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EXTENDED ABSTRACT

This study explored the diverse potential of Moringa oleifera leaf
extract as a natural preservative in ground beef, with a specific
focus on its impact on microbiological and physico-chemical
properties during refrigerated storage. The study explored varying
concentrations of Moringa oleifera (0.5%, 1%, 1.5% and 2.0%) in
comparison to a preservative-free control group, investigating their
impact on microbial parameters, including Total Bacteria Counts
(TBC), Total Coliform Count (TCC), Staphylococcus, Salmonella,
and E. coli. The results unveiled a dose-dependent relationship,
where in all concentrations exhibited lower TBC compared to the
control group, with the 2.0% concentration demonstrating the most
substantial reduction, underscoring Moringa oleifera’'s potential to
inhibit bacterial growth in ground beef.

In terms of TCC, higher concentrations of Moringa oleifera showed
enhanced effectiveness in reducing coliform bacteria, particularly
the 1.5% and 2.0% concentrations, which significantly decreased
counts by 31% and 32% compared to the control group. The study
also spotlighted Moringa oleifera's dose-dependent antibacterial
activity against Staphylococcus and E. coli, with escalating doses
correlating with significant reductions in these microorganisms.
These findings collectively suggest that Moringa oleifera holds
promise in augmenting food safety by curbing the proliferation of
harmful bacteria, thereby acting as an effective natural preservative
and enhancing the microbiological quality of refrigerated ground
beef.



The investigation extended to the antimicrobial effects of Moringa
oleifera aqueous extract on ground beef, assessing
physico-chemical, microbial, and organoleptic qualities during
refrigerated storage at 4°C. The results revealed that the 1.5%
crude extract significantly improved (p<0.05) various sensory
attributes, including pH, juiciness, texture, flavor, taste, and overall
acceptability, surpassing both the control and other treated
samples. Furthermore, microbial load, as indicated by the Aerobic
Plate Count (APC), exhibited a significant decrease in treated
samples (p<0.05), with the 2% treatment proving to be the most
effective.

The color parameters (L*, a*, b*) of ground beef were influenced by
Moringa oleifera extract, manifesting a decrease in values,
particularly with the 2% concentration. Notably, the pH of ground
beef experienced a slight increase during storage, but Moringa
extract did not significantly (p>0.05) impact this parameter. In
conclusion, this study underscores the potential of natural additives
such as Moringa oleifera to not only extend the shelf life of ground
beef but also to significantly enhance its microbiological and
sensory properties. This aligns with the escalating consumer
preference for safe and natural food products, emphasizing the
need for further exploration and application of Moringa oleifera in
the realm of food preservation and safety.



IKIRISI KUU

Utafiti huu unachunguza uwezo mbalimbali wa Moringa oleifera
kama mchanganuo wa asili kwenye nyama ya ng'ombe, ukilenga
athari zake za kibayolojia na kikemia wakati wa kuhifadhi kwenye
baridi. Utafiti huu uliangazia viwango tofauti vya Moringa oleifera
(0.5%, 1%, 1.5%, na 2.0%) ikilinganishwa na kundi la kudhibiti bila
kemikali yoyote ya kuhifadhia, uchunguzi ukilenga athari zake
kwenye viashiria vya kibayolojia, ikiwa ni pamoja na Jumla ya Idadi
ya Bakteria (TBC), Idadi ya Coliform Jumla (TCC), Staphylococcus,
Salmonella, na E. coli. Matokeo yalifunua uhusiano unaotegemea
dozi kati ya viwango vya Moringa oleifera na idadi ya bakteria, na
viwango vyote vikionyesha TBC ya chini ikilinganishwa na kundi la
kudhibiti. Kwa kiasi kikubwa, kiasi kikubwa zaidi (2.0%) kilionyesha
kupungua kwa kiasi kikubwa zaidi, kuthibitisha uwezo wa Moringa
oleifera kuzuia ukuaji wa bakteria kwenye nyama ya ng'ombe.

