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INTRODUCTION

In the intricate fabric of India’s socio-economic landscape, a scientific exploration
uncovers a range of factors that intricately shape its trajectory and influence on a global scale.
Acknowledged as the 5™ largest economy in nominal GDP by the International Monetary
Fund, the nation’s economic ability forms a foundational pillar for its multifaceted role.
Simultaneously, holding the distinction of being the 4th largest military power underscores its
strategic significance in international affairs. As it aspires to ascend to the 3™ largest economy
by 2030, according to projections by the International Monetary Fund, the nation stands at
the forefront of economic evolution, positioning itselfas a key player in shaping the global

economic landscape.

India is a global agricultural powerhouse. It is the world’s largest producer of milk,
pulses, and spices, and has the world’s largest cattle herd (buffaloes), as well as the largest
area under wheat, rice and cotton. It is the second largest producer ofrice, wheat, cotton,
sugarcane, farmed fish, sheep & goat meat, fruit, vegetables and tea. With the nation claiming
the 3" largest position in egg productions and 5" in meat Production (World Bank Group).
The Silver Revolution was significant development in Indian agriculture and contributed
significantly to its expansion. Over the next 40 years, the nation is tasked with the unprecedented
challenge of producing agricultural food as though the next 8000 years depend on it. Livestock
plays an important role, contributing 30% of Agricultural GDP and 5.3% oftotal Gross Value
Added (GVA). The agricultural sector, encompassing agriculture and allied activities, constitutes

18.2% oftotal GVA. Noteworthy is the growth rates of 6.19% in egg production, elevating
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the nation’s rank to 8th in poultry meat production. Poultry, a significant component, contributes

51.5% to overall meat production in India (FAO, 2022).

Even with these achievements, problems still exist. In various climates, there are risks
associated with transporting eggs from key egg production centres like Andhra Pradesh (AP),
Telangana (TL), and Tamilnadu (TN) to other regions. Inadequate infrastructures such as
roads and packaging, together with effects of climate change, cause post-harvest egg qualities
to decrease. The Indian poultry sector is valued at $28.18 billion in 2022 and is expected to
reach approximately $44.97 billion by 2028, at a CAGR 0f8.1% (BAHS, 2023).

But poultry’s business is losing money as a result of post-harvest egg loss. In India,
there are more than 3,500 crore and 7.19 percent. Among the difficulties include irregular egg
production and inadequate state transportation, that results in loss and contamination in transit.
The percentages of the post-harvest losses vary from 10 - 25 percent, which affects the price
and calibre of chicken products and raises concerns about the health of humans. Some ofthe
actions done to address these challenges include building infrastructure for the storage and
transportation of the eggs, raising farmer awareness, and doing research on improving post-
harvest insurance in different climates. When India’s crops are large, the focus must turn to
product qualities and PHL (postharvest losses) to meet the needs of the growing population

and generate export business (Gulati et al.,2024).

Understanding science, technology and research can contribute to innovation that leads
to longevity and productivity. Make everything fresher, tastier. This study focuses on designing
strategies to reduce post-harvest losses along the farm-to-table value chain. Emphasis will be
placed on egg storage, transportation, qualities, and shelf-life validation. Research will also
explore microbial pathogens in the eggs while stored for a long period, identifying technologies
to increase shelf life without compromising qualities. The project’s goal is to develop a
transportable Phyto biotic spray for eggs that will lengthen their shelflife and promote ecologically
friendly poultry husbandry. Having agencies such as FSSAI and BIS oversee compliance will

increase the effectiveness of these imitiatives.

Nowel strategy for enhancing the shelf life stability of table eggs under varied storage conditions 6
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Objective

1 To evaluate the efficacy of herbal-based egg spray in transported eggs for
reducing microbial spoilage and improving shelf life at different storage

temperature.

2. To study theeffect of her bal-based egg spray on cold stored eggsfor improving
shelf life.

&5 2 2
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REVIEW OF LITERATURE

2.1 Understanding Post-Harvest Loss (PHL) in Poultry: Key
Concepts and I mplications
According to Kader (2002), postharvest loss is characterized by the weakening in
both amount and the quality of nourishment generation from point of gather to utilization.
Quality losses relate to modifications in nutrient/caloric composition, worthiness, and edibility
of an item, especially predominant in created nations. These natural losses include inside and
outside biochemical changes that affect colour, flavour, wholesome quality, and calorific esteem

without a critical alter in weight or volume.

In differentiate, quantitative loss, being very serious in nature, comes about in a decay
within the esteem inside of a supply chain due to lacking post-harvest administration hones.
Variables contributing to this sort ofloss incorporate dampness loss, physical harm, deterioration,
decaying, senescence, and bacterial/fungal diseases, as sketched out (Kader, 2002). This
comprehensive definition highlights the multifaceted nature of postharvest losses, including

both subjective and quantitative dimensions.

Postharvest losses along the nourishment chain make agriculturists lose salaries and
irritate nourishment frailty and destitution (Robinson and Kolavelli et al.,2010). The losses are
essentially classified into two: corruption in both amount and the qualities of nourishment (Kiaya
etal.,2014). Agreeing to Kitinoja and Gorny (1999), in creating nations, amount losses are

more common than quality losses. Thinks about have too uncovered that different components
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impact postharvest losses. For case, Weir and Knight (2000) and Mutanyagwa, Isinika, and
Kaliba (2018) detailed that instruction impacts farmer’s postharvest losses. Babalola (2010),
on another side of it, uncovered a relationship between farmers cultivate estimate and their
postharvest losses. Advance, other ponders uncovered that the nature of street features a
coordinate connection with the sort oftransport framework utilized by agriculturists and dealers,
which, in turn, impacts their postharvest losses (Kader et al.,2005). For occasion, smallholder
makers who cannot bear trucks with cooling offices resort to taxis (Ortmann and Ruler &t
al.,2010) or open enormous trucks uncovered to the searing sun for an expanded period,
expanding the disintegration of commodities. Studies by Thompson (2003), Watson (2016),
Komarnicki (2016), Barska and Wyrwa (2016) uncovered that the sort and nature of bundling
fabric exceedingly impact postharvest losses of items. Moreover, the mechanical stacking of

create can leads to splits or bruises (Ahmadi et al. 2012; Komarnicki et al. 2016).

Farm and : E
demographic Grading, Serting
characteristics and Packaging Transportation Marketing/Sales

v v
> [ Postharvest Loss k

.
Management
strategies

Fig.2.1: Under standing of Post harvest loss

The conceptual systemin Figure 1 was outlined based on writing audit on the postharvest
losses of rural commodities (Kader et al. 2005; Mutanyagwa, Isinika, and Kaliba et al. 2018;
Weir and Knight et al. 2000) and more particularly on eggs (Lat and Reyes et al. 2017).
From Figure 1, the cultivate and statistic characteristics such as sexual orientation, cultivate

measure, instruction, involvement, FBO support, nature ofthe street and the sort of transport

Nowel strategy for enhancing the shelf life stability of table eggs under varied storage conditions 6
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utilized were hypothesized to impact the exercises and stages of postharvest losses in egg
generation. Moreover, the different postharvest exercises included in egg generation are
reviewing, sorting and bundling of eggs. Other stages included are the transportation of the
eggs, promoting and the deals of egg created. Postharvest losses do happen in all of these
stages or exercises along the egg value-chain prepare. Diverse techniques will be required in
overseeing the causes of egg postharvest losses. These procedures might be upgraded into
approaches to oversee and decrease the postharvest losses experienced by ranchers and

marketers inside the egg esteem chain.

The Service of Nourishment Preparing Businesses (MOFPI, 2022) considers losses
amid gathering and ensuing stages as post-harvest losses. Emphasizes the tall perishability of
eggs along with eggs products items, focusing the quick degrading without an exclusive cold
chain. Eggs are regarded unusable indeed with minor absconds, posturing a potential chance

for hurtful microbiological action and wellbeing costs (Panda, 1989).

Several considers, counting those by FAO (2011) and Kumar (2017), have pointed
to comprehend the variables contributing to post-harvest losses and define procedures to
moderate their effect on nourishment frameworks, with the potential to lighten hunger.
Karwowska (2021) give a definition of post-harvest losses in poultry, characterizing them as
happening from cultivate to fork and traversing stages such as preparing, transportation, and
capacity until coming to the shopper. These losses have a critical effect on the productivity,
benefit and supportability of poultry sector. Viably tending to such losses requires a
comprehensive approach, joining progressed preparing strategies, upgraded transportation
frameworks, updated capacity offices, strong quality control along its measures and expanded
mindfulness among partners with respect to minimizing losses at each organize of poultry supply

chain, as highlighted (Onwude €t al. 2020).
2.1.1 Economicsof the Post Harvest L ossTowardsthe Poultry

Poultry post-harvest losses, as characterized by Jha (2015), envelop financial losses
caused amid the dealing with, transportation, and capacity of poultry items, particularly eggs
and meat. These losses transcendently emerge from variables such as deterioration, defilement,

and dishonourable dealing with practices.

Nowel strategy for enhancing the shelf life stability of table eggs under varied storage conditions 6
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As per ICAR-CIPHET Consider (2015) appears that postharvest loss ofegg sector
is around 7.19 % and the according to the study of NABCONS in 2022 underscores the
considerable financial impacts of post-harvest losses inside poultry egg sector is 6.09 %.
These losses not as it were reducing benefit for ranchers but moreover contribute to expanded

costs for buyers, went with by the wastage of important assets all through supply chain of

poultry.

Several thinks about, counting one by Pradhan (2018), emphasize the noteworthy
size of post-harvest losses in the poultry segment. Gauges recommend that losses in broiler
bird’s meat can shift from 05% to the 20%, unexpected upon capacity and transportation
conditions. Essentially, field ponders, like by Jayathilakan (2012), report egg generation losses
extending from the 10% to 15%. These discoveries emphasize the horror of addressing post-
harvest losses within poultry sector to upgrade financial maintainability and asset utilization

efficiency.

