigate the environmental impact of eggshe

waste while promoting agricultural sustainability and fooolsigy (Alemu 2020).
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2.4.2. Structure and composition of eggshell and membrane

Eggshells, which form the outer skin of avian eggs, are naturally porous bioceramics. It has bee
extensively studied since 196Bhe chicken eggshell is a natural porous bioceramic resulting from
the sequential deposition of the different layers within the segments of the hen oviduct over &
predetermined period. It is a perfectly ordered structure with a polycrystalline orgamizatio
throughout the calcified shell described in many reviews (Hamilton, 1986; Tullet 198&t ldiys

1999, 2001, 2004)The structure of eggshell and egg membrane is better understood today thanks
to scanning electron microscopy and microfocusa)s Scaering techniquegLammie et al.,
2005)However, there is some ambiguity regarding this Configuration still exists. The eggshell
which consists of various different layers can be described as -argelized structure, the
formati on of whi ch begins at di fferent
proteins (soluble and insoluble) and minerals deposited during eggshell formation and then
consumed by the eggshell Developing embryo. Insoluble proteins have been suggested to functic
as structural proteins Scaffolds and soluble proteins are embedded in the calcified layer. O
Deposited and mobiled calcium is used in embryonic development and formation skeleton
((Lammieet al.,2005 Stadelman and Cotterill 1996).

The shell of an egg consists mostly of calcium carbonate (95%) and a small amount of organi
matrix (3.5%) can be divided into six different layers (from inside to outside) (Nys and Gautron
2007) . I nner shell me mbr ane f and imslirect comtactiwithn e r
albumen proteins. The outer membrane which lies just above the inner membrane is approximate
50um thick and iis located between the inner membrane and the calcified part of the Bbéil,

the inner membrane and the oudembrane are made up of interwoven protein fibers and lie
parallel to the egg surface providing structural support to the eggshell as a whole (leammie
al., 2005; Nys and Gautron 2007)his structure is important in acting as a barrier Bgfai
microorganism penetration. Their organic composition has been subject to contiidwereygshell
membrane has a great influence on shell strength and also prevents shell damage from Invasion
microorganisms. Shell membrane proteins have been faudd this it contains a lot of arginine,
cystine, glutamic acid, histidine, methionine, and proline (Stedelmann and Cotterill, TI#96).
identification of desmosine and isodesmosine suggested the presence ofliktaginoteins
(Leach, 1982) but did ndit with the low concentration of glycine. Presence of hydroxylysine
revealed presence of collagen, which was identified by immunohistochemistry as collagen types |
V, and X (Ariaset al., 1997; Wanget al., 1984, 2002). However, the bulk of the aminodaci
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composition differs from collagen and suggests that collagen is not predominant but that a uniqu
protein containing lysin€lerived cross links may be present (Leach, 1982).

The calcified part of the shell (consisting of calcium carbonate crystalspdéges the adventitia

and can be divided into three layers. Breast layer, Palisade and vertical crystalline layers (Lammi
etal.,2005) . Breast |l ayer forming the inner most
eggshell penetrates the outer meamear by numerous carbonates corn. The initiation of formation
of calcium carbonate crystals occurs at: Nipples, which are organic nucleitddpadsiing egg
formation(Lammieet al.,2005).The inner calcified layer (cone or mammillary layer) is about 70
pum thick and is composed of basal parts of calcified columns and cones that penetrate the out
eggshell membranes. On the surface of the outer eggshell membranes some organic cor
(mammillary knobs) are deposited during the passage of the forming egg in the red isthmus. Thes
organic cores are the seeding sites on which the calcium carbonate crystals deposition is initiate
beginning with a spherulitic deposition of microcrystals of caldfthe calcium carbonate
polymorph of the shell) around the mammillary knobs resulting in hemispherical nucleation centers.
The palisade layer (200 um thick) lies above the mammillary layer and forms the major portion of
the calcified layer of the eggshellin this layer the calcite crystals grow perpendicular to the
eggshell membranes. It also has a small portieB62 of organic matrix incorporated in the calcite
crystals. Pores formed in the palisade layer help in the exchange of gases. The forimmties o
takes place when the adjacent crystals fail to fully join each other along their side surfaces, leavin
a gap between the crystals. The palisade layer gives way to the vertical crystal layer (eaaimie
2005; Nys and Gautron 2007 ; Stadelmad @otterill 1996).The vertical crystal layer which is
about 8um thick is a very narrow/thin layer and consists of the upper most part of calcite
crystals which provides a surface for the formation of the cuticle (Lastraie 2005; Nys and
Gautron 2007Y.he palisade layer extends beyond the bases of the cones and ends in the vertic:
crystal | ayer . Ités a narrow band of wvertic:
shell surface.

The cuticle is the outemost water insoluble layer of the eggshell §1B0 pm thick)
(Lammieet al., 2005; Nys and Gautron 2007). The layer is largely an organic layer with protein
contents as high as 90% and with a high content of cystine, glgtitemic acid, lysine

and tyrosine. Fructose, galactose, glucose, hexosamines, mannose, and sialic acid have be
reported to be present as constituents of the polysaccharides (Stadelman and Cottettll 1996)
contains a thin film of hydroxyapatitgystals in the inner part of the cuticle (Deneisal,1996).

The cuticle clothes the shell and plugs the pores, thus preventing microbial penetration. Using
SEM, cuticle ha a cracked appearance (Soloni®91) that is a feature of drying. Cracks are
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esential for the exchange of gas via pores. It is of variable thickness and may even be missing, ar
is composed of glycoprotein, polysaccharides, lipids and inorganic phosphorus including hydrox
yapatite crystals (Dennet al.,1996; Fernandeet al.,2001, Whittow, 2000). This layer, as well as

the outer portion of the calcified shell, contains the eggshell pigments responsible for shell color.

24.3. Polypeptides and polysaccharides of the eggshell and membrane

Since 1990, numerous efforts have beamried out to identify and characterize the protein
components of the calcified shell and the organic membrane. Matrix proteins have beel
identified using various biochemical and molecular biological techniques. The previous studies in
combination with the recent development of the functional genome tools and the sequence «
the chicken genome have led to the identification and characterization of a variety of eggshe
matrix components (Gautron and Nys, 2007). The emckeggshell matrix is a complex
mixture of interwoven protein fibers and polysaccharides with at least 70% of the matrix being
proteins (Gautron and Nys 2007). It was estimated that 11% of the matrix is polysaccharid
that containschondroitin sulphate A and B, dermatan sulphate, hyaluronic acids, keratan sulphate
and uronic acids (Gautron and Nys 2007). Ovalbumin, which is an egg white protein, has bee
observed to be localized in the mammillary knobs of the eljgsh&o other major egg white
proteins, the Ilysozyme and ovatransferrin were identified at the basal parts of the eggshe
(eggshell membranes, mammillae) (Gautron and Nys 2007). Various glycoproteins such a
osteopontin (a phophorylated glyeofein) and clusterin (a secretory disulphimEnded
heterodimeric glycoprotein), have been reported to be localized in the different layers of the
mineralized and nemineralized parts of the eggshell (Gautron and Nys 2007).

A number of proteins havbeen found to be novel and specific to the eggdsfhedly are

only secreted by tissues where eggshell formation takes place and have only been identified i
domestic hens. Ovocleidithi7 (OG17) was the first matrix protein purified to homogenéiiyncke

et al., 1995). It is synthesized in the tubular gland cells of the uterus and secreted into the uterine
fluid in relative abundance during the calcification growth phase. It is present throughout the entire
calcified part of the shell. Ovocleidinl6 (OG116) was the first eggshell matrix protein that was
cloned (Hinckeet al., 1 999) . ltdéds a 80 ka protein {742
glycosylation and two disulphide bonds (Maginal.,2002). This protein is secreted in the uterine
fluid during the active calcification phase and is abundant in the palisade layer of the shell.
Ovocalyxin T 32 and 25, Ovocalyxin 36 , are localized in various layers of the calcified shell

(Gautron and Nys 2007). High contents of arginine, glutamic acid,iongtk, histidine, cystine ,
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hydroxyproline, hydroxylysine, and desmosine were found in proteins of the shell membranes
(Gautron and Nys 2007).Proteins such as collagen which hold high economic and monetar
value have been reported to be presn eggshell membrane (Arias al., 1990; Wonget al.,
1984a).

2.4.4. Potential uses of separated eggshell and membrane

Eggshell which forms the outer crust of an egg is aetbhle product with very limited use &
value and is largely disposed ofasvaste. There has been an exponential growth in the processed
egg industry with 30% of the egg produced in United States today, is consumed by the processe
egg industry. According to an estimate by the United States Department of Agriculture, the egc
processing industry consumed 25.6 million cases of egg in 1984, to manufacture liquid and dry eg
products. In 1997 the same industry consumed about 50 million cases of egg, producing mo
than 120,000 tons of Unprocessed egg shell waste gploshl costs between $ 25,000 and $
100,000 per year (MacNeil, 2001).

Keeping in mind the high disposal costs which continue to increase due to increase i
landfill taxes and increasing environmental concerns, it is necessary to fincratale method
which would transform the waste eggshells into a valuable item; giving financial benefits to the
competitive egg processing industry. Apart from giving manufacturers a new profit stream it
would help overcome the high dispb costs and environmental concerns (MacNeil, 2001,
2006).There are many uses of separated eggshell and membrane (MacNeil, 2001) but not ma
when they are attached. The following section gives a brief review of various potential uses o
separatedggshell and membrane.

Collagen: Collagen constitutes 10% of the total protein content of the egg membrane
(MacNeil , 2001, 2006). Collagens of type I, V and X have been identified in the eggshell
membrane (Ariaset al., 1990; Wonget al., 1984a). A lot of emphasis has been given to the
presence of collagen in eggshell membrane due to its important economic and monetal
value. Collagen finds wide scale usage in the field of biomedical applications, such as skil
grdts, tissue replacement products, plastic surgery, cornea repair, prosthetic implants etc (De Vor
et al.,2007; Longet al.,2004 ; MacNeil , 2001, 2006). Apart from its biomedical uses it is widely
used in food industry for production of gelatKeeping in mind the 1997 estimates, 120,000
tons of eggshell waste would yield 110,000 tons of eggshell and 10,000 tons of membrane
Considering that 10% of membrane is collagen, it would yield 1,000 pounds of collagen which is

presently priced at $000 per gram or about $ 454,000 per pound (MacNeil, 2001). Collagen is

14



generally derived from bovine tissues and to lesser extent human collagen is also used. There are
number of issues associated with use of bovine collagen, such as the piasgi@ssion of
bovine spongiform encephalopathy (commonly known as the mad cow disease). Though th
possibility/ risk of transmission are very low but it calls for the maintenance of a well
isolated and expensive herds. Also it @stimated that 2% to 3 % of the population is
allergic to bovine collagen. Therefore, extraction of collagen from the eggshell membrane
would help to overcome the issues associated with the use of bovine collagen (MacNeil, 2001
2006).