Kuhusu TCC, viwango vya juu vya Moringa oleifera viliashiria
ufanisi mkubwa katika kupunguza bakteria aina ya Coliform, haswa
viwango vya 1.5% na 2.0%, ambavyo vilipunguza kwa kiasi
kikubwa ikilinganishwa na kundi la kudhibiti. Utafiti pia ulitilia
mkazo shughuli ya antibakteria ya Moringa oleifera inayotegemea
dozi dhidi ya Staphylococcus na E. coli, na viwango vikiongezeka
kulingana na kupungua kwa kiasi kikubwa kwa viumbe hawa
vidudu. Matokeo haya yanahusisha kuwa Moringa oleifera inaahidi
kuimarisha usalama wa chakula kwa kuzuia kuenea kwa bakteria
hatari, hivyo kufanya kama kichocheo cha asilia cha kuhifadhi na
kuboresha sifa za kibayolojia kwenye nyama ya ng'ombe
iliyohifadhiwa kwenye baridi.



Uchunguzi huu ulienea hadi kwenye athari za antimikrobiolojia za
dondoo ya maji ya Moringa oleifera kwenye nyama ya ng'‘ombe,
ukichunguza sifa za kikemia, kibayolojia, na hisia za kuonja wakati
wa kuhifadhi kwenye baridi ya nyuzi 4°C. Matokeo yalionyesha
kuwa dondoo ghafi ya 1.5% iliboresha kwa kiasi kikubwa sifa
mbalimbali za hisia, ikiwa ni pamoja na pH, utamu, muundo, ladha,
harufu, na kukubalika kwa ujumla, ikizidi kundi la kudhibiti na
sampuli  zingine zilizosindikwa. Aidha, mzigo wa Vvijidudu,
uliopimwa kama Jumla ya Viumbe vya Bakteria (APC), ulipungua
kwa kiasi kikubwa katika sampuli zilizosindikwa, na matibabu ya 2%
yakionyesha ufanisi zaidi.

Vigezo vya rangi (L*, a*, b*) vya nyama ya ng'ombe vilichochea na
dondoo ya Moringa oleifera, ikionyesha kupungua kwa thamani,
hasa na kiasi cha 2%. Kwa mujibu wa utafiti, pH ya nyama ya
ng'ombe ilionyesha ongezeko dogo wakati wa kuhifadhi, lakini
dondoo ya Moringa haikuathiri kwa kiasi kikubwa parameter hii.
Kwa ujumla, utafiti huu unasisitiza uwezo wa viungo asilia kama
Moringa oleifera si tu kuongeza muda wa kuhifadhi wa nyama ya
ng'ombe, bali pia kuimarisha sana sifa zake za kibayolojia na hisia.
Hii inakwenda sambamba na upendeleo unaoongezeka wa
watumiaji kwa bidhaa za chakula zenye usalama na asilia, hivyo
kutia. mkazo umuhimu wa kuendelea kuchunguza na kutumia

Moringa oleifera katika uga wa uhifadhi na usalama wa chakula.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

Ground beef refers to beef that has undergone the process of
grinding or coarsely cutting through the use of a meat grinder or
chopping knife. The process of grinding meat is known to enhance
the tenderness of tougher cuts of beef. Additionally, incorporating
fatty cuts into lean cuts during the grinding process has been
shown to mitigate dryness and enhance the flavor profile of
typically less succulent cuts. According to Wang et al. (2017),
ground beef possesses a higher perishability compared to
full-muscle cuts of meat, necessitating careful handling.

Moreover, in the event that any bacteria are present on the surface,
the act of grinding disseminates them uniformly throughout the
product, giving rise to food safety concerns specific to ground beef,
which are not applicable to entire slices of meat. According to
Salim et al., (2018), the inside portion of an animal's flesh is
inherently sterile prior to cooking, implying that any bacterial
contamination is primarily confined to the meat's external surface
(Vanderlinde et al., 2022). If ground beef is not cooked thoroughly,
there is a high likelihood that a sufficient number of pathogenic
bacteria will remain viable and could lead to disease. Furthermore,
it is important to note that the process of warming can expedite the
reproduction of bacteria. Therefore, it is imperative to ensure the
appropriate preservation of ground meat (Kim et al., 2013).