As per Spang (2019), the financial effects of post-harvest losses amplify past the
coordinate costs of ruined items, enveloping costs related to environmental pollution, transfer
and the misusing of assets contributed within the generation handle. Furthermore, these losses
canresult in a reduced accessibility of poultry items within the showcase. Successfully tending
to these multifaceted issues requires to collaborative exertion including agriculturists,
policymakers and processors to actualize procedures that diminishes the wastage along with

the improve the in general proficiency of supply chain of the poultry.

Potential solutions for reducing post-harvest losses are provided by Alakali (2019).
These include the use of advanced conservation advances, improvements in transportation
offices, and the selection of appropriate care and capacity enhancers according to NABCONS-
2022, poultry meat, drain, marine angle, and inland angle account for about 67.69% of the
total loss in animals created, or 1,52,790.42 crores. Eminently, poultry eggs and meat, owing
to their tall perishability, contribute to 21.70% of animals deliver losses, comparable to 2.35%
of national GDP for the primary quarter of year 2022-23. Particularly, the poultry meat sector

encounters a generally post-The need for thorough research to improve effectiveness and

Nowel strategy for enhancing the shelf life stability of table eggs under varied storage conditions 6
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maintainability within the Indian broiler industry is highlighted by the notable lack of a thorough
study examining the extent ofthese losses, the factors influencing them, and effective techniques
for minimizing such losses.harvest loss of'5.63%. These figures emphasize the critical financial
effect of post-harvest losses within poultry sector, justifying intensive endeavours to play down
such losses and reinforce the sector’s sustainability. According to a 2011 report by Nourishment
and Agribusiness Organization (FAO) centring on worldwide nourishment losses in Europe,
counting Russia, losses were assessed at different stages. Roughly 5% of losses happened
amid preparing and bundling and an extra 4% amid dispersion. These losses were particularly
related with meat, counting poultry meat. Within the setting of Indian broiler sector, emphasize
the potential for considerable financial losses ascribed to live shrivel amid transportation and
the holding (Prakash and Prabakaran et al., 2020). In spite the of sector’s significant esteem,
there has been a striking nonappearance of a comprehensive consider surveying degree of
these losses, the components affecting them, and successful methodologies for minimizing such
losses. This underscores the require for in-depth inquire about to upgrade effectiveness and

maintainability inside the Indian broiler sector.
2.1.2 Post-Harvest Loss of the Eggs

The matter of postharvest losses in poultry, with a specific centre on eggs, speaks to
an outstanding concern, with inquire about in this space being generally restricted compared to
closely resembling thinks about in crops. (Kumar et al.,2017) clarify that these losses stem
from a combination of coordinate physical losses and diminishments in quality, subsequently
reducing the financial esteem of egg items. Beneath extraordinary conditions, such as
inappropriate taking care of or capacity, the potential exists up to 80% loss of the full egg yield.
This underscores the criticalness of tending to postharvest losses into the poultry sector,
emphasizing the require for comprehensive investigate and successful moderation techniques

to upgrade financial supportability and minimize squander. (Fox et al., 2013).

In order to ensure food security, postharvest losses must be minimized. This is particularly
important in developing countries, where losses can sometimes exceed 50% as a result of

inefficient innovation, a lack of expertise in handling crops, and the requirement for calculated

Nowel strategy for enhancing the shelf life stability of table eggs under varied storage conditions 6
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returns (Adarkwa et al., 2011). Post-harvest losses for eggs at the national level were reported
in a ponder (ICAR-CIPHET 2015) as 7.19 percent, although this figure appears to have
decreased to 6.09 percent in the NABCON-2022 report. Long showcase outlets were found
to contribute to higher losses compared to brief ones. In a comprehensive ponder on post-
harvest losses inside the egg supply chain in India, (Hegazy et al.,2016) assessed the losses to
extend fromten to twenty five percent. The financial repercussions of these losses amplify past
the coordinate costs of spoiled products, enveloping costs related to transfer, natural
contamination and the wastage ofassets contributed within the generation prepare, as sketched
out (Spang et al., 2019). Successfully tending to and relieving these losses is basic for

guaranteeing the in general productivity and supportability of poultry sector.

Since chicken eggs contain 96% natural protein and other nutrients, they have been
used for a long time. While lacking in vitamin C and low in calcium, chicken eggs are a great
source of vitamin D. Seventy-five percent of an egg is water. While making up only one-third
ofthe edible portion, yolk provides 78% ofthe calories, almost all ofthe calcium, phosphorous,
zine, press, vitamin B6, B12, A, folic acid, and thiamine, as well as almost half of the protein
and riboflavin of the whole egg (Réhault-Godbert S et al., 2019). Yolk of the egg is bound
with the vitelline film in circular shape. Egg whites add up to strong substance ranges from 11-
13% (P.V. Sreenivasaiah, 2006). Egg whites is within the four layers external lean white,
external thick white, inward lean white, chalaziferous layer 23.2%, 57.3%, 16.8%, 2.7%
separately. pH of freshly laid eggs whites is almost 7.6-8.5 and yolk is 6.0, but this esteem may
increment to 9.0 and 6.4-6.8 amid capacity separately. Eggs contain a few cancer prevention
agents which decrease free radicals emerging from cellular digestion system. Positive affiliations
between oxidative stretch and the frequency of persistent maladies, such as cancers and heart

infections, have been detailed (Rao and Rao et al., 2007).

Turning over to the composition and structure of eggs, their distinctive strategy protects
both the developing foetus and the quality and freshness of the egg. The different components,
counting the eggshell, external and inward shell layers, egg albumen and yolk, each satisfy
particular parts in this respect. Eggs stand out as healthfully thick, advertising basic amino

acids, proteins, vitamins (A, D, B12, choline) and minerals (press, zinc, selenium), rendering
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them a profitable and flexible choice within the domain of dietary options. The exchange between
egg capacity termand temperature is of foremost significance within the upkeep of the egg
quality. Drawn out storage at surrounding temperatures postures the chance of lessening
freshness, supplement substance, and overall quality, though refrigeration serves as relieving
calculate, impeding weakening. Ideal capacity conditions, including both term and temperature,
play a significant part in the maintaining security measures and quality of the eggs for buyers.
Logical examinations emphasize the noteworthy effect of capacity length and the temperature
on the egg quality. Refrigeration develops as a prescribed improve to maintain inner egg qualities,
with a recommended greatest capacity term of 30 days, whereas room temperature capacity
ought to be constrained to 15 days. Different components, counting temperature, egg age,
mugginess, taking care of eggs and capacity conditions, collectively contribute to complex
flow affecting inner egg quality. Proactive thought and administration ofthese components are
basic to reduce postharvest losses and guarantee the persevering freshness and security of the

eggs for observing customers (smith et al., 2023).
2.1.3 Effect of Transportation on Egg

The oscillations resulting from transportation are impacted by factors such as road
surface conditions, distance, travel speed, load, and specific truck attributes, including suspension
and axle count (Singh etal., 1991; Pierce et al., 1992). The influence of transportation on
agricultural products is contingent upon the type of packaging employed (Shulte Pason etal.,
1990). In previous studies, Panda et al., (1973) observed a notable 16% decline in Haugh
units for eggs subjected to journey hazard tests and packaged in wooden boxes compared to
control eggs. Additionally, Adam and Skinner (1963) noted a maximum 10% difference in
Haugh units among eggs positioned differently during a 1900 km refrigerated transport, with a
peak decrease of 18%. Transport-related stresses may affect the physical characteristics of
the vitelline membrane—yolk system. Notably, there were no significant disparities in air cell
height (Berardinelli et al., 2003). Jarring due to uneven road surfaces or potholes has the
potential to augment cracked eggs while also leading to the detachment of the air cell membrane
from the shell membrane (Knox and Olsen 1936). Roland (1988) estimated cracked egg

percentages in Grade A cartons at the destination (retail store) to range from 5 to 7%. During
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distribution, packages within a shipment are subject to varying handling conditions, influenced
by truck suspension systems, traffic density, road conditions, package location on the truck,
and atmospheric conditions (Nethercote et al., 1974). A substantial portion (over 55.00%) of
egg breakage occurs at the bottom, particularly in the absence of cushioning in cartons packaged
in plastic crates, resulting in cracks predominantly on the top or bottom ofthe shell. This aligns
with the findings of Denton et al., (1981), where 56.28% of broken eggs had damage on the

bottom, corroborating the present study.

The vibrations due to transportation are influenced by road roughness, distance, and
travelling speed, load, some characteristics of the truck such as the suspension and the number
ofaxles (Singh etal., 1991; Pierce et al., 1992), the effects of the transportation on agricultural
products depend on the type of packaging (Shulte Pason et al., 1990) some types of packaging,
such as bulk bins, can remarkably amplify vibrations during transportation from the bottom to
the top of the shipment column (O’Brien et al., 1965; O’Brien & Guillou et al., 1969). The
present researchreviews the effects of transport vibrations on the parameters describing the
egg quality: Haugh unit, vitelline membrane strength and air cell height (A. Berardinelli; V.
Donatietal., 2003).

In simulated tests, the highest breakage rates were observed after 75 and 180 minutes,
accounting for 40.70% and 43.02%, respectively. Notably, there was no significant difference
in breakage rates for eggshells packed in corrugated boxes based on exposure time. However,
Expanded Polystyrene (EPS) cartons packed in plastic crates exhibited less breakage at 15
minutes compared to after 75 and 180 minutes (Seydim and Dawson, 1999). Romanoffand
Romanoff(1949) proposed that water diffusion from albumen into the yolk during egg incubation
results in yolk swelling, causing stretching and weakening of the vitelline membrane. This
weakening could be due to the loss of a membrane layer or digestion by a tryptic protease in
the albumen. Keener (2006) demonstrated that the Vitelline Membrane Strength ofthe yolk,

evaluated based on its breaking strength, is contingent upon storage time and conditions.