Lysozyme and Avidin: Lysozyme finds wide scale usage in food and pharmaceutical
industry due to its antibacterial properties. Lysozyme has been reported to be present in she
membranes and in the matrix of the calcified shell (Hinetka., 2000). The main application of
lysozyme in the food industry involves the inhibition of clostridium tyrobutyricum during
cheese maturation. Its application in pharmaceutical industry, involves the preparation o
Aaer os ol seatmentoaf bronchiopulmonary diseases and for its prophylactic functions
relating to dental caries. It is also used in droplets for nasal tissue protection and variou:
therapeutic creams designed for the protection and topical trepaoé certain dystrophic and
inflammatory lesions of the skin and soft tissues, e.g., burns, viral diseases such as Herpes al
shingl es, as wel |l as for the treat ment 0
Kijowski, 2007). Oral adminisaition of lysozyme has been reported to induce immune stimulation
effects in guinea pigs (Namka al., 1981).Avidin finds wide scale usage in biomedical industry.
Due to its high affinity constant for biotin, it is widely used in molecular bioltsphniques

such as Enzyme Linked ImmunoSorbent Assay (ELISA), molecular recognition and labelling,
affinity chromatography, cytochemistry and histochemistry (Wilchek and Bayer 1990).
Ovotransferrin (Conalbumin): An iron binding protein present ibirds which is widely used for
delivering iron to cells and inhibiting and/or controlling bacterial multiplication. Also, the antiviral
activity of ovotransferrin towards chicken embryo fibroblast infection by avian herpes virus
has been reptad. Ovotransferrin was found to be more effective than human and bovine
lactoferrins in inhibiting the same (Giansamti al., 2001). Ovotransferrin is also used as a
nutritional ingredient in many irefortified products available in the miat today such as iron
supplements, iron fortified mixes for instant drinks, sport bars and protein supplements ant
iron-fortified beverages. Ovotransferrin was shown to be effective against acute enteritis in infants
(Cordaet al.,1983).

Ovalbumin: Ovalbumin is the first egg white protein that was also observed in the shell. It is
localized in the mammillae of the eggshell and is secreted in abundance in the uterine fluid at th

15



initial stage of eggshell formatiorgautronet al,. 2010)Therefore, in the hen oviduct it appears
likely that ovalbumin is present in the uterine fluid when the proteinaceousatghessmammillary
bodies are formed, and it is incorporated into these structures. Although ovalbumin represents moi
than 50% of the egg white proteins, a specific function has not yet been defined. One proposed ro
for ovalbumin is that of metal ion tmiaport and storage and its ability to bind a variety efadd
tri-valent cations, including Ca2+ at a specific site would support this concept. Moreover,
ovalbumin may affect calcite mineralization, since it accelerates the nucleation of calcium
carbonat in an in vitro precipitation ass@jincke, 1995) Reported to be present in the
mammillae of the eggshellGautron and Nys 2007A purified ovalbumin finds widescale
usage in molecular biology techniques, such as Enzyme Linked ImmunoSorbent Assa
(ELISA), Western Blding (used as blocking agent), in SIFAGE ( Neova Technologies).
Chondroitin sulphate: It forms important structural components of the cartilage largely
responsible for giving it the resistance against compression. Along with glucosamine it is now
widely regulated as a dietary supplement in many countries including the US (National
Centre for Complementary and Alternative Medicine, USA). It also forms an integral component
of the alternative medicines used to treat osteoarthritis and along with glucosamine
chondroiton sulphate finds application in veterinary mediginEorsyth et al., 2006 2014)
Chondroitin sulfate has been found to play an essential role in promotitiggeahealth and
potentially treating osteoarthritis through its impact on chondrocytes and the structure of
cartilagé€Bierbraueret al., 2014) In addition, chondroitin sulfate is believed to promote water
retention and elasticity in cartilage, as well as exert-iaflimmatory effects by protecting
cartilage against the damaging effects of free radicals. Moreover, chondroitin sulfate is also knowr
for its antrinflammatory and antiapoptotic effects, which contribute to its increasing utilization in
the treatment of osteoarthri{iduanget al.,2015)

Hyaluronic acid: Hyaluronic acid is another substance of high monetary value which is naturally
present in and is a constituent of eggshell membrane. The total hyaluronic content of eggshe
membrane is estimated to be betweeni 019% (Longet al.,2005). Hyaluronic ad is actually a
glycosaminoglycan (GAG) which is found in many body tissues such as cartilage and skir
and is responsible for increased resistance to compression in some tissues. Because of h
hydration capacity/ability of hyalonic acid (Longet al., 2005), it finds wide scale usage in
cosmetic creams claiming to make the skin appear smoother by hydrating the skin (wikipedia.org)
Various studies have reported/ demonstrated hyaluronic acid to be an effective treatment f
rheumatoid and osteoarthritis (FDA). Fastening of the wound healing process and reduction in th

appearance of old and new scars by the administration of hyaluronic acid has also bee
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reported. US. Pat. No. 6946551 held by Loeig al., (2005) describes a method of
preparation/extraction of hyaluronic acid from eggshell membrane.

Amino Acids: The eggshell membrane and the eggshell is known to be rich in arginine, glutamic
acid, methionine, histidine, cystine, hydroxyproline, hydroxylysine, desmosine, lysine, leucine,
isoleucine, tyrosine, phenylalanine and trytophan which when extrwaotéd find wide scale
application in the biomedical, food, cosmetic and pharmaceutical industry (vlad, 2007). The
eggshell has proteins like Ovocleidih7, Ovocleidinl6, Ovocalyxini 32 and 25, Ovocalyxin 36
which are novel and unique to eggshell rheame and have new potential applications (Gautron
and Nys, 2007).

2.4.5. Therapeutic and cosmetic applications

Much importance has been given to the presence of various therapeutic and cosmetically activ
components such as collagen, hyaluronic acidcagamine, chondroitin sulphate present in
eggshell membrane having potential applications in cosmetic and pharmaceutical industries
The following components when extracted from other natural resources demands for significan
processing costdue to the presence of these compounds in low quantity or due to the
additional costs levied to obtain these compounds in the desired purity. Therefore, the extractio
of these compounds from egg membrane, which is typically aewastduct, is expected to
reduce the cost Considerably. Also, depending upon the targeted application the composition
percentage of the compounds can be altered to serve the purposet(abrizp04).

US patent no. 2007/0178170 held by Deveral., (2007), discusses the aitflammatory
properties of eggshell membrane and processed eggshell membrane preparations. Eggst
membrane was reported to be an ideal $pidkness skin graft (STSG) donor site dressing. It
exhibited proprties of pain relief; wound protection, promotion of healing (Yah@l., 2000).

Also, dried norfibrous egg membrane products assisted and stimulated healing process in damage
mammalian tissues such as the tissues lost or damaged due to cuts, imunssandilcerations
(Neuhauser, 1965).

2.5. Microbial protease; Protease enzyme

Microorganisms are good source of protease. This is because microbes have broad biochemic
diversity, susceptibility to genetic manipulation, and possess almost all characteristics desired fo

their applications in biotechnology. Due to these proteases microbial sources are preferred
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over the enzymes derived from plant and animals. Among microorganisms, Bacteria and fungi ar
the most prominent source of this enzyme (Abrar, 2017). Among bactedst commercial
protease are produced Bwacillus speces such a8. cereus, B. circulans, B. firmus, B. lentus, B.
licheniformis, B. pumilus, B. sphaericus, B. stearothermopflahdgB. subtilis. Among fungi,
species such aAspergillus candidus Aflavus A. fumigatus A. melleus A. niger A. oryzae, A.
sojae, A. sydowi, Chrysosporium keratinophilum,Conidiobolus coronatus,Entomophthora coronata,
Fusari Rhizopus oligosporare tend to produce protease enzymes (JBshad., 2013). Microbial
protease can be extracellular or intracellular. Extracellular proteases carry out protein hydrolysis
in fermented media and enable the cell to absorb and utilize hydrolytic products.
Intracellular proteases have application in various cellatett metabolic processes, such as,
sporulation and cell differentiation, protein turn over, enzyme maturation and hormones and also i
protoxin activation of Bbased biopesticides (Jishet al., 2013). Protease from microbial
source highly décted by types of strain, nutritional source and different physiochemical factors
including pH, temperature, carbon and nitrogen sources, inorganic salts, agitation, and dissolve
oxygen concentration. There is no defined common medium for mofmasluction from
different microbial sources and every microorganism or strain has its own kind of requirement for

maximum enzyme production (Kasagtaal.,2011).

Proteases are class of large and complex group of enzymes which sometimes known &yf nam
peptidytpeptide hydrolases, that catalyse the hydrolysis of peptide bond from protein
molecule into polypeptides or free amino acids. Protease enzymes are found in all living
organisms; plant, animal and microorganisms (Palsagtigh, 2012; Sharmaet al., 2014). Acid,
neutral and alkaline are the main class of protease based on theibaseidbehaviour.
Mostly fungi produce acid protease with optimum P#.2Neutral protease has an optimum pH

of 7.0 or around ahis obtained mainly from plant source. Alkaline protease has pH of 8 and above
(Khanet al.,2011). Protease enzyme accounts for approximately 60% of the total world enzyme

production, of which most are alkaline protease (Palsastiyal., 2012).

Microorganisms are a good source of protease. Proteases are essential constituents of all forms
life on earth, including prokaryotic and eukaryotic organisms. The inability of the plant and animal
proteases to meet the current world demand ha®lad increased interest in microbial proteases.

The proteases available today in the market are derived from microbial sources. They are general
preferred to other organisms for the production of enzymes because of their fast growth, thei
limited ace requirement for cultivation, and the fact that they can easily be genetically
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manipulated to produce new enzyme(Josephira., 2012). Bacterial proteases have come to
represent one of the largest classes of industrial enzymes, aogotmt 40 % of the total
worldwide sale of enzymes (Rast al., 1998). Of these, strains @acillus sp dominate the
industrial sector (Guptat al, 2002bProteases have enormous applications in the manufacture
of soy products, detergent, dairy industry, tanning, feed processing, baking, textile, photographi

, brewing industries and waste management (Setghl.,2015).

2.5.1. Protease enzye producing bacteriaand Production method

Protease enzymes are crucial for various industries, and bacteria, particularly species like Bacillu:
are recognized for their higkvel production of these enzymes (Khusro, 2016). Research has
demonstrated #t bacteria from diverse environments such as marine sediments, soil samples, an
leather industry effluent are potent protease producers (Fasiku et al., 2020; Masi et al., 2021; Anal
Atulomah & Nwachukwu, 2021). The ability of bacteria to produce proseesaot restricted to
specific habitats; bacteria from extreme environments like hot springs, glacier regions, and sod
lakes have also been found to produce proteases (Salwan et al., 2010; Ibrahim et al., 2015; Fachr
et al., 2021). Moreover, the optimation of protease production from bacteria isolated from various
sources highlights the potential for utilizing these enzymes in different industries (Balachandran e
al., 2021; Jamaludin et al., 2019). The interest in proipas#fucing bacteria extends different
geographical locations, with studies focusing on bacteria from regions like Indonesia, India,
Algeria, and Brazil (Nourine et al., 2023; Murab et al., 2017). The diverse range of bacteria capabl
of producing protease enzymes underscores $ignificance in biotechnological applications and
industrial processesProtease enzymes are widely produced by bacteria through various
fermentation techniques. One common method involves submerged fermentation, where bacter
are cultured in a liquid edium under controlled conditions of pH, temperature, and oxygenation.
Bacterial strains such &acillus subtilisandBacillus licheniformisare often employed due to their
robust enzyme secretion capabilities and adaptability to industrial settings (Adrio & Demain, 2014).
Solid-state fermentation is another approach utilized, particularly inclust production setups,
where bacteria grow omsolid substrates like agricultural residues or industrialptogucts.
Optimization of fermentation parameters, including nutrient composition and culture conditions,
plays a crucial role in enhancing protease yield. These methods not only facilitaésneéizyme

production but also support sustainable practices by utilizing renewable resources as substrates.
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3. MATERIAL AND METHODS

3.1 Description of study area

The study was carried out in Nekemte town, situated in the East Wollega zone of wdstgia Et

Nekemte is positioned 335 Km west of Addis Ababa, along the main road to Asosa. It is located a

QU046 north | ati

tude

and

38U306

east

l ongi t

above sea level. The town experiences a long wet pldodlate May to early September, with an

annual rainfall ranging from 1,500 to 2,200 mm. The average annual temperature in Nekemite

ranges

f r o mThe 40l €amyles weRedlie@ted from two different sites of the city one

from Sada cake bakery st@ accumulation site found in the city and urban based arable land found

in the city.
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Figure 1. Location of the study area from where the samples were collected

3.2 Soil sample collection

To isolate these Proteapeodudng bacterial isolates (PPBIgil samples were collectdromtwo

areassuchas arable langresent in the city for urbabasedcultivation and cake bakery waste

accumulation sitef Sada bread and cake bakesinga sterile spatula from-50 cm depthand

transferred to different labeled sterile poly bags. The collected soil sawgresransportetb

Wollega University, Department of Biologgnd microbiologylaboratory.For screening athese

PPBIs, 1gm of the was®oil samplefor the cake bakery and soil samples for the arable Waasd

weighedand serially diluted up to 10in sterile distilled water. About 0.1 ml from the last two

dilutions were spread onto a plate on Nutrient agar plates ( Peptone 5.0, Yeast extractf1.5, Be
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extract 1.5, Sodium chloride 5.0, and Agar 15a0)d incubated at 8G for 24 h. Bacterial colonies

with distinct characteristics were further transferred on nutrient agar slants and maintaf@ed at 4

3.3. Inoculation and screening of protease produeg bacteria

3.3.1 Primary screening of protease producing bacteria

Primary screening of bacterial isolates was made to screen protease producers using skim milk ag
medium (g/L) (peptic digest of animal tissue, 0.5; beef extract, 0.15; yeast extractad 0.5;

milk powder, 1; agar, 1.5, pH 7.0 £ 0.2) (Bhakthavalsalam & Muthusamy, 2018) and well diffusion
on gelatin agar plates (Muthusamy, 2018). It was performed by spot inoculation of all the pure
cultures onto skim milk agar plates. The cleararmeeZormed around the bacterial colonies due to
proteolysis was measured by ruler after4®h of incubation period at 3C. The bacteriaisolates

with largeclear zones were selected and subjected to a secondary screening procedure.

3.3.2 Secondarnscreening of potential protease producing bacteria

The protease enzympmroducing bacterial candidates selected from the primary screening
experiments were subjected to a secondary screening. One milliliter of each candidate bacteri:
inoculum was inoculateto 50 ml of nutrient broth medium and incubated &C36n 150 rpm
shaking condition. After 24h of incubation, the bacterial cultures were harvested by centrifuging at
10,000 rpm for 15 min at 4°C and the culture supernatant was collected. Skim mititadgs (2%

skim milk) were prepared and wells were made using a 5 mm sterile cork borer. Then 10 pl of
culture supernatant of these isolates were loaded in the milk agar wells and incubated at 30°C for Z
h. After the incubation period, the supernatasdpable of producing clear zones were screened
based on their clear zone sizes. The relevant colonies were then picked and streaked for growir
into pure cultures. Thus, pure colonies that showed the significantly larger diameter of clear zone
were furthe grown subsequently on nutrient agar medium. The selected colonies were preserved o
nutrient agar slant at°@ for further study. The maximum protease producing bacterial isolates
were selected and identified on the basis of morphological, biochemiagdctéristics, protein

profiles, and molecular techniques
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3.4 Characterization of bacterial isolates

The bacterial isolates obtained using primary and secondary screening methods were furthe
characterized and identified through morphological and bioatena@nalysis as described by
Bergeyds manual of determinative microbiolo
Gram staining, motility test and Endospore staining. In addition to cultural characterization of the
isolates on agar plates (which lide observation for colony morphology as colony shape, size,
margin, elevation, opacity, texture and pigmentation). Further characterization of the isolate wa:
done using biochemical tests, which include catalase test, carbohydrate fermentationatest, citr
utilization test, HS production test, gelatin liquefaction test, methyl red test, starch hydrolysis test

and voges proskauer (VP) test.

3.4.1 Morphological characterization of bacterial isolates

To identify the bacterial isolates that are closebtated, screening was executed using
morphological characteristics of the bacterial isolates including colony morphology, cell shape, cell

structure, motility, endospore staining, and

Motility test: Semisolid media was prepared by mixmgtrient broth 35%, nutrient agar 65%, and
casein 1%. The semisolid media were cooled and inoculated with a straight inoculating needl
bursting about 3 cm down into the medium. It was then incubated’@tf80 24 h. PPBIs were

considered as motile based its dispersed form of growth

Gram staining: Gram staining was performed according to the standard procedure. A smear of
bacterial cells was prepared on a clean glass slide following heat fixation. The heat fixed smear we
treated with crystal violet &ation for 1 min following washing it with running water. The smear
was again treated with gram iodine solution for 1 minute following decolorizing it with 95% ethyl
alcohol for 1015 seconds and rinsed with water. Finally, safranin was added as cdaimefe

60-80 sec and washed with water, dried and cells were examintkt oil immersion microscope.

3.4.2 Biochemical characterization of the best isolates

Catalase test:A drop of 3% hydrogen peroxide §8,) was used to detect catalase. A drop of 3%
H,O, was added to amvernight bacterial culture cell on a clear glass slide and mixed well with the
help of sterilized loop. Formation of air bubbles indicated catalase positive and no bubble indicate

catalase negative.
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Starch hydrolysis: Starch hydrogfsis test was carried out using single streak inoculation of
the bacterial isolate investigation on to the center of labeled starch agar plates using an inoculatir
loop. The cultured plate was incubated for 24 h and a zone of hydrolysigalf etas observed

arourd the line of bacterial growth.

Gelatin hydrolysis: Gelatin media were prepared and sterilized using an autoclave at 121°C. Stab
inoculation was made using an inoculating loop, from each culture into its appropriately
labded deep tube of nutrient gelatin. The tubes were incubated %@ &0 48 hours.After
incubation, the tubes were placed in the refrigerator at 4°C for 30minutes. The tubesatarere |

observed for liquefaction.

Oxidase test:The impregnated oxidase disc strips were placed over a clean sterile petri plate or
glass slide which was moisturized with sterile deionized water. A well isolated colony of test
bacteria from a fresh 24hour old culture were picked up with sterile inoculating loop and made
smear orthe oxidase dics/strip. Color changes were observed within time requiredaiogecin

color up to 60seconds.

Simmons citrate utilization test: Isolates were tested to determine the utilization of citrate as
the sole source of carbon for tafgolism. Simmons citrate agar slant was prepared and
sterilized. After cooling the medium, the bacteria isolates were inoculated into the medium and
incubated for 24 h at 8. The color change of the medium from red to green indicates a positive
test. The remaining of the medium as red indicates the bacteria cannot utilize citrate. The contro

was kept without being inoculated

Carbohydrate fermentation test Carbohydrate fermentation test (test for gluceserose, lactose

and mannitolfermentation) was carried out under anaerobic condition in which a Durham tube was
placed in an inverted position to trap the gas bubble formed due to the production of gas. Th
fermentation broth contains ingredients of nutrient broth, a specific carbohydrate (L&ttasse,
Mannitol, and Sucrose separately), and a pH indicator (phenol red), which is red at neutral (pH 7
and turns yellow below a pH of 6.8 due to the production of an organic acid. The isolates showing
the color change from pink to yellow with accompiaig production of a gas bubble in the

Durham'’s tube indicated that the sugars (glucose, seicaod lactose) were fermented

Triple Sugar Iron Agar Test: Isolates were tested to determine the ability to ferment the

carbohydrates (Glucose, Sucrose and daset The test organism was inoculated into the slant
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media by means of stab and streak inoculation. An uninoculated tube was kept as control. Bot
tubes were incubated at 30°C for 24 hours and the reaction was obs€arbdhydrate

fermentation was dicated by the presence of gas and a visible color change of the pH
indicator, phenol red. The formation of a black precipitate that blackens the medium in the butt of

the tube indicatesrpduction of hydrogen sulphide.