Ensuring shell strength is imperative to prevent damage during handling and preserve

eggs during transport from farm to market. The design of egg production, processing, and
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packaging systems must account for the physical properties of eggs and their resistance to
damage from mechanical shock (Altuntas and Sekeroglu et al., 2010). For effective
preservation during transport, eggshells must possess sufficient strength to prevent cracking
(Altuntas and Sekeroglu et al., 2008). Factors such as egg shape index and shell thickness
influence the proportion of damaged eggs during handling and transport (Anderson etal.,
2004). Furthermore, the USDA (1938) highlights that a larger air cell results in weaker egg
contents, facilitating deterioration. This observation suggests that air cell size can serve as a
tool for detecting egg freshness. BIS 2023 guidelines recommend storing eggs at temperatures

between 0-7°C for a period of three months with a relative humidity of 75 to 80 percent.
2.2 Cold Sorage of Egg along with Coating

Washed and unwashed eggs were subjected to storage under six different scenarios,
and both types of eggs were stored at temperatures up to 35°C to evaluate the sell-by-date.
Despite temperature fluctuations or continuous storage at 30°C for 5 days, subsequent storage
at 10°C resulted in significantly higher Haugh unit and yolk index on day 15. These results
indicate that refrigerating eggs from retail sales until consumption is effective for egg quality
management, despite the exposure of up to 35°C during distribution. In terms of sell-by-date
evaluation, washed eggs retained class B quality for an additional 37 days beyond the
recommended sell-by-date at 15°C, which is above the regulated storage temperature.
However, unwashed eggs-maintained class B quality for approximately 20 days at 30°C—
35°C, emphasizing the need for sell-by-date guidelines for unwashed eggs (Ji-hoon etal.,
2023). Consumers in South Korea typically acquire eggs stored under refrigeration conditions,
in contrast to consumers in India (100%) and Thailand (36%) who predominantly purchase
eggs stored at ambient temperature. After acquisition, a substantial majority of consumers in
South Korea (89%), Thailand (74%), and India (80%) opt to store their eggs within a refrigerated
environment (Koppel et al., 2014). Given the prevailing average annual temperatures in these
regions, maintaining eggs at room temperature would significantly impact the overall shelf life
of'the eggs (Koppel etal., 2016). Various coating materials, including chitosan, proteins, and
oils such as mineral oil, have been investigated for their efficacy in preserving the internal

quality of eggs (No et al., 2005; Kim et al., 2006, 2009; Caner and Cansiz et al., 2008).
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Mineral oil has been identified as a highly effective sealant for eggshells and is currently employed
in coating commercial table eggs (Stadelman, 1995). Earlier studies (Stadelman & Wilson,
1958; Kamel et al., 1980) demonstrated superior quality in eggs coated with mineral oil
compared to non-coated eggs. However, limited information is available regarding the impact
of long-term storage, especially under refrigerated conditions, on the internal quality of eggs
coated with mineral oil, except for the study by Biladeau & Keener (2009). Our research
group (Waimaleongora-Ek et al., 2009) conducted a study on the quality and shelf-life of
eggs coated with mineral oil exhibiting six different viscosities and stored at 25°C for 5 weeks.
The findings revealed that the mineral oil coating with a viscosity of 26 mPa.s significantly
reduced weight loss in eggs by more than tenfold (approximately 0.85% for coated eggs
compared to 8.78% for non-coated eggs) and extended the shelf life of chicken eggs by at
least 3 weeks compared to non-coated eggs, i.e., a shelf life of 5 weeks compared with 2

weeks, respectively.

Refrigerated storage at 4°C significantly minimized the weight loss ofboth coated and
noncoated eggs. For instance, the weight loss (8.71%) of noncoated eggs after 10 weeks
(about 2 and a half months) of storage at 4°C was slightly lower (not significant) than that
(9.23%) of noncoated eggs after 5 weeks of storage at 25°C. The weight loss (0.54%) of
mineral oil-coated eggs after 10 weeks (about 2 and a half months) at 4°C was significantly
lower than that (0.85%) of mineral oil-coated eggs after 5 weeks at 25°C. The mineral oil
coating effectively reduced the weight loss of eggs by at least ten times after 15 weeks (about
3 and a half months) at 4°C (1.19% for coated and 12.44% for noncoated eggs) or after 5
weeks at 25°C (0.85% for coated and 9.23% for noncoated eggs). This observation aligns
with the findings of Waimaleongora-Ek et al., (2009).
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Comparison of Eggdistribution regulationsacrossWorld

Nation Distribution? Storage temperature Sell-by-date
Korea WE 0°C-10°C 45 days
UE 1°C-35°C ND
United States WE Below 7.2°C 30 days
Canada WE Below 10°C ND
European Union UE Above 5°C 21 days

Permitted types of eggs that can be distributed.
WE, washed eggs; UE, unwashed eggs; ND, not determined.

(Ji-hoon et al., 2023)
2.3 pH of Egg

The estimation of pH in eggs, enveloping both egg yolk and egg albumen (egg whites),
could be a significant figure that essentially impacts eggs quality and usefulness. Silverside et
al., (1994) have recognized the utility of pH as an important apparatus for characterizing
modifications in egg albumen’s quality over capacity periods, though noticing its time-consuming

nature.

In a late laid egg, the pH ordinarily falls inside the run of 7.6 - 7.8, rendering it gently
antacid, as famous (Chandrasekara and Shahidi et al., 2012). The egg albumen’s pH encounters
an upward move because of the CO, loss from the egg amid capacity, driving to an increment
in pH and dry matter, thus diminishing the thickness of the egg, as explained (Samli et al .,
2005). The maturing preparations of eggs, like the archived (Scholtyseek et al., 1981), comes

about in a decay in thickness and actuates changes in taste and flavor.

Heath (1977) point by point that in recently laid eggs, the egg white’s pH falls inside
the extent of 7.6 to 8.5. As capacity advances, the egg white’s pH experiences an increase,
coming full circle in a top esteem of roughly 9.7, unexpected upon temperature varieties.
Conflictingly, (Sharp and Powell etal., 1931) watched that after 3 days of capacity at 3 °C,
the egg whites pH stabilizes at 9.18.(Li-Chan et al., 1995) detailed a steady egg whites pH

close 9.4, notwithstanding of capacity temperatures traversing from 3 to 35°C over 21 days.
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The rise in egg white’s pH is credited to the loss of CO, through the shell pores, unexpected
upon variables like broken up CO,, bicarbonate particles, carbonate particles, and protein
balance. Bicarbonate and carbonate particle concentrations are subject to the fractional CO,

weight within the outside environment.

In recently laid eggs, the yolk pH ordinarily approximates 6.0; in any case, amid
capacity, it continuously rises, coming to a run of 6.4 - 6.9. Maintaining egg quality all through
taking care of and dissemination requires unflinching perseverance from all included work
force. It is pivotal to recognize that quality of an egg, once laid, cannot be upgraded, underscoring
the fundamental significance of protecting quality from its inception. The acidic nature of egg
yolk is proved by its lower pH, extending from 6.0 - 6.2, as built up (Farrell et al., 1998). In
differentiate, egg white shows alkalinity with the next pH which is around 7.6 - 8.0, outperforming
that of the yolk, as detailed (Monge €t al., 1999). The perceivable pH qualifications between
egg albumen and yolk play an essential part in managing different useful properties, counting
protein soundness, emulsification, and frothing capacity, as clarified upon (Abeyrathne et al .,
2013). These unique pH levels over distinctive egg components moreover apply impact on
microbial development and chemical exercises, in this manner applying a significant effect on
egg security and quality all through capacity and preparing, as demonstrated (Mine and Oberle
etal., 2002). It is basic to work out fastidious observing and control over egg pH inside the
nourishment sector, a basic underscored (Anton et al., 2002), to ensure their freshness,

steadiness, and security of both eggs and eggs inferred products.

It is detailed that ideal duplication of Salmonella happens at a pH run of 4.5-9.0.
Salmonella spp. Will develop to a wide pH extent of 3.8-9.5, with an ideal pH run for growth
of 7-7.5 (ICMSF 1996). No increase and expansion happen if the egg is kept at 4°C. Indeed,
ifthe Salmonella passed through the eggshell, soluble pH and nearness of lysozyme, conalbumin

and other bioactive components anticipate sudden duplication of Salmonella.
2.4 External Quality of the Egg

External Quality of the Egg includes physical characteristics of egg’s generally

appearance and its shell. The external surface of an eggs shell is encompassed by the cuticle
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which could be a waxy natural layer; its thickness in chickens ranges from 0.5 to 12.8 um
(Parsons et al., 1982). The eggshell cuticle thickness is almost 1 pm within the red junglefowl
(Gallus gallus). Eggshell films are composed of protein (around 95%) with a little amount of
polysaccharide (Parsons et al., 1982). The internal shell layer of the chicken is approximately
20 pum, and the external layer is approximately 50 pm thick. These films anticipate the entrance

of microorganisms into the egg (Nys and Gautron et al., 2007).

Key parameters related to outside egg quality serve as pivotal markers ofthe egg’s

cleanliness, freshness, and general quality. Here are a few noteworthy outside quality parameters:
24.1 Eggshel Quality

This incorporates traits such as eggshell color, surface and eggs cleanliness. A clean,
perfect shell and smooth is by and large considered as a sign of better quality (Bain et al .,
2016).

24.2 EggEdgimate

Egg estimate may be pivotal parameter, regularly measured by weight or categorized
nto distinctive estimate grades. Weight of egg is a basic figure affecting both customer inclination
and commercial egg reviewing benchmarks (Silversides & Scott et al., 2001; Rathgeber and
Sharma et al., 2014). These parameters play an imperative part in deciding the outside eggs
quality and are critical contemplations for both buyers and egg sector. There are a few vital

quality of eggs parameters which are enrolled below:
24.3 Eggshell Color

The color of eggshell can change from white color to different shades of brown, blue,
or green, impacted by breed of feathered creature and the nearness of shades within the slim

down (Bain et al., 2016).
24.4 Texture of Eggshell

The surface ofeggshell is significant for its cleanliness and security of the inner substance.
A uniform and smooth surface is considered as a sign of great outside quality ofegg (Jones et

al., 2018).

Nowel strategy for enhancing the shelf life stability of table eggs under varied storage conditions 6



Review of Literature...