Methyl red test: A sterile MRVP broth was prepared and 5 ml of the broth was added to sterile
test tubes. The broth was then inoculated with pure culture of bacterial isolates using
sterile loop and incubated at°@0for 48 h. Five or six dropsf methyl red were added to

the broth and the results were observed without mixing. A positive result was indicated by the
formation of a pink to red colour in the reagent layer on top of the medium withih51€ec of

adding the reagent (mefthred) while a negative resultas indicated by yellow colour.

Vogesproskauer test Glucose phosphate broth (Vogesoskauer) was autoclaved and cooled to
room temperature. A 24h culture was inoculated with the help of a sterilized loop and
incubated at 3C for 48h. Following this, 1 ml of alph@aphthol was added with shaking. 0.5 ml

of 40% KOH was added to the broth and shaken. Red colour development after the addition of th
reagents within one howas taken as a positive result.

3.43. MALDI -TOF MS Analysis for newly isolated protease producing bacterial cells

All MALDI TOF MS characterization in this study was carried out\Vidasie Diagnostic
centerThe three potentigbrotease producing bacterial isolates wairectly placed on the MALDI
target plate as a thin layer and allowed to air dry. Two microliters of 70% formic acid (Merck,
Germany) was applied to the sample lay¢a et al.,2019; Haighet al.,2011) allowed to dry, and
overlaid with 2 ¢l of ma t r icyane&hydroxytcinn@amic acicd n s i
(Fluka, Switzerland) saturated in 2.5% trifluoroacetic acid (Siéwdaich, USA) and 50%
acetortrile (Honeywell Burdick & Jackson, Fisher Scientific). The matrix and analyte were
allowed to cecrystalize, and the target plate was inserted into the MALOF MS instrument.
Mass spectra was automatically acquired with MAJMF MS operating in a lireg positive mode

by accumulating 1,000 laser shots in the m/z ranges 2200000 and 500,000 using Thinkerbell

LT (ASTA Inc., Korea). External calibration of mass spectra was performed using reconthinant
coli extracts (ASTA Inc.,) in a protein massnga of 3,00020,000 Da and Peptide Calibration
Standard Il (Bruker Daltonics, Germany) in a small molecule mass range id,600 Da.The

resulting spectra were compared with reference spectra by using the Biotyper 3.1 software (Bruke
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MALDI Biotyper, UK). The identification score cutoff values were applied to each measurement
according to the manufacturero6s instructions
considered High confidence identification to the species level] 1.99 wee regarded as Low
confidence identification and 0.0D.69 were characterized as No organism identification pessibl

as prescribed by Tomaet al,.(2015).E. coliATCC 25922 T was used as a calibratamd quality

control standard.

3.4.4. Molecular identfication of screened isolates

3.44.1. Extraction of genomic DNA

All molecular characterization in this study was carried ouHeatedity Biosciencelndia The
QuickDNAE Fungal / Bact wasidesignedvor the simple, papiKisotation of DNA
from toughto-lyse fungi, includingA. fumigatus, C. albicans, N. crassa, S. cerevisiae, S. p@sbe
well as from mycelium and Gram positive and Gram negative bacteria. The procedure was easy ar
compleed in 15 minutes: AL1 bacterial sample was added directlyZzdcka Bas hi ngBead
Tube (0.1 & 0.5 mm)and rapidly and efficiently lysed by bead beating without using organic
denaturants or proteinases. The DNA was then isolated and purified using-Spymm E
Technology and it was ideal for downstream moleeh&sed applications including PCR, array,
etc.tDNA/ RNA Shi e-b0dRL1002B0)wWa® uBed to stabilize nucleic acids and inactivate
infectious agents in our sample, without the need for reagerival. For rapid, robust, and simple
purification of high quality, inhibitofree DNA from soiltheZ y mo B1 OMI CSE DNA Mi
(D4300) was used.

For optimal performance, betaercaptoethanol was added to tii&enomic Lysis Buffeto a final
dilution of 0.5 %(v/v)i.e., 500 pl per 100 ml. then 50100 mg AL1 bacterial sample that has been
resuspended in up to 200 ul of water or isotonic buffer was adde@dtBa Bas hi ngBead
Tube (0.1 mm & 0.5 mm)Then 750 yBas hi ngBe adE B uofthiedube2.vAabsad a d
beater fitted with a 2 ml tube holder assemb
minutes. Next, th&ysis Tube (0.1 & 0.5 mmyvas centrifugedn a microcentrifuge at 10,000

for 1 minute. Then up to 400 pl superndtavas transferred to &ymo-S p i n EF Flitdrih a
Collection Tubeand centrifuged at 8,000gfor 1 minute 1,200 pl ofGenomic Lysis Buffer was
addedto the filtrate in theCollection Tube Eight hundredul of the mixture from the above step
was tranterred to aZymo-Spi n E | | C3Rn aCalléctiomTubeand centrifuged at 10,000 x

g for 1 minute. A 200 pIDNA PreWash Buffer was addeth a new Collection Tubeand
centrifuged at 10,000 g for 1 minute and then 500 |g-DNA Wash Buffer was addetb the
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Columnand centrifuged &t0,000 xg for 1 minute. Then th€olumn was transferreid a clean 1.5
ml microcentrifuge tube and a 100 pl (35 pl minimubBNA Elution Buffer was dded directly to
the column matrix, centrifuged at 10,00@ for 30 secondso elute the DNA, and Ultrpure DNA

was readyo usefor 16S rRNA sequencing

3.4.4.2 Identification of isolated bacteria by 16S rRNA sequencing

DNA isolation was carried oand he amplified DNA was separated by agarose gel electrophoresis
(0.8% agarose, w/v) and run in a 1 x TAE buffer at 50 V foi 4D min till DNA fragments
migrated well. The gel was photographed on a gel documentation system. The concentration c
DNA samples was then measured by Nanodrop (Biotech instruments, USA). DNA veakatto

80°C for further use. The ratio of absorbance at 260 nm and 280 nm is used to assess the purity
DNA. Aratioof~1.82. 0 i s generally accepted as Apure
was performed in a total volume of 25 ul containifigdmol each of forward and reverse primers
(27F GAGTTTGATCATGGCTCAG and 1492RTACGGTTACCTTGTTACGACTT), 2.5 mM

of MgCl 2, 200 &M each of the four deoxyribon
polymerase, 1x concentration of PCR buffer (Iragen, Life Technologies, Brazil) andiS®0 ng

of isolated bacterial genomic DNA. The template was denatured bydedta predenaturation of

95°C for 5 min. This was followed by 39 dgs of denaturation 30 s at@) 45 s annealing and 1

min elongaton at 72C, with afinal extension of 7 min at 7. The amplicons were resolved in
1.5% (w/v) agarose gel using 0.5x tris aceta¥TA (TAE) buffer. The PCR amplicon was
subjected to Sanger Sequencing, and 16 SrRNA sequence fragments were sequenced with
automated ABI 3730XL DNAsequencerThe FASTA file of the sequences was uploaded.
Consensus sequences that showed a significant match with the maximum identified data on NCE
were submitted to NCBI for obtaining accession numberthis method, the 168RNA gene
sequences were analyzed with the Basic Local Alignment Search Tool (BLAST), and strains wers
aligned by multiple sequence alignment programs (Clustal W). Finally, laganetic tree was

constructed.
3.4.4.3. Phylogenetic analysis of sequences

Phylogenetic analysis and tree reconstruction wesdopmed using Mega 11. The 18RNA

sequences of the isolate were used for the phylogenetic analysis as they are.
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3.5. Determination of protease activities of the selected isolate

3.5.1. Protease assay

Protease activity was assayed by a modified methdtswoéhidaet al., (1986) by using casein as
substrateFor measuring protease activity, culture supernatant (0.5 mL) was mixed with 2.5 mL of
1% casein solution (in phosphate buffer, pH 7.3) and incubated for 10 min at 30°C. The reactior
was terminated by adding 2.5 mL of TCA to the solution. The mixture wesxed to ensure
complete mixing and incubated for further 15 min at room temperature and then centrifuged a
10,000 rpm for 15 min at°@.Then 0.5 ml of Folin reagent was immediately added, vortexed and
left for 30 min at room temperature. The mixtureswised to estimate the amount of free tyrosine
released according to Lowst al.,(1951) using tyrosine as a standard. The amount of tyrosine in
the solution was measured by reading the absorbance at 660 nm. A tyrosine standard was prepa
by dissolvingdifferent amounts of tyrosine in TCA solution (Orhah al., 2005).0One unit of

enzyme activity is defined as ¢ mol of tyros

"Bl THHIHHHTID = Tyrosine | iberat etlassae(llm)l(Ax B x @) ot &
Where: A is the enzymatic volume used for assay; B is the incubation time required for assay (2«

min) and C is the volume used in spectrophotometric determination (1 mL).

3.6. Optimization of culture growth parameter for Production of Protease

Optimization of different growth parameters for the three isolate was performed by one variable at :

time
3.6.1. The effect of pH on the biosynthesis of protease

Flask with growth medium containing 1% Casein as a substragetaken and the pH of
the broth was adjusted to different pH values (4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0) using 1N HC
and 1N NaOH sterilized and incubated at@®@or 24 h. At the end of incubation period, the cell

free culture filtrates we obtained and the protease activities were determined.
3.6.2. The effect of temperature on the biosynthesis of protease

Production medium containing 1% casein as a substrate and its pH was adjusted to the optimu

was inoculated with overnight gva selected bacterial strain. The resulting medium was
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incubated at different temperatures (i.e. 25, 30, 35, 37, 40 ai@l 65 24 h). At the end of
incubation period the cell free culture filtrate was obtained from each and proteagg activ

was determined.
3.6.3. The effect of incubation time on the biosynthesis of protease

To determine the time needed for highest production of protease, the 24 h grown isolate wa
inoculated into the protease production medium containing 1%eirCaas a substrate and
incubated at optimum temperature and pH fotl28 h. Two (2) ml of the sample from the medium

was collected every 24 h to determine highest protease activity.
3.6.4. Effect of nitrogen source on protease biosynthesis

Different nitrogen sources like peptone, yeast extract, beef extract and tryptone were
examined for their effect on protease production by replacing 1% peptone in the productiol
medium. Each flask containing the medium was inoculatedptmum tempetare, pH, and

incubation time.

3.7. Application of the isolated protease producers owhole eggshell andeggshell

membrane for degradation assay

3.7.1. Eggshell meal powder preparation and Egghell biodegradation test on plate

Eggshell meal powder preparation:The entire eggshell underwent thorough washing and was
then boiled at 3@0 psi for duration of 3 hours. Subsequently, it was dried in a hot air oven for 4
hours at a temperature of 50 degrees Celsius. The dried eggsbedl then pulverized to obtain a
powder, which was utilized as an eggshell meal. The PPBI was cultivated on a medium tha
consisted of finely powdered and highly heaiated eggshell waste as the sole source of carbon
and nitrogen. Additionally, salt e containing 0.2% MgCI2, 0.5% K2P0O4, 0.2% MnCI2, and 1%
NaCl, along with 1.5% agar, was used. Furthermore, MSM agar, which included highehtsd
eggshell meal powder as the exclusive carbon and nitrogen source, was prepared and sterilized
121 degees Celsius and 15 Ibs. pressure for 15 minutes. Following sterilization, the MSM agar
media was poured into petri dishes and allowed to solidify. Once solidified, freebu2éld
isolates were spot inoculated on the media to assess growth and theoforohalearing zones
around the colonies. The media was then incubated at the optimal growth temperaturd&or 24

hours to observe the growth of the isolate on eggshells, utilizing eggshell meal powder as th
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carbon and nitrogen source. After incubatithre growth of colonies and the formation of clearing

zones were examined and documented.

3.7.2. Whole eggshell and its membrane biodegradation test with Submerged Cultivation

The ability of the isolates to degrade native eggshell and eggshell mensulbsteate was
investigated. The assay consisted of a whole chicken eggshell and separated inner eggshi
membrane (to test the speed of degradation separately since the membrane is theoptatring

part and the isolates are protease producsuspaded in 250 ml of minimal medium (pH 8.0)
sterilized at 121°C for 15 min and then inoculated with 5% (v/v) inoculum. Different sets were
incubated at 150 rpm for 7, 14, and 21 days at optimal temperatures (30£2°C and 37+2°C)
respectively. The control expments were without inoculunce. only the media and eggshellhe
setups were examinedhily to determine thievel of degradation of the whole eggshell.

Nutrient Agar was prepared and sterilized in an autoclave 8€125 Ibs. for 15 mithenthe agar

is poured into petri plates and left until solidified. After solidifying using the plate
streakmethodthe pure isolates are streaked using an inoculating loop to acquire viable fresh
colonies. After growth on the agar plafegecolonies of the frédgdy grown strains are aseptically
inoculated into nutrient broth media using an inoculating loop béferestart osubmerged
cultivation until sufficient growths attainedn broth mediaThegrowthof the isolates was
comparedvi t h  Mc F ar | .avinunél salt siédianraddaion do the carbon source (glucose)
and optimum nitrogen source (yeast extra@¥ prepared and sterilized in an autoclave at 1210C,
15 Ibs. for 15 min. After sterilization, the MSM media was allowed to cool to 400 C before
inoculating with the isolates. After coolinfbemedia was inoculated with 5% (v/v) of the
inoculumandthe egg shells aneggmembranesvere added. The flaskeere then incubateak

room temperature for-81 days. After the incubation time tHasks were tken outandthe

degradation of the sampless investigatedlisual observation

3.8. Statistical analysis

Data analysis was performed usi8§SS$the graphs were sketched widhrigin Pro 8.0 software,
and Microsoft office excels 201@vere used for data rearrangement and table formaibrthe
tests were performed in triplicates and data were expressed as Mean * standard @evatien

differences were considered to be significant at(Q05.
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4. RESULTS AND DISCUSSION

4.1. Isolaion and screeningof bacteria for protease productionfrom soil sample

4.1.1. Primary screening of protease producing bacteria

In this study, a total of 45 various bacterial isolates were obtained from the two different soil
samples. Previous studies halso focused on isolating and characterizing bacterial isolates, which
were employed for protease secretion from waste soil samples ( RavishankarHadu2het

al., 2017), Ravishankar (2012) successfully isolated six prot@asducing bacteriastrains from

fish waste solil, displaying a remarkable ability to produce this enzyme commercially. Hadush
al., (2017) undertook a more extensive study to isolate 147 isolates from three distinct sampling
sites. Among these, 85 isolates demonstrated dfigictiveness in protease secretions. The authors
attribute the more significant number of positive isolates to larger sample sizes and increase
sampling sites. This underscores the importance of thorough exploration when hunting for poten

proteaseproducing bacterial strains, which could applied for industrial applications.

This study aimed to examine the presence of proteolytic activity in different bacterial isolates
obtained from diverse environmental sources. Additionally, the isolates were asfeestesr
potential to produce proteases. Of the 45 isolates screened based on morphological appearance,
(31.1%) exhibited positive protease activity based on the appearance of clear zones (table lar
figure 2).The use of skim milk agar for the isatat of protease producing bacteria has earlier been
reported by some worker¢Hanmza & Woldesenbet, 2017)Among these, three isolates
demonstrated a notably higher zone of clearance on the skim milk agar plates (Figure 2). A simila
investigation conducted by (Patil & Jadhav , 2017) involved the isolation and identification of 28
distinct Bacillus species from soil. The researchers employed morphological and biochemical
characterization techniques and further screened the isolates for protease production. Among the
isolates, three were designated SP3, SP10, and SP21. These isotated clear zones against
casein hydrolysis with 15, 18, and 9 mm sizes, respectively, after 24 h of incubation. This

emphasizes the potential of these isolates as efficient proteasegno(Patil and Jadhav, 2017).

Hamza and Wildesenbet (2017) refed proteasgproducing bacteria from compegtocessing site
in Arba Minch town. They identified 22 proteagesitive isolates, with five exhibiting higher clear
zones on milk agar medium after an 18 h incubation period at 40 °C. These findings highlight the

presence and diversity of protegseducing bacteria in such environments. Furthermore, the
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effluent of tannery industries in the Hazaribagh area of Dhaka city was examined for protease
producing bacteria. Among the isolates obtained, eight demonstratigaificantly higher clear

zone formation, indicating their potential as protease producers (Etahih2012). The detection

of proteaseproducing bacteria in different environmental niches reflects their wide distribution and

importance in various ingtries

B Zone of hydrolysis
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Figure 2: Zone of casein hydrolysis obtained from primary screening result on skim milk agar Shows
the clear zone formed after 24h of incubation period

4.1.2. Secondaryscreening of potential protease producing bacterial isolates

Three isolates were carefully chosen throughout the secondary screening process based on th
prominent, clear zone formation in the primary screening. CB2, CB1, and AL1 isolates showed
clear zmes with 12+0.5, 15+0.5, and 13+0.5mm sizes on the skim milk agar plate (Figure 3),
respectively. The increased size of the clear zone indicates a higher efficiency in degrading case
within the skim milk agar medium. The selection of these isolatessalgh the findings of Sidra

et al., (2006), who acknowledged the bacterium exhibiting the largest zone of inhibition as the
superior producerThe study by Haider & Sanaa (2014) also supports these results, Beudhes spp

isolated from soil was ideffiied, specificallyB. licheniformis as the most efficient protease producer.

In a similar study by Alnahdi (2012), six bacterial strains were isolated from marine samples. Both
gualitative (zone of inhibition) and quantitative (U/ml) protease assays peei@med on all six
isolates. Among these isolates, No. 2 and No. 3 exhibited significant proteolytic activity during the
secondary screening. Furthermore, Verma and Baiswa (2013) isolated-tiwestypacteria from
treated tannery effluent, which wereufa to produce protease on milk agar. Among these isolates,
nine isolates revealed a clear zone which is more significant than 20 mm, indicating their

exceptional degradative abilities. The selection of isolates CB2, CB1, and AL1 based on their clea
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zoneformation on the skim milk agar plate exhibits their efficiency in casein degradation. The

recent study supported by previous reports, which emphasizing the importance of selecting isolate

with the highest protease biosynthesis for various applications.

Figure 3: The three isolates showed significant zone of clear hydrolysiSecondary screening result of
the three isolates namelyAL1, CB1 and CB2which showed higher clear zone on primary screening.

4.2 Culture characterization

4.21. Morphological and biochemical characteristics of selected isolates

Rod-shaped Rod-shaped
100 pm \ 100 pum 100 um

Figure 4: gram staining result. (a) ShowsAL1 which was gram positive,(b) shows CB1 which

was gram negative and (c) shows CB2 which was gram positive.

Different morphological and biochemicztaracterization was carried out to identify the bacteria,
and the esults are summarized in TableThe isolate colony morphology, such as shape, colour,
elevation and surface margins of pure colonies, were obseneghoplates. As shown in Table 2

the isolates varied in both colony and cellular morphology.
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Table2: Morphological characteristics of selectedsolate (CB1, CB2 and AL

S.N. Colony Isolate CB1 Isolate CB2 Isolate AL1
morphology

1 Size Small Medium Small

2 Shape Rod Rod Rod
Color Opaque Greyish opaque Gray

3 Surface Smooth Smooth Smooth

4 Motility Motile Motile Motile

5 Margin Entire Entire Entire

6 Elevation Convex Convex Flat

Furthermore, biochemical tests showed that the three isolates (AL1, CB1 and CB2) do not fermer
sucrose and lactose. However, C&id CB2 didferment glucose. Stly exhibited that AL1 did
ferment glucose. Mannitol found to be fermented by CB2, a proteadeqing isolate. These three
isolates are showed a negative result for Voges proskauer and starch hydrolysis test. However, the
are noticed as positive result against catalase, oxidation, and methyle red test. AL1 and CB
showed negative result for smon citrate utilization and gelatine liquefaction tests whereas the
isolate CB2 showed a negative result for these tests. The isolates AL1 and CB1 displayed
negative result for b6 test while, CB2 showed a positive result. After Gram staining performed,
CB2 isolate found to be medium rod shaped and AL1 and CB1 small and rod shaped. CB2 an
AL1 were Grarpositive however; CB1 was Granegative for with motility (Appendix 2).