24.5 Thicknessof Eggshell

The thickness ofan eggshell is a vital parameter influencing egg quality, resistance to
breakage, and defilement. It is affected by components like the bird’s age, nourishment and

breed (Vilarino et al., 2012).
24.6 ShapeofanEgg

Egg shape indicates to the general frame of egg, changing from circular to the oval or
stretched. The shape can influence shopper discernment and appropriateness for distinctive

culinary applications (Rodenburg et al., 2018).
24.7 Sizeof an Egg

Egg measure is decided by weight ofan egg and can affect customer inclinations and

item utilization (Abdul Azeez et al ., 2018).
24.8 Srength of Eggshell

Eggshell quality is vital for ensuring the substance of egg amid dealing with transportation.
Eggshell quality affected by variables like calcium accessibility, winged creature sustenance

and age (Samiullah et al., 2016).
249 Poresof Eggshell

The number of eggshell pores and estimate of the pores on eggshell influence egg’s
capacity towards the trade of gases with the outside environment, impacting shelf life and
freshness. There are 7000-12000 pores on egg shell. Maximum number of pores found on

broad end of an egg (Bain et al., 2016).
2.4.10 Contamination of Eggshell Surface

The visible dirt and fecal defilement on eggshell can affect shopper recognition and
cleanliness. Appropriate egg dealing with, and cleaning hones are basic to preserve outside

quality of egg (Jones et al., 2018).
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2.4.11 Egg Shapelndex

The shape ofan egg, measured as proportion of length the of the egg to eggs width, is
utilized to survey egg shape consistency. It plays a pivotal part in determining eggshell’s strength
and can change over distinctive strains of the hen and breeds (Monira et al., 2003; Roberts

and Willenberg et al., 2016).

2.5 Internal Egg Quality

Internal egg quality is related to the characteristics of the egg’s components, including
the yolk, egg white (albumen) and chalaza. These components play a vital role in indicating the
freshness ofthe egg, its nutritional value and its suitability for various food processing applications.
The assessment of internal egg quality encompasses the functional, sensory and microbiological
properties of both the egg yolk and egg whites. For a fresh egg, the ideal composition consists
ofapproximately 32% yolk, 58% egg albumen, and 10% shell (Leeson et al., 2006).

The egg albumen is composed of four distinct layers. The first is the chalaziferous
layer, or chalazae, which surrounds the yolk and constitutes about 3% of the egg albumen. The
second layer is the inner thin albumen, making up 17% of'the egg albumen and enveloping the
chalazae. The third component is the thick albumen, comprising 57% of the egg whites, which
forms a protective barrier for the inner thin albumen and the yolk, located at each end ofthe
egg. Finally, the outer thin albumen accounts for 23% of'the egg albumen and lies just inside the
shell membranes, where it connects to the thick albumen (USDA, 2000). Yolk color is a
significant internal quality parameter, influenced by the hen’s diet, particularly the levels of

carotenoids (USDA, 2000).

Albumen provides both physical and chemical barriers to microorganisms. The physical
barrier is attributed to its viscosity, which is a result of carbon dioxide/pH-dependent interactions
of ovomucin and lysozyme, preventing microbial growth. The thick structure of egg albumen
and the integrity of the chalazae are believed to be due to ovomucin, a glycoprotein that
exhibits anisoelectric pH of 10.2. Thick egg whites contain ten times more ovomucin than thin
egg whites, and ovomucin consists of two components: 4 (carbohydrate-rich) and a
(carbohydrate-poor), which are non-covalently bonded. The 4-ovomucin appears to be

particularly responsible for the thick properties. It is hypothesized that the structure of thick
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albumen arises from the interaction between acidic ovomucin and cationic lysozyme, with

lysozyme co-precipitating with ovomucin.

Loss of carbon dioxide results in an increase in the pH ofegg albumen (Akyurek and
Okur et al., 2009), leading to structural changes that render the albumen waterier and decrease
its quality (Hurnik et al., 1978; Lapao et al., 1999; Jones and Musgrove et al., 2005). The
albumen of a freshly laid egg has a pH ofapproximately 7.6, which canrise to 9 or higher with
prolonged storage (Quicker et al., 2000).

Not only does the thick and thin albumen become less viscous, but the chalazae,
which helps center the yolk within the egg, deteriorates with extended storage and pH changes
(Frommet al., 1967). The vitelline membrane of the yolk weakens over time, losing its elasticity
and allowing water to diffuse into the yolk from the albumen, causing the yolk to flatten and
making the membrane more prone to rupture during breaking (Zeidler et al., 2002; Jones and
Musgrove et al., 2005). Introducing carbon dioxide into the storage environment of eggs
inhibits the movement of water from the albumen to the yolk (Romanoffand Romanoffetal.,
1949), helping to preserve albumen quality and acid-base balance. The age of the egg and its
suitability for various culinary applications can be assessed by evaluating the size and position
of'the air cell (Jones et al., 2016). Furthermore, the internal quality ofthe egg is influenced by
its pH, a critical parameter for both freshness and functional properties (Farrell et al ., 1998).
The decline in internal egg quality post-laying is attributed to the loss of water and CO, through
the shell, resulting in a shift in pH that leads to a waterier albumen due to the breakdown of
thick albumen protein structures. The cloudy appearance of egg albumen is also a result of
CO, loss; as the egg ages, the reduction in CO, causes the albumen to become more
transparent, distinguishing it from fresh eggs. The surface quality ofthe eggshell is important for
protecting the internal contents. A consistent, smooth surface is indicative of good external egg

quality (Jones et al., 2017).
251 AlbumenHeght

The egg albumen height refers to the stature ofegg albumen and is utilized, in conjunction
with egg weight, to calculate Haugh unit. A more noteworthy egg albumen height is characteristic

of superiority of freshness of egg and quality (Nys et al., 2007).
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2.5.2 Yolk Color

The color of egg yolk may be basic quality characteristic that shapes shopper
discernments of both quality of egg and wholesome esteem. The essential determinant of'yolk
color is the eat less of laying hen, with diets wealthy in carotenoids driving to more strongly and

darker-colored yolks (Hargis et al., 1977).
25.3 YolkIndex

The egg yolk list, which is ratio of yolk height to yolk width, Performs the role of a
metric for assessing yolk quality and its freshness. An increased yolk Index is demonstrative of

prevalent yolk quality, as emphasized (Khalifa and Mahmoud et al., 2010).
254 Yolk Weight

The weight of the egg yolk serves as an indicator of the egg’s nutritional content,
influenced by factors such as the age and breed of the hen. Yolk weight can be positively

affected by maintaining a well-balanced diet, as recommended (Banjo et al., 2018).
25.5 Eggshell Film Quality

The quality of the eggshell membrane is significant in ensuring the strength and flexibility
ofthe egg against external pressure. Adequate mineral and calcium nutrition plays a crucial role

in affecting the quality of the shell membrane (Silversides and Budgell et al ., 2004).
25.6 HaughUnit

The Haugh unit is a crucial metric for evaluating the internal quality of eggs, specifically
measuring the height of the thick albumen (egg white) in relation to the egg’s weight. Developed
by Raymond Haugh in 1937, this measurement has become a standard in the industry for
assessing egg freshness and protein quality. The formula for calculating the Haugh unit (HU) is

expressed as:

HU=100 log [H+7.57-1.7W0.37]
Where,
h=Represents the height of the thick albumen in millimeters
w =The weight of the egg in grams.
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The Haugh unit score ranges from 0 to 130, with higher values indicating better quality.

Eggs are classified based on their Haugh unit scores as follows:

) AA quality: 72 or more
° A quality: 60 to 71

° B quality: 31 to 59

° C quality: 30 or less

The Haugh unit is typically measured using a destructive testing method, where a
sample of eggs is broken onto a flat surface, and the height ofthe albumen is measured with a
micrometer. The United States Department of Agriculture (USDA) has recognized the Haugh
unit as a reliable method for determining internal egg quality, reinforcing its importance in the

egg grading process (Haugh etal., 1937; Jones etal., 2017).

The significance ofthe Haugh unit lies in its ability to correlate the weight ofthe egg
with the height of the thick albumen, providing a more accurate assessment of freshness than
simply measuring albumen height alone. This relationship ensures that the evaluation takes into
account the size of the egg, which is essential for accurate quality assessment.

2.6 Microbiological Aspects of Egg Quality: Exploring the Microbial

Dimensions

Freshness is a critical factor in determining egg quality. After eggs are laid, their internal
quality begins to deteriorate due to the loss of moisture and carbon dioxide through the pores
of'the eggshell (Nongtaodum et al., 2013). This deterioration indicates a decline in the egg’s
quality, safety and edibility, influenced by various factors such as microorganisms, time,
temperature and environmental conditions. Fresh eggs are highly perishable due to their nutrient
and moisture content, which can promote the growth of bacteria, molds and other
microorganisms. As eggs decay, they may undergo changes in appearance, odor, taste and

texture, rendering them unsuitable for consumption (Techer et al., 2014).
2.6.1 Microbiology of Eggs: A Key Aspect of Quality and Safety

Egg microbiology is a crucial aspect of egg quality and safety. The microbiological

quality of eggs can be affected by several factors, including hygiene practices during egg
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collection, handling and storage. One of the primary indicators of deterioration in eggs is the
presence of microorganisms such as bacteria, molds and yeasts. These microorganisms can
enter eggs through contaminated eggshells or through the pores of the shell (Gantois et al.,
2009).

Freshly laid eggs are initially sterile, but the eggshell can quickly become contaminated
by fecal matter from the hen’s environment, washing water and other materials during collection.
While chicken eggs are generally free from microorganisms at the time of laying (Board et al.,
1966; Board and Tranter et al., 1995), the shell can easily become contaminated shortly after
laying. The number of microorganisms on an eggshell can range from 300 to 500 at oviposition
and under appropriate temperature and humidity conditions, these numbers can rapidly increase
t0 20,000 or 30,000 within just one hour after laying (Macnorth and Chime et al., 1990). The
microbial population on the eggshell can vary widely, with counts ranging from hundreds to

tens of millions, averaging around 100,000 (Board and Tranter et al., 1995).
2.6.2 Pathwaysof Microbial Contamination

Microorganisms can contaminate eggs through two primary pathways: vertical and
horizontal transmission. The total number of microorganisms per hen’s egg shell has been
reported to range from 10? to 10w, with an average of 10u . Pathogens such as Salmonella

spp. may be found on the shell or inside the egg (Techer et al., 2013).

Most microbial contaminants ofeggs are gram-negative bacteria, with enteric pathogens
like Salmonella enteritidis posing the most significant risk. The contents ofeggs provide an
excellent medium for bacterial growth, raising concerns about the potential for contamination
by pathogenic microbes, particularly S enteritidis, in egg production and processing industries
(Baranand Janetal., 2011).

As eggs age, their natural defenses, such as the cuticle, gradually weaken, increasing
their susceptibility to microbial attack (Aristocrat et al., 2007). Elevated levels of spoilage
microorganisms can lead to undesirable flavors and odors and may pose health risks to
consumers (Kassaify et al., 2020). Therefore, continuous monitoring of egg microbiology and
the implementation of appropriate storage and handling practices are essential for ensuring the

microbiological safety and quality of eggs (Sim et al., 2019).
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2.6.3 FactorsinfluencingMicrobial Growth

According to Board et al. (1965), the development of chromogenic microorganisms
or the activity of bacterial hydrolytic enzymes are the initial causes of bacterial spoilage in shell
eggs. This occurrence is highly dependent on hygiene conditions during egg production, handling,

transportation and of course, storage duration and temperatures.

Microbial growth is particularly favorable in the egg yolk, which is rich in nutrients and
has a physiological pH, while the egg white is less conducive to bacterial growth due to its lack
of essential components, including iron, an alkaline pH and various antibacterial molecules.
While gram-positive bacteria are more prevalent on the shell, they have a lower capacity to
penetrate the egg’s natural defense mechanisms. In contrast, gram-negative bacteria, primarily
Salmonella, are more mobile and less nutritionally demanding, making them more likely to

breach barriers and proliferate (Harry et al., 1963).

According to Board and Fuller (1994), a period of 7 to 20 days at room temperature
is required for microorganisms present on the shell to be detected within the egg contents. It is
crucial to note that consuming spoiled eggs can pose health risks, as harmful bacteria like
Salmonella can multiply within them. To minimize the risk of egg spoilage, it is advisable to
store eggs in their original carton in the refrigerator at temperatures below 45°F (7°C) and to
check for signs of spoilage before using them in cooking or baking. When in doubt, it is better
to discard eggs that show any signs of deterioration to avoid potential foodborne illnesses

(Sreenivasaiah, 2006).
2.6.4 Horizontal Transmission of Pathogens

Shortly after laying, eggs can be quickly contaminated with pathogens through horizontal
transmission. This microbial transfer can occur on any contaminated surface that the egg comes
into contact with after laying (Board and Tranter et al., 1995). The eggshell is particularly
vulnerable to bacterial entry immediately after laying, as the egg is warmer (the hen’s core
body temperature is 42°C or 107.6°F) than the surrounding environment. This temperature
difference can create negative pressure that facilitates the entry of bacteria through the moist
pores of the shell (Board et al., 1966). Thin shells can further encourage the penetration of
microorganisms (Macnorth and Chime et al., 1990).
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Most of the bacteria found on the eggshell surface are gram-positive, with Micrococcus
being the dominant species, which is relatively resistant to drying. The egg lysozyme present in
the egg white and other proteins helps prevent the growth of gram-positive bacteria. The outer
surface of the eggshell is covered with a cuticle that acts as a barrier against bacterial intrusion.
However, alterations in the structure of the cuticle due to improper handling (such as exposure
to feces, washing, prolonged storage and cuticle damage) can enhance bacterial penetration.
The eggshell and its contents can become contaminated with various microorganisms from
multiple sources, including feces, dust, feed, housing, transportation and storage containers,

humans and other animals (European Food Safety Authority et al., 2005).
2.6.5 PreventingMicrobial Intruson

Since bacteria require moisture to penetrate the pore canal, it is crucial to keep the egg
surface dry to prevent microbial intrusion (Flashes and Board et al., 1985). The eggshell
serves as a mechanical barrier against bacterial invasion. Thus, maintaining the quality of the
eggshell is essential to reduce bacterial penetration (Sauter and Peterson et al., 1974). The
shell membrane is a complex structure made up of proteins and polysaccharides that acts as a
bacterial filter (Haines and Moran, 1940). During prolonged storage, an increase in pH can
favor bacterial growth, further underscoring the importance of proper handling and storage

practices to maintain egg quality and safety.

2.7 Preservation of Internal Egg Quality through Coating
Applications: An In-Depth Analysis of Benefits

2.7.1 Refrigeration and Coating: Complementary Approaches

Refrigeration is highly effective in preserving egg quality. Surface coating is an alternative
method to preserve egg quality, although it is less effective than refrigeration (Nongtaodum &t
al., 2013). During the first half ofthe 20th century, storing eggs in refrigerated warchouses was
a common practice. Preservation was later advanced with the introduction of carbon dioxide
into the cold storage air. Nowadays, very few, if any, cold storage eggs find their way to the
retail market. Cold storage temperatures below 8°C limit the growth of most microorganisms

and related mesophiles and slow down the loss of internal quality (Humphrey et al., 1994).

Nowel strategy for enhancing the shelf life stability of table eggs under varied storage conditions 6



Review of Literature...

2.7.2 Coating'slmpact on Internal Quality

The application of coatings extended the preservation ofinternal egg quality parameters,
including Haugh Unit (HU), Yolk Index (YT) and pH, by up to 4 weeks compared to uncoated
eggs. Uncoated eggs showed significantly inferior values (P <0.001) for HU (54.45), albumen
pH (9.18) and Yolk Index (0.28) after an 8-week storage period. Interestingly, among all
coated eggs, mineral oil showed the most promising results, with average HU (70.54), pH
(8.48) and Yolk Index (0.35) values following storage. This emphasizes the effectiveness of
coatings, especially mineral oil, in protecting and improving key internal quality indicators during

extended storage periods (Pires et al., 2018).

Heath (1977) observed that by preventing carbon dioxide (CO2) loss through the
shell oiling, there was consistent maintenance of albumen pH at 8.3 over a 7-day storage
period at 22°C. In contrast, when oiled eggs were stored at a lower temperature of 7°C, the
albumen pH experienced a slight decrease from 8.3 to 8.1 within the same seven-day period
(Li-Chan et al., 1995). Furthermore, the use ofrice protein coating has emerged as a practical
approach for extending the shelflife of eggs during storage. Eggs coated with varying rates of
rice protein concentrate (RPC) in solution, particularly at concentrations of 10% and 15%
RPC, have demonstrated to be an effective strategy for maintaining the internal quality of eggs

when stored at room temperature, as highlighted (Pires et al., 2018).

Waimaleongora-Ek (2009) conducted a study demonstrating the effectiveness of mineral
oil coating in maintaining the internal quality of eggs. Using Haugh unit and yolk index as
indicators, the study showed that mineral oil coating increased the shelflife of eggs by at least
3 weeks at 25°C compared to uncoated eggs. In separate studies, Jirangrat (2010) and Jones
(2018) reported a significant reduction in weight loss in eggs coated with mineral oil, even after
15 weeks (about 3 and a half months) of storage. This is due to the barrier caused by oil
coating to gas exchange. Furthermore, Nongtaodum (2013) demonstrated that eggs coated
with edible oils, including rice bran, coconut, palm and soybean oil, preserved the internal
quality of'eggs for at least 4 weeks longer than uncoated eggs. That’s a threefold increase in

the egg shelflife observed in the oil-coated eggs.
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Oil-coated eggs had a longer shelf life than non-coated eggs, deteriorating at the 3rd
week of storage at 25°C. Additionally, Torrico (2011) stated that mineral oil coatings minimized
weight loss (0.5%) and preserved the albumen and yolk quality of eggs for at least 3 weeks
longer than those observed for non-coated eggs at 25°C. Nongtaodum (2013) found that
edible oil (coconut, rice bran, palm, and soybean) coating may protect internal quality of eggs
at least 4 weeks longer than non-coated eggs. The oil replaces the natural bloom, the protective

coating on the exterior part ofthe egg, which is removed during washing.
2.7.3 EdibleCoatings Enhancing Egg Preservation

The development of edible coating materials for egg preservation made from
polysaccharides, proteins, or lipids, or their combinations, has received a lot ofattention in an
effort to solve the aforementioned issues (Rhim et al ., 2004; Knight et al., 1972, Yiiceer and
Caner €t al., 2014, Waimaleongora-Ek et al., 2009). According to (Ananey-Obiri et al.,
2018), an edible coating is described as a thin layer of food components that forms readily on
food surfaces. The edible coating is thus recognized as generally recognized as safe (GRAS).
These coats prevent microorganisms from reaching the interior shell eggs. They thus increase
their storage period and reduce financial losses. Past research found that coatings improved
shell quality, protected interior quality, and reduced microbial load on the surface (Falguera et

al.,2011).