Table 3: Biochemical test of selectedolate CB1, CB2 and isolate AL1

S.N.  Characteristics CB1 CB2 ALl
1 Catalase test + +

2 Gram staining - +

3 Starch hydrolysis - - -

4 Gelatin liquefaction test - + -

5 Simmon citrate utilization - + -

6 Methyl red + + -

7 Vegasproskauer - - -

8 Glucose fermentation + + +

9 Sucrose fermentation - - -
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10 Lactose fermentation -

11 Mannitol fermentation - + -
12 H.,S production - + -
13 Acid production + +
14 Oxidation + +

42.2.MALDI -TOF MS identification of the screened isolates

In this study, these PPBIs suchGB1, CB2 and AL1 were identified based on their protein
profiles using MALDI TOF MS techiues as indicated in the Table 4

Table 4 MALDI -TOF MS analysis for these PPBIs which obtained from soil samples

S.N. Sample Id. Species LSV
1 ALl P alcalifaciens 1.75
2 CB1 P alcalifaciens 2.34
3 CcB2 M morganii s 1.70

CB1, CB2 and AL1 indicate: cake bakery waste accumulation site soil sample firisiolate, cake bakery

waste accumulation site soil sample secondary and arabland soil Sample primary isolate

respectively. The LSV Logarithmic Score Value. Score value o f O 2.0 indicates

identification to the species level, 1.7A.99 - Low confidence identification, and 0.00'1.69 - No

organism identification possible
4.2.3. Molecular identification of the screened isolates

4.2.3.1.ProteaseProducing Bacterial I solatesby 16s rRNA sequence
A new proteas@roducing bacterial isolate was obtained frimo different soilsamplesOne of
the isolatesvasidentified ad_ysinibacillus spAlal using 16SrRNA gene sequendegsinibacillus
sp.Alal exhibited a considerable numbeof sequence similaritieswith Lysinibacillus
capsiciPB300T (PXXX01000046) (98.90%), macroidedDSM 54T (LGCI01000008)
(98.04%),L. xylanilyticusDSM 23493T (LFXJ01000007) (98.35%), boronitoleransr-
10aT(AB199591)(98.03%).,. pakistanensigCM 18776T(BBDJ01000063)  (97.96%),
fusiformisNBRC 15717T(AB271743) (97.669%), cavernaesSYSU
K30005T(MN611148)(97.41%),. parviboronicgpiensBAM-582T(AB300598)(97.25%), arld
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sphaericuKCTC 3346T (AUOZ0100002) (97.17%). As shown in Table 5 and Figure

5, Lysinibacillus spAlal, a protease producing bacterial isolate was homologouB8. to
ndiopicusFF3T (HG315675) (95.60%l\Metasolibacilus meyerWS 4626T (HE577173) (95.29%),
andUreibacillus chungkukjan@®2RL3-2T(JX217747) (95.84%). The highest sequence similarity
occurred betweeh. capsiciPB300T (PXXX01000046) (98.90%), and the recent protease
producing bacterial isolate. However, ethlowest sequence similarity was detected
betweerLysinibacillus spAlal andL. alkalisoliY2A20T (KX258757)(94.66%). Studies showed
that bacterial strains such as. lodysseyB4hsl1lT (AF526913)L. halotolerand AM612T
(KF443809),U. xyleniJC22T (FN179487)Ureibacillus acetophenodiC23T (FN179488), and
others (Figure 5, Table) @llied with Lysinibacillus sp. AlalA similar study showed that alkaline
proteaseproducing ML12 bacterial isolate obtained from the leather industry effluent wasietent
asBacillus cereugMN629232.1) using the same tool. This isolate displays sequence similarity
with B. cereusstrain (KY995152.1) (97.87%) arigl cereugMK968813.1) (97.86%{)Masi et al.,
2021) Another novel alkaline proteapeoducing bacteria isolate identified BsfirmusEMBS023
(JN990980) using a 16S rRNA gene sequencing approach from a moist soil sample at a loc:
poultry farm in India(Wishard et al., 2014)The same isolate was mped to be employed as a
potential probiotic in poultry feed. In our previous study, Polyethylene degrafiveyli et al.,
2024) PHA producing(Mohammed et al., 2019, 2020; Mohammed & Ray, 20aa) medicinal
plant growth promoterEbu et al., 2023)vere identified using 16sRNA gene sequences analysis.

Table 5: Sequence similarity betweerysinibacillus sp. Alal and other strains with their accession

numbers and type strains

S.N. Name of allied strains Stains Accession Pairwise
number similarity (%)

1 Lysinibacillussp. Alal PP095644 The recent isolate
2 L. capsici PB30d PXXX01000046 98.90

3 L. macrolides DSM 54 LGCI01000008 98.59

4 L. xylanilyticus DSM 23493 LFXJ01000007 98.35

5 L. boronitolerans T-10d AB199591 98.04

6 L. pakistanensis JCM 18776 BBDJ01000063 97.96

7 L. fusiformis NBRC 15717 AB271743 97.66

8 L. cavernae SYSU K30003 MN611148 97.41
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13
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26
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. contaminans

. halotolerans

. odyssey

. endophyticus

. louembei

. chungkukjangi

. sinduriensis

. Xylene

r- cccrHr O O O r r— —

. alkaliphilus
M. meyeri

L. telephonicus

B. ndiopicus

L. composti

L. antri

U. manganicus

L. yapensis

M. jejuensis

U. acetophenoni
Solibacillus cecembensis
U. massiliensis
Psychrobacillus soli
Solibacillus isronensis

P. lasiicapitis

L. alkalisoli

BAM-582
KCTC 3346
DSM 25560
LAM612"
34hs1’

DSM 100506
NM73T
2RL3-2"
BLB-1"
Jca?2
OMN17"

WS 46268
S5H2223
FF3'
NCCR36'
SYSU K30002
Mn1-77
YLB-03'
N2-5"

Jc23

PN5'
4400831
NHI-2"
B3w22'
NEAU-3TGS17
Y2A20"

AB300598

AUOZ01000024

LGRV01000001
KF443809
AF526913
RBZN01000109
HG937791
IX217747
FJ169465
FN179487
KF771256
HE577173
KT735049
HG315675
AB547124
MK325186
JX993821
QWEI01000026
HQ392513
FN179488
AM773821
AY677116
KJ956929

AMCK01000046

KP219721
KX258757

97.25
97.17
96.62
96.08
96.00
95.99
95.92
95.84
95.84
95.76
95.68
95.68
95.67
95.60
95.60
95.53
95.45
95.37
95.29
95.12
95.05
95.05
95.02
94.74
94.74
94.66
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Figure 5: Evolutionary analysis of PPBI by Maximum Likelihood method: The tree with the highest
log likelihood (-5965.42) is shownThe percentage of trees in which thessociated taxa clustered is
displayed next to the branches. The tree is drawn to scale, with branch lengths measured in the
number of substitutions per site with 1000 bootstraps. This analysis involved 26 nucleotide sequences.

Codon positions included wee 1st+2nd+3rd+Noncoding.
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In previous studies, the identification of protegseducing bacteria from lysibacillus sphearicus

was done based on physiological, biochemical and molecular characterization. In agreement wit
this finding different scholarseported protease production by various strains of lyamilus
sphearicus Singh et al., (2004) reported that B. sphaericus an obligate alkalophile, and
overproducers of extracellular alkaline proteases. Simil&mhyu et al., (2016) have reported a
bacterium producing solvestable protease was isolated from-galtiched soil after incubation in
benzene and toluereriched media and identified as Lysinibacillus sphaericus PAP02 by 16S
rRNA sequencing(Tallur et al.,2016)indicated that.. sphaericuss a Grampositive, mesophilic,

rod shaped bacterium commonly found in soil. It is sptoeming bacteria, tolerant to high
temperatures, chemicals, and ultraviolet light, and can remain viable for long periods In soil.
sphaericu can produce extracellul ar protease e
carried out by growing the cultures on skim milk agarsphaericuss a well known bacterium

used in the biological control of mosquitoes. It is exciting to the WHO due to the larvicidal effect of
some strains against two mosquito genera (Culex and Anoph@Misth et al, 2014).
Additionally, L. sphaericuzan tderate and redwc heavy metalshence it is commercially
important in the leather and detergent indust(iEsllur et al., 2016). This bacteria species was

effective in detergerdnd can be used as an additive

4.3. Optimization of media for protease production

4.3.1. Effect of pH against CDW (g/L), ODsoonm @nd Biosynthesis of protease

In this study, various pH values exhigdont @ad
i 11 ustFri aytee.cc Tidne mi niN©®u @ 0/LL8 509@ 3B Hkdi 9rmgath. 0 8 2 2 NO .
g/ L at pH8) CDW (g/ L) awer dLdecordlkpeicshaglmeetheyst
0.974Nafd0116797N 0.0031 at shdne Thaemep pbou elas
bactpad silsholleat es gaves s@lhW t(agn/tLi)a | a.nadiroauint 8 6 o en,
gave 0.078RW Q@ANLYpHS8 with 16066585 O0i.n0dli8c6a tG
Figur@. 003773N0.00169 to 0.065967N0.0229- CD\
producing bacptHe-76 alThesaslaantee i dtol at e gaweon® OF
(1.726N0. 032 dto tOhe& 48dle Ofa)5)al ues (Figure 6
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T a b | Enzyfe activity in U/ml against different PH values

SN PH ALl CB1 cB2
Enzyme Standard Enzyme Standard Enzyme  Standard
activity deviation  activity deviation activity deviation
1 4 147.2 0.003 184 0.019 73.5 0.02
2 5 331 0.011 239 0.018 386 0.009
3 6 294 0.006 257.5 0.006 386.3 0.018
4 7 441.5 0.027 294.3 0.049 404.7 0.0108
5 8 450.7 0.003 460 0.032 441.5 0.032
6 9 220.7 0.004 331.2 0.248 312.7 0.015
7 10 110.4 0.006 165.6 0.016 128.8 0.042
I niti al pH of production medium is another i

of pr(oHemzae & Wol desletn bheats, bh2eleln7 )not ed t hat mi
the exwultar ceH fort ht heend ermredy meg apprdo dNi&2 8 ®ih) .
Understanding thesegsdopd enegme att pwWHi oypy OWDAd bi
for optimizing biological processes. This st
grow in media with wvarying pthevalewsaid t samgivl
vari atni oennszyme activity and biomass product.i
Notably, the optimum pH for all i sol ates wer
t he ma X igidhh bOD ma s s andl enayme e me h ir wHeugzha t&h
Wol desenbree¢por(t2ddd 7maxi mum enzyme production
optimum pH for production of lenptywme AL&MdBa
i mpressive protease production rate of 450.
pradu on andonhalgune .ODThi s observation indicate
growth of AL1.