Various coatings have been tested to see how they affect the quality and freshness of
eggs over time. For instance, coating eggs with whey protein isolate and storing themat 25°C
for 4 to 6 weeks has been found to extend their shelf life. Eggs treated with whey protein
concentrate and kept at 25°C for 28 days showed better freshness, retaining important qualities
like the Haugh unit (a measure of egg quality) and minimizing weight loss. When eggs were
coated with a mix of soy protein isolate, whey protein isolate, and wheat gluten, they became
stronger and more resistant to bacteria after 28 days at the same temperature. Using mineral
oiland paraffin wax as coatings and storing the eggs at 7°C for 12 weeks also proved effective,
improving egg quality by enhancing the Haugh unit, increasing CO2 levels, lowering the albumen’s

pH, and strengthening the membrane around the yolk. Additionally, coating eggs with mineral
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oil for 15 weeks at both 4°C and 25°C helped keep them fresher for longer. Lastly, applying
a-chitosan for 4 weeks at 25°C was particularly successful in extending the egg’s shelf life

(Eddin etal., 2019).
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MATERIALSAND METHODS

This completed study entitled “A Novel Strategies for improving Storage Stability of
Table Eggs Under Varied Temperature Conditions Post Transportation.” Was carried out at
the Division of Post Harvest Technology, ICAR-Central Avian Research Institute (CARI),
Izatnagar, Bareilly, Uttar Pradesh. An encapsulated derived antimicrobial formulation was
prepared using a cold method. The prepared formulation was characterized for vesicular size,
shape, and encapsulation efficiency using a zetasizer, SEM, and spectroscopy, respectively.
The optimized formulation was used as a spray for evaluating its antibacterial efficacy. This
spray is under patenting by the name of “CARI EGG SHIEL D” (Patent No0.202311066448).
Objective 1.  To evaluate the efficacy of herbal-based egg spray in
transported eggs for reducing microbial spoilage and
improving shelf life at different storage temperature
A total of eight hundred (n=800) fresh eggs (Fig. 1) were collected from the laying hen
farm at Central Avian Research Institute, [zatnagar, Bareilly (UP). However, this selection
process was involving certain criteria or certain conditions recorded and the selected eggs
were used for further research or analysis. From these eggs only 400 eggs of T2 and T4
treatment group were sprayed (Fig. 2 and 3) with herbal based solution and all 800 eggs
transported for 12 hours (Fig. 4).

The transported eggs were divided into four treatment groups o200 eggs each, in 4
replicates of 50 eggs each. In the first group (T1), eggs were stored in refrigerator at 2-8°C. In

the second group (T2), eggs were also be stored in refrigerator (2-8°C) but with the application
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of herbal based spray. The third group (T3) include eggs stored at ambient temperature
(26.5°C+3), while the fourth group (T4) include eggs that were stored at ambient temperature
(26.5°C+3), but with the application ofherbal based spray.

This descriptive experiment was conducted to examine the effects ofthe herbal based
spray treatment, storage and transportation on egg quality and safety. By dividing these treatment
groups, the study focused on the adverse impact of the difference and provided a better

understanding of optimization of egg transport process.

This experimental study aims to evaluate the impact of different transportation and
storage methods, including processed and unprocessed, on quality and the safety of eggs. This
study aims to explain the influence of different conditions on the characteristics of the egg,
including internal properties such as integrity, microbiological safety and overall external quality.
By analyzing these changes, this study aims to better understand how to optimize the

transportation and storage of eggs, thus improving the safety of eggs.

Experimental Design

S Treatment Internal Parameters Total No.
No. Eggs /Replicate of Eggs
T, 2-8°C Temperature 50/4 200
T, 26.5°C+£3 Temperature 50/4 200
T, 2-8°C Temperature — Spray 50/4 200
T, 26.5°C+3 Temperature —Spray 50/4 200
Total 800

*All treatment eggs were transported for 12 hrs. And divided in treatments.

After the 12-hour transportation period, a comprehensive analysis was conducted by examining 50 eggs.
This experimental design aims to investigate and compare effects of transportation on the selected
parameters, with the non-transported group serving as a baseline for reference.

Ten eggs from each treatment cohort were undergo a rigorous and systematic analysis
at defined intervals, precisely at time points of 0, 6, 12, 18, 24, 30, and day till eggs gets
deteriorates. The objective of this analytical scrutiny is to probe diverse parameters associated

with post-harvest loss after the transportation of eggs. The comprehensive assessment will
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Fig. 1: Fresh farm collected Eggs

Fig. 2: Preparation of Eggsby spraying Herbal Spray (CARI EGG Shield)



Fig. 3: Eggssprayed with theHerbal Spray (CARI EGG Shield)
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delve into aspects such as internal-external structural integrity, microbial load, and other pertinent
factors, with the aim of discerning the temporal evolution of these parameters under influence

of distinct treatment conditions.

Objective 2: To study the effect of herbal-based egg spray on cold
stored eggs for improving shelf life

A total of twelve hundred fresh eggs (n=1200) sourced from the laying hen farm at
Central Avian Research Institute, [zatnagar, Bareilly (UP). During the selection process, specific
criteria such as cleanliness, uniform shape, size, and weight of the eggs were documented. The
chosen eggs meeting these criteria will be earmarked for subsequent research or analysis.
Subsequently, the selected eggs were repositioned for an entire day. The chosen eggs were
designated for subsequent research or analysis, followed by storage under cold storage

conditions (Fig. 5).

From the farm 1200 eggs were collected from which 600 eggs were kept as it is and
remaining 600 eggs were sprayed by herbal spray “CARI EGG SHIELD”. These all 1200
eggs were kept in cold Storage (10-15°c) for a month. After one month of cold storage, the
stored non sprayed eggs were categorized into two groups. The first group (T1) comprising
three hundred eggs (300) will remain consistently in cold storage (10-15°C) until the completion
ofthe experiment. In the second group (T2), the comprising three hundred eggs (300) were
extracted from cold storage after one month and exposed to ambient temperature conditions
(26.5°C=£3). Here, T3 & T4 groups six hundred 600 eggs were sprayed before cold storage
(10-15°C) of one month at 0™ day. In the third group (T3), the three hundred (300) eggs were
kept in cold storage (10-15°C) until the completion of experiments. In the fourth group (T4),
the comprising three hundred eggs (300) extracted from cold storage and exposed to ambient

temperature conditions (26.5°C+£3).
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Experimental design

S Treatment Internal Parameters Total No.

No. Eggs /Replicate of Eggs

T, Cold Storage (10-15°C) 75/4 300

T, Ambient Temperature Conditions (26.5°C+3). 75/4 300

T, Cold storage (10-15°)- Spray 75/4 300

T, Ambient Temperature Conditions (26.5°C+3) - Spray 75/4 300
Total 1200

Ten eggs from each treatment were undergo a rigorous and systematic analysis at

defined intervals, precisely at time points of 0, 6, 12, 18, 24, 30, and day till eggs gets

deteriorates. The objective of this analytical scrutiny is to probe diverse parameters associated

with post-harvest loss. The comprehensive assessment was delved into aspects such as internal-

external structural integrity, microbial load and other pertinent factors, with the aim of discerning

the temporal evolution of these parameters under influence of distinct treatment conditions.

Recorded Parameters:

For the analysis of eggs quality in both the above Objective at different time interval

following data were recorded precisely for the analysis of quality parameters.

l. External Egg Quality Parameter

a.

b.

@ o

—

Weight ofan Egg
Egg Appearance
Shape Index

Eggs Surface Area
Dimeter of Air Cell
Length of Egg
Width of Egg
Cleanliness

Colour

Specific Gravity,
Weight Loss of Egg (%) Because of Prolonged Storage
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. Internal Egg Quality Parameter
a.  Length and Width of Albumen
b.  Dimeter of Egg Yolk
c.  Albumen Index
d. Yol Colour
e.  Shell Weight
£ Albumen Weight
g Albumen Height

Yolk Height
i YolkIndex
j- Haught Unit

k.  Thickness of Shell
L Weight of Yolk

1. pHofEgg
a. pHofWholeegg
b. pHofYolk

c. pHofAlbumen

V. Microbial quality parameter
a.  Total Plate Count
b.  E-Coli Count

3.1 External Egg Quality Parameter
3.1.1 Eggweght

Weight of each egg were carefully recorded every six days from day 0 to day 30. This
recording process was involving use of the precision balance to ensure accuracy to the nearest
0.05 grams. Frequency and accuracy of weight measurement was provided a better
understanding of changes in the egg weight in the body at a given time and provide important
information for studying impact of difference between the transportation and storage on this

important measurement.
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3.1.2 Waeghtloss:

After every six day loss ofegg was computed in the relation to initial weight of the egg
on day zero, by using the following equation:

Final weight (g) — Initial weight (g)
Weight loss (%) = X 100
Initial weight (g)

(Paulaetal., 2021)

This equation quantifies the percentage change in egg weight on a regular interval
basis, offering a standardized measure to assess and compare the magnitude of weight loss

across different treatment groups.
3.1.3 Appearanceof egg:

The assessment encompasses various parameters related to egg quality, including egg
size, shape, shell texture, shell colour, and the overall cleanliness and soundness of the eggs.
The evaluation is aimed to provide the comprehensive understanding of eggs physical
characteristics and external attributes of the eggs within each treatment group. The systematic
analysis of these parameters was contributed valuable insights into impact of different
transportation and storage conditions, with and without antibacterial treatment, on overall

quality and visual attributes of the eggs.
3.1.4 Egglength & width:

Shell egg dimensions, both width and length, will be precisely measured using a Digital
Vernier calliper (Fig. 6). This instrument allows for accurate and detailed measurements of
egg, enabling a thorough assessment of its physical characteristics. Use of the Digital Vernier
calliper ensures a high level of precision in determining dimensions, contributing to the
comprehensive understanding of variations in egg size within the specified treatment groups.
These recorded parameters of an eggs helped to analyse the shape index changes at different

mtervals.
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3.1.5 Shapelndex:

The dimensions of an egg, encompassing both its maximum breadth and length as
mentioned above (Fig. 6). The ensuing calculation of the shape index was derived through
application of the following formula. This methodological approach adheres to scientific
precision, employing calibrated instruments to ascertain accurate measurements for subsequent
analytical purposes.

Max. Breadth of egg (cm)
Shape Index = X 100
Max. Length of egg (cm)

(Schultz et al., 1953)
3.1.6 Specificgravity (SG)

The determination of parameters was conducted employing a systematic methodology.
The measurement process involved weighing the object both in the distilled water and in air,
utilizing a precision analytical balance characterized by a sensitivity of 0.05 grams. The ensuing
calculation was executed according to specified equation, ensuring a meticulous and controlled
experimental procedure, indispensable for scientific rigor and accuracy. For analysis of eggs
specific gravity weight was recoded in air and in water (Fig. 7). For weight in water, we took
100 ml distilled water egg were dipped in it and recorded the weight. Eggs took out from
water by wired hook and the tier the weighing balance after each recording. The temperature
of water was kept to 23°C so while doing the analysis the temperature correlation was
maintained to 0.9975 (Kell etal., 1975).