Furthermor e, CB1 can thrive in an al kaline

activity of 460NO0. 0@32|Wigmlt| §Tdmiwer6)h.i ohaspi
to AL1, CB1 effectively exhibited al kaline
exhibited respectable protease activity, alt
that a protease activity (441.5N0.02 U/ ml) w
t hat pH 8. 0 as an opti mal condition for al
actvity and subde psegmtt h@DBAes(grTMh)er oanlnkeanlti used

bi osythesis agB@dnLLB1 wAk Db tha éxpesimentoRa | e e vat Galu,r
(200Léportedbgohfe tihrnei tciuallt ure strongly affects
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compounds across t he cel | me mbr ane. They
(pc®B , ) widtCh bi onparsssducti on wa$8. Gclhy e Bawehdiclhlt v
was highly greaterThehaen ztyhnee pprreosdeuncttb (sotiu diyh €
medi um was i ncreaseBl aBeancd i arlp®\Eanxdiyhmem patoduc
strongly decreased. Results suggest thB¢ the

Protease biosynthesis increases until it re
However, al |detmboatskech c las 0l By e |t every pH | evel
mentioning that mo st mi croorgani sms that pr
bi osynt hdskiad i nmred efamakitt PaAB02 &) ( This finding i
the studies doneti BaO02RP1 WwRadmapusgd on t he
of proteasdattci®pmubBMaandcde( Geet hanjah and Subas
productBisounbtbhyAddi ti onal l vy, (Kal ai aratsi 20 la2n d;
Ravi s heatn kzar1 2 ) have reported similar result

condition for maximum enzyme production.
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4.3.2. Effectof temperature on the biosynthesis of protease

In this study, various temperature values exhibited significant effects against CDW (g/L) and
ODesoonm as illustrated in Figurel6 The maximum CDW (0.07+ 0.013 g/l) walstained from CB2
isolate at 38C, andthe minimum (0.0018 +0.000%!) was recorded for CB1 at 4D. Considerable
amounts of CDW (g/L) and Qfgbnm Were also obtained from these protepsedudng bacterial
isolates (Figure I6). For instance, AL1 gave CDW (g/L) (0.0478 £ 0.01) and;daia (1.64+0.007)

at 30°C. As indicated in Figre @, isolate CB1 gave 0.039:004 ORgonmand 0.039+ 0.004 CDW
(g/L) at 3PC,which was theptimum temperature value for the isolafbe samesolates gave
0.0018 +0.0006 CDW (g/l) and 0.36+0.06 §&mat 40C, which was the minimum Ofonmand
CDW (g/) for the isolate (figure l§. In this study, the two isolates, CB2 and AL1, exhibited
maximum CDW (g/L) and ORonm at 30C, whereas the isolate CB1 exhibited maximum CDW
(g/L) and ORyonmat 37C.

T a b | Enzye activity in U/ml for temperature in (°C)

S.N Temperature ALl CB1 CB2
(°C) Enzyme Standard Enzyme Standard Enzyme Standard
activity  deviation activity  deviation activity  deviation
1 25 404.7 0.045 257.5 0.056 404.5 0.353
2 30 441.5 0.055 292.6 0.084 413.9 0.035
3 35 422.9 0.044 331 0.068 333.3 0.471
4 37 349.5 0.021 367.9 0.026 294.4 0.06
5 40 330.5 0.595 165.6 0.040 228 0.036
6 45 239 0.036 110.3 0.047 115 0.025

Temperature strongly affects the synthesis of protease, eithespeaifically by influencing the

rates of biochemical reactions or specifically by inducing or repressing their production Abd
Rahmanet al., (2005). Protease biosynthesis is a crucial pescéhat plays a significant role in
various biological activities. This study recorded various protease activities against three isolates ¢
25 to 45C. The results showed the optimum temperature for protease production and each isolate
corresponding drypiomass production and Q§.n These PPBIs, such as AL1, CB1, and CB2,
were sown positive for protease activities at 25 f%44s indicatedh Figure6b; AL1 exhibited the
highest protease production at a temperature € 3Gth 441.598.055U/ml (table7).A similar

study conducted bgHaddaret al.,2011)reported that, Protease production was investigated in the
temperature range of 25 45°C. Maximum activity and growth were observed at 37°C. The
protease activities were about 612, 483, and 443 U/mL at 30, 40, and 45°C, respectively whicl
were greater than the present stud@iifis suggests that AL1 is particularly efficient in protease
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syrthesis at this temperature, highlighting its potential for various industrial applications. CB1, on
the other hand, demonstrated optimal protease production at a slightly higher temperature c
37°C.The protease production reached 368+0.03U/ml at this tetope, accompanied by a dry
biomass production value 6. 039N 0. 004 C@®Wanag/ ONher¢sdts igdicate

that CB1 has adapted to this temperature range and can effectively produce protease under sL
conditions. Similarly, Table ihdicatesthat, isolate CB2 showed significant protease production at
30°C, with a recorded value of 413.9+0.035 U/melated studies also reported that protease
production byB. laterosporousvas best at 37°C (Usharani and Muthuraj 201i@).addition, he
corresponding dry biomass production was found toCEaVN (0.07+ 0.013 g/l) (Figure 1§,
indicating its favorable response to this specific temperature. It is important to note that eack
organism possesses specific temperature preferences for oppioveih and metabolismin
contrast to the present studystudy was conducted blyGauret al,. 2014)to test the effect of
various temperatures on the growth and alkaline protease production, different temperature
ou Y f# were used in the study. Protease production at different temperatures was examine
keeping other conditions constant. It was noted thglh protease productiocompared to the
present result of p T ¢ M5 ) with ¢&C, biomass production was achievedgaf# from
Bacillus sp. that indicating the thermophilic nature of the enzyme. It was capable of producing
protease in the range ofu X O#. However, increase in temperature beygno¥ led to decline in
enzyme productidiGauret al,.2014). Nadeem et al. (2007) also reported Bactillus lichniformis

. ¢showed maximum protease productionp .

In this study, the isolates demonstrated their ability to produce protease efficiently under
temperatures ranging from 25 t0°@5 This widetemperature range suggests the adaptability and
versatility of these isolates in various environmeiiisSafeyet al, (2004) reported the same
findings in production, purification, and characterization of protease enzyme Bemillus sp.
Moreover, Sinh et al., (2013) found that Z& was the optimum temperature for protease
biosynthesis fronBacillus sp. and protease biosynthesis at this temperature was found to be 100.1
U/ml which is much lower than thpreent study. Many investigators studied theatiehship
between temperatures and protease production. They found that temperatures rangéOfrom 2
more depending on the type of organism producing protease, the medium conditions and the type

enzyme.
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4.3.3. Effect of incubation time against OQoonm and Biosynthesis of protease

Understanding of cell growth period in relation to enzyme production could be important factor for
identifying the appropriate incubation period for maximal enzyme productiHigmza &
Woldesenbet, 2017Enzyme secretion is related to cell growth. It is a correlation between the
incubation perid and enzyme biosynthesis (Kaur,e¥lal.,1998). The enzyme biosynthesis varies
with incubatian time. As depicted in Figure Yarious incubation times ranging from-220 h was
exploredto enhance protease pration. The goal was to determine the most favorable incubation
period for maximum enzyme Yyielth this study, the maximum QBnm(1.72+0.08) was recorded

at 48h for isolate AL1QDs0,m(1.31+0.0095) foisolate CB1 at 72 h (figure).7It was noticed that
isolate CB2 displayed considerable €Bm(1.42+0.017) against 48h of incubation period, which
indicated their optimum incubation period for the threelaites. As indicated in figure, 7A
considerable minimum QfgynmWwere gained for AL1 (0.85 +0.054), CR0.60+0.03) and CB2
(0.13+0.009) at 120 h of incubatioAfter analysis had been carried out, it was observed that the
peak of enzyme biosynthesis was achieved at 48 h of incubation against AL1 and CB2 isolates
proteaseproducing strains. The enzyme adi®$ recorded were for these isolates of which
456.2+0.08U/ml and 408.2+0.017 U/ml, respectively (Table I8)the similar experiment of
Rajeeva Gauet al, (2014)maximum protease productiorp(p v kp 5 ) with ¢& C, biomass
production from e Bacillus sp. was observedrtatlE. Similar results also reported by Qadar et al.

(2009) from Bacillus spshowed maximum protease production in 48 h.

Hamza & Woldesenbe2017)stated in their study that, highest enzyme production was observed
after theBacillus sp.CAMA14 reached around 48 h of cell growth. Periods before and after 48 h
were not the convenient harvesting time for paste produced frorBacillus sp.CAMA14. For
instance, after 48 h of incubation a decrease of enzyme production was ol$tavezh &
Woldesenbet, 2017)They suspectedhat this may occur due to reduced microbial growth and
increment of cell death, which is associated with the depletion of available resource, required fo
the growthof Bacillus sp. CAMA14 cell§Hamza & Woldesenbet, 2017These results were
synonymous to studies thatere investigated by manyesearchers (Rao, and Naras{2007),
Ravishankargt al.2012, Ragt al., 2012). On the other hand, a protege®ducing CB1 isolate
exhibited highest enzyme activityitly 386.3+ 0.0095 U/ml (Table)8atter 72 h of incubation
period.Similar results o reported by Naidue and Devi (2005) and Gibb and Strohl (19883 that
subtilis 3411andB. subtilis k30 gave maximum production i ¢ andw ¢k, respectively.
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Figure 7: Effect of incubation period against proteaseproducing bacterial isolates. (g) Effect of Olgynm against AL1 isolate for incubation period. (b) Effect of incubation
period with ODggonm against CB1 isolate, which obtained from soil sample. (c) Effect of time course of incubation period on CB1 isolate aga@Bo,m Data
represented mean + SD of three replicate (n = 3) against OD 600nm for these proteases producing bacterial isqlathiEh obtained from soil samples. According to one
way ANOVA, the OD (g/L) has significant variation (p O 0 havisg)the diffecemt ¢attepon theire a

respectivebars.
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A study by Johnveslgt al.,(2012) displayed that the optimal incubation time Bor
anthraceis S-44 andB. cereus S98 were recorded with maximum protease activities.
Johnveslyet al.,(2012) confirmed that the optimum incubation time agdnsinthraceisS-44

andB. cereussS-98 was recorded to be 60 h. During this incubation period, the bacterial strains
exhibited significantly increased protease activities. The researchers quantified protease activit
in terms of units per milliliter (U/ml), and the results were noteworHoy.B. anthraceiss-44,

the protease activity was 126.09 U/ml. On the other hande®usS-98 demonstrated a higher
protease activity with 240.45 U/ml. It was indicated #Batcereuss-98 had a more robust
enzymatic activity when compared Bo anthraceisS-44. The recent by Durhanas$ al.(1987),
Gashaw and Gessesse (1997), and Qetdal.(2009), showed that maximum enzyme
biosynthesis was observed during continuous growth of the culture at the late exponential phas
and early stationary phase oéttlevelopment.