Egg Weight in air(g)

Specific gravity (SG) =
Weight in Water (g) * Temperature correlation

(Hempe et al., 1987)
3.1.7 SurfaceArea:

Given the ellipsoidal nature of an egg, the determination of'its surface area necessitates

application of formula for surface area of an ellipsoid:

Surface Area =40 (a*> + b%)/2
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Here, “a” represents length of egg, measured from one end to other, while “b” denotes
width of egg, gauged at widest point perpendicular to its length. While using this formula
accurately, precise measurements of the egg’s length and width was recorded using the digital
vernier calliper. These measured values were substituted into the formula, and the ensuing

computation allows for determination of egg’s surface area (Narushine et al., 2005).
3.1.8 Air cell Dimeter:

The air cell diameter of eggs was determined by using a Digital Vernier calliper, with
measurements taken from the broad end of eggs. This procedure ensures the precise
quantification of the diameter of the air cell, contributing to accurate data acquisition in conformity

with scientific methodologies (Narushin et al., 2023).

3.2 Internal egg quality
3.2.1 Albumen Index

Upon breaking egg on a smooth surface (Fig. 8), dimensions of'thick albumen will be
precisely assessed at three distinct points. The height (measured in mm) was determined using
an AMES spherometer, while the Length and width were recorded using a Digital Vernier
calliper (Fig. 9). To enhance accuracy, the average values of these measurements were calculated
and subsequently utilized in the estimation of albumen index. This calculation was made by
using the Heiman and Carver (1936) methodology, which ensures a methodical and rigorous
scientific approach to evaluating albumen properties.

Average albumen height (mm)
Albumen Index =

Average albumen width (mm)

3.2.2 Haugh unit score

Haugh Unit stands as the predominant parameter used for evaluating quality of albumen.
The calculation of Haugh Unit done by utilizing height of albumen (measured in millimetres)
(Fig. 9) and weight of egg (measured in grams). The computation of Haught Unit was conducted

according to following formula:

Nowel strategy for enhancing the shelf life stability of table eggs under varied storage conditions é



Fig. 7: Weight of an Eggin water
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Haugh Unit=100 log (H — +1.9

(Haughetal., 1937)

This formula incorporates both the physical attributes of albumen and the overall weight
ofegg, providing a comprehensive metric that perform role as a quantitative indicator of the
albumen quality. The widespread utilization of Haugh Unit underscores its significance as a

reliable measure in the assessment of the egg quality within scientific and agricultural contexts.

Where,
H = Albumen Height (mm)
G =32.2 (Gravitational constant)
W =Weight of Egg (g)

3.2.3 Albumen weight

Following the precise measurement of the width and height of thick albumen, a precisely
separation of albumen from yolk was achieved using a blunt knife (Fig. 10). Subsequently,
weight of isolated albumen was accurately determined by means of a weighing balance
characterized by a precision of 0.5 milligrams (Fig. 11). This careful and systematic procedure
ensures the acquisition of accurate data regarding the mass of the albumen, contributing to

precision and reliability of subsequent analytical assessments (Hisasaga et al., 2020).
3.2.4 Yolk Index

Upon the successful separation of albumen and yolk, with the yolk maintained in an
intact state, the spherical characteristics of yolk was quantified as the yolk index. These
measurements were involving the utilization ofan AMES spherometer to measure height of
yolk and a Digital Vernier calliper to measure the yolk width (Fig. 12). The calculation of yolk

index was done through application of following formula:
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Yolk Height (mm)
Yolk Index = (sauter et al., 1951)
Yolk width (mm)

This formula encapsulates ratio of the yolk’s height to its width, providing a numerical
representation of the yolk’s spherical nature. Integration of precise measuring instruments and

a systematic formula underscores the scientific rigor applied in characterizing the yolk index.
3.25 Yolkweight

Weight of yolk was accurately determined by using a weighing balance with a precision
0f 0.5 mg (Fig. 13). The resulting measurements were expressed in grams (g) that signifies the
mass of yolk and was obtained with careful attention to precision and accuracy. This quantitative
information performs role as a fundamental metric in the comprehensive assessment of egg
composition and quality. The use of a weighing balance with high accuracy underscores the
commitment to rigorous scientific methodologies in obtaining reliable data (Hisasaga et al.,

2020).
3.2.6 Yolk colour

The colour ofyolk was measured by employing a Roche’s yolk colour fan (Fig. 12).
This method involves comparing the colour of egg yolk to a standardized set of colour samples
provided by the yolk colour fan. The fan typically consists of a range of colours representing
different yolk shades. By visually matching the yolk colour to the closest reference on the fan,
an objective measurement of yolk colour is achieved. This non-invasive and visually comparative
approach provides a standardized means of evaluating and categorizing yolk colour in a

qualitative manner, contributing to overall assessing quality of yolk (Bovskova etal.,2014).
3.2.7 Shell thickness

Thickness of eggshell was quantified using the specialized equipment, like a Digital
eggshell thickness gauge. The measurement process involves assessing the average thickness
of the eggshell at three distinct edges namely the broad, middle and narrow regions. The use of
these multiple measurements enhances accuracy and provides a comprehensive representation

of'the overall eggshell thickness. This meticulous approach ensures a thorough evaluation of
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structural integrity of the eggshell, contributing to precision and reliability of scientific assessments

related to egg composition and quality (Hunton P. et al., 2005).
3.3 pH of eggs

Following separation of albumen from yolk for weighing, both components were
distributed to 03 replicate glass beakers. The pH of yolk and albumen was determined using
the pH meter from Electronic Instrument Ltd. Approximately 2.0 grams of each sample were
homogenized in 20.0 ml of de-ionized water within a beaker. Before pH measurement, the pH
meter was standardized using buffer solutions with pH values 0f4.01 and 9.20. Subsequently,
the electrode was rinsed with de-ionized water and then immersed into the homogenate, allowing
sufficient time for stabilization before recording the pH reading. This meticulous procedure, as
detailed by Eke (2013), ensured accurate and standardized pH measurements, essential for
comprehensive characterization of the chemical properties of both the albumen and yolk (Dong

etal., 2017).

3.4 Microbial quality parameter
34.1 Total PlateCount (TPC)

Changes in the bacterial populations were assessed by spread-plating 0.1 ml of pertinent
dilutions on the plate count agar following the serial dilution of both egg content and egg
surface solutions in phosphate-buffered saline (PBS). After a two-days incubation period at

37°C, colonies were enumerated (Garibaldi et al., 1970).
34.2 E. Coli Count

Evaluation of variations in the bacterial populations involved spread-plating of 0.1 ml
of the relevant specked dilutions on EMB (Eosin-Methylene Blue) Agar subsequent to serial
dilutions ofboth egg surface and egg content solutions in PBS (phosphate-buffered saline).
After two days of incubation at 37°C, the colonies were manually counted (Peter feng et al .,

2020).
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3.5  STATISTICAL ANALYSIS

The data acquired throughout the study was undergo statistical analysis to derive
meaningful insights. The significance of differences in-between means was assessed through
application of two-way and one-way Analysis of Variance (ANOVA) tests. The statistical
analysis was conducted using SPSS or R software, both widely recognized tools for robust

data analysis in the field of research.

&S S 2
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RESULTS

The aim of'this study was to improve shelflife of transported eggs by herbal spray &

also to check the quality of cold stored eggs at different temperature interval by internal,
external and microbial parameters. The hypothesis posited that herbal spraying would increase
the shelflife of transported eggs when stored at lower temperatures. The two experiment was

conducted with duration of 30 & 60 days and the results obtained are presented as below.

Objectivel: Toevaluatetheefficacy of herbal-based egg spray on transported eggs
for reducing microbial spoilage and improving shelf life at different
storagetemperature

41 EXTERNAL PARAMETERS
41.1 EggWeight

The result ofherbal sprayed egg weight after the 12 hrs. Oftransportation is presented
in Table no. 4.1. After the 12 hrs. Of transportation no significant (P>0.05) difference in the
egg weight of different treatment group were observed till 18" day. After 18" day significant
decrease in egg weight trend was continued till end of experiment. Before transportation, the
initial weights ofthe eggs across the treatment groups were relatively similar, with T 1 recording
an average weight of 52.71+0.55 g, T2 at 53.37+£0.63 g, T3 at 52.00+=0.075 g and T4 at
51.28+0.57 g. After the transportation, T1, T2, T3 and T4 had weights of 52.36+0.56 g,
53.22+0.62 g,51.91+0.75 g and 51.17+0.57 g respectively. After the transportation till the
24™ day of storage, T2 continued to show a significant (P<0.05) decline, reaching a final
weight 0£46.63+0.73 g by end ofthe experiment. As the storage period increases, significant

comparative weight loss was observed in all groups. T2 group had the lowest weights recorded
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throughout the study and demonstrated a statistically significant (P<0.05) difference, indicating
a strong correlation between treatment and weight loss. However, T3 shows maximum a
relatively stable weight throughout the duration of the experiment, ending with a weight of
50.15+0.84 g onday 24. T1 and T4 also showed a gradual decline in weight, T1 at 48.98+1.29
& T4 at 46.89+0.68 g on day 24. This statistically significant (P<0.05) differences in weight
loss compared to the control group was served. Overall, the results indicate that the treatment
groups significantly (P<0.05) affected the weight ofthe eggs over time, with T2 showing the
most substantial weight loss, while T3 maintained the highest average weight throughout the

study.
4.1.2 EggWeight Loss (%)