T a b | EnzyBe activity in U/ml against incubation period in (h)

S.N Incubation AL1 CB1 CB2
period (h) Enzyme Standard Enzyme Standard Enzyme  Standard
activity deviation activity deviation activity deviation
1 24 417.6 0.023 367.9 0.064 352.4 0.038
2 48 456.2 0.021 369.6 0.069 408.2 0.049
3 72 366 0.007 386.3 0.076 379.8 0.032
4 96 333 0.006 384.5 0.021 227.5 0.017
5 120 264.9 0.036 148.8 0.031 19.4 0.009

4.3.4. Effect of various nitrogen source against CDW (g/L), OD600nngnd Biosynthesis of

protease

Beef extract, peptone, tryptone, and yeast extract were employed as a nitrogen source to suppt
the growth of these PPBIghe results show the effieaf various nitrogen sources ftive growth

of PPBIs(AL1, CB1, andCB2). The data was represented in three separate graphs, each showing
the biomass concentration (CDW) and optical densitys(@B for these isolates when various
nitrogen sources (beef extract, peptone, tryptone, and yeast extract) we(Eigsedg. From

the results, all these isolates exhibited maximum growth in terms gfofand CDW g/L when

yeast extract was used as a nitrogen source. The highest values for both parameters were obser
for isolate CB2 againsODgoonm (1.965+£0.017) and CDW g/L (0.0798+0.01Fubstantial
amounts 0fODgponm (1.89£0.011,) and CDW g/L (0.0757+0.012¥¢re obtainedagainst AL1
isolate When yeast extract had been supplemented as a sole nitrogen source®Degttar
(1.502+0.003) and CDW/L (0.013+0.002were also obtained fro@B1 isolate, a PPEFigure

8).
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Additionally, the study indicates that tryptone was the next best nitrogen source for growth of AL1
and CB2 isolates, except for isolate CB1, which showedimum CDW (0.00&0.001) for
tryptone. However, maximum QBnm (1.254t0.059) and CDW (0.0G70.002) were recorded
against peptone after yeast extract (Figure 7). Overall, this study suggests that yeast extract is tl
most favorable nitrogen source for the growth of tHeRBBIs followed by tryptone and peptone.
contrast, beef extract was the degreferred nitrogen source based on the observed growth
parameters The study indicates that there wesegnificant differences (p>0.05) in biomass
concentration (CDW) among the different nitrogen sources for isolates AL1, CB1, and CB2.

This suggestshat the nitrogen source did not significantly impact these isolates' biomass
production.Protease production has been deterohibg various nitrogen sourcedt was noticed

that certain organisms have unique requirements for specific nitrogen sources, making it a cruciz
factor in determining optimal protease production. Complex nitrogen sources in the growth mediun
have been significantly found to affect prase biosynthesis. Among the tested isolates, it was
noticed that yeast extract played a pivotal role in achieving optimal enzyme secretion. Additionally,
in the absence of yeast extract, tryptone showed potential as an alternative nitrogen source (Tak
9).
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F i g u:rEéfect®f various nitrogen sources against Protease producing bacterial isolates. (a) Effect of various nitrogen sourcesre§@DW (g/L) and
ODgoonm Of AL1 isolate (b) Effect of various nitrogen sources against CDW (g/L) and Qdgy,m of CB1 isolate. (c) Effect of various nitrogen sources against
CDW (g/L) and ODggonm Of CB2 isolate. Date represented triplicate (3) (mean + SD). The same letter on théuoon bar indicated no significant various
(p>0.05) among nitrogen sources against CDW (g/L) for these AL1, CB1, and CB2 isolates.
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Yeast extract is also emerged as a highly effective nitrogen source, leading to high proteas
biosyntresisand dry biomass yield. Notably, variations observed against AL1, CB1, and CB2
isolates, these PPBIs, which indicated that yeast extract significantly increased paidasgon

The recorded protease levels were ranged betweesb@284 U/ml for A1, CB1, and CB2
isolates (Table 9). Furthermore, yeast extract is also exhibited remarkable enzyntg activi
biomass productiorforAL1 (474.61+0.01 U/ml, 0.075&:012 g/L) , CB1 (423+£0.0025 U/ml,
0.01349€.00y/L), and CB2 (508.6+0.02 U/ml, 0.0798813y/L) isolates Based on the results
obtained, it is confirmed that the addition of yeast extract used talated proteasproduction

This stimulation resulted in enhanced enzyme activity levels and optimal performance éverall.
similar result byNadeemet al., (2007)alsoreported maximum enzyme production in the presence
of yeast extract followed by peptone. Whereas, In The experimdtajeéva Gauet al,. (2014)
maximum protease production of (2810, ) with ¢ C, biomass production was observed

in the presence of peptone followed by yeast extract. Similarly, @aady (20100) also reported

that maximum enzyme production was observed in the presence of peptone followed by yeas
extract from Bacillus sp.

Numerous studies have shown that selecting an appropriate nitrogen source maximizes protea
production by various rorobial species. Ashowt al.,(1996) emphasized the effectiveness of
yeast extract in stimulating the production of protease by various microbial species. This finding
underscores the crucial role played by yeast extract in optimizing protease syintsermore,
Sinhaet al.,(2013) conducted a study &acillussp. and discovered that yeast extract served as an
excellent nitrogen source, leading to significantly increased protease production. Using yeast extrau
as a nitrogen source in microbial wuks has consistently positively impacted protease levels. In
another study by Sharned al.(2014), the combined usage of yeast extract and casein as nitrogen
sources resulted in a high secretion of protease activities. This research further sulssthatiate
notion that yeast extract, in combination with other nitrogen sources, can effectively boost proteas

secretion.

T a b | Enzyfe activity in U/ml against different nitrogen sources.

S.N  Nitrogen ALl CB1 CB2
source Enzyme Standard Enzyme Standard Enzyme Standard
activity deviation activity deviation activity deviation

1 Beef extract 340.4 0.071 303.4 0.118 333.5 0.095
2 Peptone 415.3 0.053 377.9 0.059 361.3 0.044
3 Trypton 450.7 0.047 375.6 0.01 405.3 0.057
4

Yeast extract 474.5 0.049 422.9 0.237 508.3 0.557
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4.4. Degradation of eggshell and its membrane with PPBI through fermentation

The disposal of egg shells and their underlying membrane has been identified as a contributor f
environmental pollution (Phil andhihong, 2009). However, using the calcium carbonate (GRCO
present in egg shells has shown potential in reducing pollution, acting as a neutralizer in farm field:
and as a valuable source of calcilvtaking eggshell fertilizer is inexpensive and environmental
friendly, since the process reuses material to promote growth. Ground eggshells are effective limin
sources (John and Paul, 200B)e main challenge lies in the insolubility of the eggshelnim@ne
(ESM) in water and organic solvents, limiting its applications. This study explored the
solubilization of WES and ESM, presenting their possible uses and finding sustainable
environmental solutions. We isolated potentially alkaline protpesgucirg bacteria from the
accumulation site of cake bakery waste and arable land in East Wollega, Nekemte town. Afte
obtaining a total of 14 PBls three of them displayed promising proteolytic activity on skim milk
agar medium. These protease enzymes faeilitia@ hydrolysis of protein (casein) present in the
culture media (Skim milk agar) which serve as carbon and nitrogen sourcesgF2003). The
potential of these isolates as a source of alkaline preprasecing bacteria in the study area had
yet to be previously reported. Thissultestablishes the accumulation site of cake bakery waste and
arable land in East Wollega, Nekemte town, as valuable sources of pijotedseing bacteria.

All isolated bacteria demonstrated the ability to hydrolyze inapeotein on skim milk agar
medium, indicating their capacity to produce the protease enzyme responsible for its degradatior
This highlights the potential of the identified sources for alkaline protease biosynthesis. Notably,
the eggshell membrane triggd the inducible synthesis of the protease, emphasizing the direct
involvement of the produced enzyme in the decomposition of ESM. r€kidt represents the
second report describing the production and characterization of an enzyme capable of directl
demmposing ESM without additional substances like acid.
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Figure 9 the clear zones in ES meal powder (g/l) agar plates, caused by proteolytic bacteria, are
depicted. Three strains, namely AL1, CB1, and CB2, were identified. The microbial culture was spot
inoculated on an ES meal agar plate and incubated at the optimabndition. (A) Representsthe ESM

plate before inoculation. (B) Represents the ESM plate with spot inoculation of the isolate before the
formation of hydrolysis zones. (C) Represents the formation of clear zones on the eggshell meal
powder.

In the present sty, the cultured microorganisms, which deriveodni the selected study site and
their degrading cultures, were found to exhibit significant proteolytic activiliegied to
demonstrate the specific bacterial strains, whiets capable of degrading WES @&iESM, using
eggshell meal powder as the sole carbon and nitrogen s@igues 9) Three bacterial strains,
AL1, CB1, and CB2, were selected due to their ability to visually degrade casein protein in skim
milk agar under suitable condition. The experiment revealed that a temperature of 37°C wa:s
suitable for growth of CB1 isolate, whilke others isolates (AL1 and CB2) showed optimal growth

at 30°C. Additionally, a pH level of 8 was ideal for all these three isolates. The culture media were
prepared for protease biosynthegsmgorporating 1% casein, glucoas the main carbon sourcedan
yeast extract as the main nitrogen source. The optimal conditions of incubatsnatere 48 h for

two isolates AL1 and CB3 and 72 h for CB1, along with a rotation speed of 150 rpm on a rotary
shaker So as shown on the above figure (figure 9) théates was grown on the eggshell meal
powder and formed a zone of hydrolysis which indicated the isolates produced extracellular
protease which can solubilize ESM and WESsimilar previous study showed that (Cheng et al.,
2009) Pseudomonas aerugino$dE-4 can display robust growth when ESM was supplied as a
main substrate. The strain was found to produce an extracellular protease, which can solubiliz
ESM.
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