The changes in egg weight loss percentage in herbal sprayed eggs after the 12 hrs. Of
transportation is presented in the Table no. 4.2 & Fig. 14. After transportation, T1 recorded
an egg weight loss percentage 0f 0.2140.01 %, which was comparatively lower than that of
T2, which had the higher loss i.e. 0.27+0.03 %. The T3 and T4 displayed intermediate values,
with T3 - 0.16+0.02 % and T4 - 0.23+0.02 %. As the storage period progressed to the 6
day, T2 continued to show a significant (P<0.05) increase in egg weight loss percentage,
reaching 3.1020.34 %, while T1 shows less increased - 1.26+0.03 %. The T3 and T4 groups
exhibited increase in egg weight loss, with 0.75+£0.03 % and 2.37+0.25 % respectively. till
30™ day of experiment, similar trend of increasing egg weight loss percentage is seen where T2
recorded a final highest egg weight loss percentage of 12.57+1.01 % and then T4 with
9.31+0.56 % loss, showcasing the most significant (P<0.05) loss throughout the study. During
this complete experiment least increase in egg weight loss percentage seen in, T3 - 3.54+0.15
% & then T1 -4.40+0.16 %. The statistical analysis indicated significant (P<0.05) differences
among the treatments, where T2 shows highest egg weight loss percentage followed by T4 at
the 30" day. Overall, the results highlight that T2 exhibited the greatest increase in egg weight
loss percentage over the 30-day period, while T1 and T3 showed the least increase, indicating

that temperature & spray significantly influenced the weight retention ofthe eggs.
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4.1.3 Air cel Diameter

The experimental results of Air Cell Diameter (measured in mm.) of treated herbal
sprayed eggs after 12 hrs. of transportation presented in the Table no. 4.3 & Fig. 15. The air
cell diameter shows comparatively significant (P<0.05) difference over the 30 days of
experimental period after the transportation. Before the transportation, the air cell sizes for the
treatment groups were relatively similar, with T1 measuring 15.75+0.62 mm, T2 - 14.77+0.32
mm, T3 - 15.97+0.26 mm and T4 - 15.58+0.3 mm. These initial measurements indicate a
consistent baseline across all treatment groups. As the study progressed to the post
transportation, increases in air cell diameter were observed across all treatment groups. The
T1 increased to 18.78+0.69 mm, T2 to 17.97+0.32 mm, T3 to 18.15+0.27 mm and T4 to
18.35+0.3 1 mm wherein slightly more increased in air cell diameter found in T1 and T2 which
are non-treated eggs than T3 and T4 eggs. By the 6™ day, T1 continued to show an increase
in Air cell diameter to 20.71+0.92 mm, while T2 further sharply expanded to 23.85+0.44
mm, T3 showed a slight increase to 19.98+0.32 mm and T4 reached 21.98+0.30 mm. The
trend ofincreasing air cell size continued to the 30™ day showed where maximum significant
(P<0.05) increase in air cell value observed in T2 at 31.81+0.49 and followed by T4 -
28.95+0.34 mm, T1 - 26.2+0.95 mm & T3 - 24.19+0.3 and Statistical analysis revealed
significant (P<0.05) differences in air cell size among the treatment groups across all time
points. This indicates that the treatments had a significant (P<0.05) impact on the size of the air
cell throughout the study period. the findings demonstrate a clear trend of increasing air cell

size over the 30-day period for all treatment groups, with T2 exhibiting the highest increase.
4.1.4 Specific Gravity

The experimental results of specific gravity of treated herbal sprayed eggs after 12 hrs.
of transportation presented in the Table no. 4.4. It shows significant (P<0.05) difference among
all treatments over the period of 30 days. Specific gravity is an important parameter that can
provide insights into the quality and freshness of eggs, as it is influenced by factors such as air
cell size and egg weight. Before the transportation, all treatment groups exhibited similar specific
gravity values, with T1 at 1.08+0.00, T2 at 1.08+0.00, T3 at 1.083+0.001 and T4 at
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1.082+0.02. These initial measurements indicate a consistent baseline across the groups.
Transportation doesn’t show significant (P>0.05) effect on air cell size, T1 decreased slightly
to 1.076+0.00, while T2 shows reduction in specific gravity to 1.077+0.00. T3 maintained a
value of 1.081£0.01 and T4 recorded a specific gravity of 1.080+0.01. By the 6™ day, a
significant (P<0.05) decline was observed in T2 at 1.067+0.01 and mild decline was observed
at T1 and T4, (1.069+0.01 & 1.074+0.00 respectively). The T3 remained relatively stable at
1.079+0.01. The trend of decreasing specific gravity by the previous 6™ day continued through
the following measuring period of experiment of the 30™ day, where T1 reached 1.05340.009,
T2 sharply decrease to 1.041+0.003, T3 maintained a value of 1.068+0.009 and T4 recorded
1.046+0.004. Statistical analysis indicated significant (P<0.05) differences in specific gravity

among the treatment groups across all time points.
4.1.5 Shapelndex

The results presented in Table 4.5 indicated the effect of transportation on the shape
index of eggs over a storage period. It showed that the shape index remained non-significant
(P>0.05) across all treatments and time points. For the non-spray group stored at 4-7°C, the
shape index at 30™ day was - 75.58+1.97, indicating that these cooler conditions effectively
preserved the eggs’ structural integrity. Similarly, the non-spray eggs & storage 26.5 +3°C
maintained a shape index of 74.42+0.75, demonstrating resilience even at higher temperatures.
The spray treatment at 4-7°C yielded a shape index 0f74.54+0.84, showing that the combination
of spraying and cool storage also effectively maintained shape quality. However, the spray
treatment & storage at 26.5 + 3°C resulted in the lowest shape index of 73.81+0.89, suggesting
that while the shape was preserved, the warmer conditions may not be as beneficial. Overall,
these findings suggest that both non-spray and spray methods, regardless of temperature can
effectively maintain the shape quality of eggs during storage, providing valuable insights for

producers and distributors aiming to optimize egg quality.
4.1.6 SurfaceArea

The data in Table 4.6 indicates the effect of transportation on the surface area of eggs

(mm?) over a defined storage period, across all treatments, the surface area measurements
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don’t show significant (P>0.05) difference throughout the storage duration. For the non-spray
eggs stored at 4-7°C, the surface area was consistently recorded at 65.34+0.39, indicating
that these cooler conditions effectively preserved the eggs’ surface area without any degradation.
Similarly, the non-spray group & storage at 26.5+3°C showed a surface area 0f65.28+0.47,
reflecting minimal impact from the higher temperature. The spray T3 yielded a slightly lower
surface area of 64.7+0.3, suggesting that while spraying did not significantly (P>0.05) harm
the surface area, it was marginally less than the non-spray counterparts. The T4 resulted in a
surface area of 65.61+0.77, which was the highest among the treatments, indicating that the
combination of spraying and warmer temperatures may have had a positive effect on surface
area preservation. Effect of transportation indicating not statistically significant (P>0.05)
differences in surface area across the various conditions and time points. This suggests that
transportation and storage conditions did not adversely affect the surface area of the eggs,

reinforcing the conclusion that both non-spray and spray methods can effectively maintain egg
quality.

4.2 INTERNAL PARAMETERS
4.2.1 HaughUnit

The experimental results of Haugh unit of treated herbal sprayed eggs after transportation
presented in the Table no 4.7 & Fig. 16. HU values show the significant (P<0.05) difference
through experimental period of 24 days. The HU is a critical measurement of egg quality,
reflecting the freshness and thickness of the egg white. Higher HU values indicate better quality
eggs with firm egg whites. Before the 12 hrs. of transportation, all treatment groups exhibited
relatively high HU values, T1 (81.83%1.58), T2 (82.18+1.41), T3 (82.59+1.41) and T4
(82.68+1.42). However, as the study conducted after transportation, a decline in HU values
was observed in all treatment groups where, T1 decreased to 77.26+1.63, T2 dropped to
77.21+0.57, T3 and T4 shown value of 77.87+0.77 and 77.73%0.73 respectively. The decline
in HU values became more pronounced by the 6™ day, with T1 - 74.32+0.84, T2 further
sharply decreasing to 68.10+1.31, T3 to 75.99+1.59 and T4 dropping to 69.74+0.87. This
trend of decreasing HU continues till 24™ day ofthe post transportation, where T1 shown

value of 69.3340.57, T2 reached lowest point i.e. 54.684+2.66, T3 recorded a value of
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70.06+0.84 and T4 recorded 61.59+0.58. Statistical analysis revealed significant (P<0.05)
differences in Haugh unit values among the treatment groups shows significance (P<0.05)
across the measurement periods. The results demonstrate a clear trend of declining Haugh unit
values over the 24-day period for all treatment groups, with T2 exhibiting the significant (P<0.05)
reduction in egg quality compared to T1 and T3 which shows less decline in Haugh Unit.

4.2.2 Albumen Index

The results of Albumen Index of treated herbal sprayed eggs after transportation
presented in the Table no. 4.8. Albumen index shows no significant (P>0.05) effect in the
experiment after the transportation, but storage shows significant (P<0.05) difference from
06™ day to 24™ day. The albumen index is an important indicator of egg internal quality,
reflecting the thickness and quality of the egg white, which can be influenced by factors such as
storage conditions and egg freshness. Before the transportation, all treatment groups exhibited
similar albumen index values, with T1 (0.083+0.005), T2 (0.08340.005), T3 (0.084+0.004)
and T4 (0.08340.005). These initial measurements indicate a consistent baseline across the
groups. As the study recorded albumen index after transportation shows, T1 and T3 shown
values 0.076+0.003 and 0.079+0.004, respectively, while T2 decreased to 0.076+0.001
and T4 slightly decreased to 0.078+0.004. By the 6™ day, T1 recorded a further decline to
0.072+0.003, T2 continued to significant (P<0.05) decrease to 0.063+0.001, T3 shown
value 0f0.077+0.006 and T4 dropped to 0.066+0.002. The trend of decreasing albumen
index values continued to 24™ day, where T1 had a value of 0.058+0.004, T2 shows the
lowest point in all group at 0.028+0.003, T3 have highest value to 0.065+0.003 and T4
recorded 0.038+0.002. Statistical analysis revealed significant (P<0.05) differences in the
albumen index among the treatment groups across all time points, indicating that the treatments
had a substantial impact on the albumen quality throughout the study. Notably, T2 exhibited
the significantly (P<0.05) highest reduction in albumen index, suggesting that this treatment

may have adversely affected the quality of the egg white over the storage period.
4.2.3 Yolk Index
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