1.2 Shelf Life of Ground Beef

Shelf life is defined as the time between a product's packaging and
its final use during which the product's properties remain
acceptable to the product user. Appearance, texture, flavor, color,
and nutritive value are all examples of shelf-life properties
(Nikmaram et al., 2018). When determining the shelf-life of a meat
product, such as ground beef, some people distinguish between
case-life and shelf-life. Case-life (also known as color shelf-life or
display-life) refers to the amount of time meat can be displayed
under refrigeration before changing color. This color shift from
bright cherry-red beef to another color, such as brown, is caused
by an oxidation-induced change in the protein myoglobin (Salim et
al., 2018).

The change in color isn't harmful or doesn't make the food bad, but
rather make the food colour undesirable to consumer. Shelf life is
the length of time that a commodity may be stored without
becoming unfit for use, consumption, or sale. The meat industry
works hard to prevent, reduce, and get rid of both harmful and
spoilage bacteria before delivered to selling points or consumers.
Fresh ground beef can be kept in a refrigerator at 4°C up to two
days (Bahmid et al., 2021).

Meat is a nutrient-dense, protein-rich food that is extremely
perishable and has a short shelf life if not properly preserved. It is
the primary choice of animal protein for a significant portion of the
global population. The global consumption of beef is steadily rising
(Marinova & Bogueva, 2019). Spoilage of ground beef can be
viewed as an ecological event involving the transformation of



accessible components during bacterial proliferation in the
microbial association of preserved meat (Furbek, 2022).

Microorganisms, lipid oxidation, and autolytic enzymatic spoiling
are the primary causes of ground beef decomposition after
slaughtering, during processing and storage. For meat to be
transported without losing its texture, color, or nutritional content, it
must be preserved. The term "minced beef deterioration" refers to
any change that renders the product unfit for human consumption
(Rahman et al., 2023). Microbial proliferation produces
unacceptable color flaws, textural alterations, the development of
off-flavor, off-odor, and slime in meat.

1.4 Pathogenic Bacteria in Meat

Pathogenic bacteria are bacteria that have the ability to cause
disease. Humans are generally most interested in bacteria that can
cause disease in humans, despite the fact that these bacteria can
also infect other animals and plants. Among the many pathogenic
bacteria are Streptococcus, Staphylococcus, Salmonella, and
Escherichia coli. The majority of food-borne illnesses are caused
by pathogenic microorganisms in the environment (Abebe et al.,
2020).

1.4.1 Escherichia coli

E. coli is a gram-negative, short rod-shaped, non-spore-forming
bacteria capable of growth and gas production at 45.5C. Strains of
E. coli are innocuous occupants of the human and animal
gastrointestinal tract. However, numerous food-borne pathogenic E.
coli strains are known to exist (Hassan et al., 2021). After



implanting and colonizing the colon, E. coli O157:H7 and other
enterohemorrhagic E. coli create a toxin(s), resulting in sickness.
This bacterium is considered a "toxico-infectious" agent, as
opposed to an invasive pathogen, because preformed toxins have
not been proved to present in foods or to cause human disease
(such as Salmonella spp.). However, there have been reports of
evidence for an intrusive process (Wasinski, 2019). It is a
challenging organism to handle from a public health perspective
because to its low infectious dose, which may be partially
attributable to its high acid tolerance and its ability to withstand low
pH levels occasionally encountered in the stomach (Gambushe et
al., 2020). When beef is slaughtered and processed, E.coli bacteria
in the cows' intestines can transfer to the flesh, contaminating
ground beef with E.coli.

1.4.2 Salmonella

Salmonella species are gram-negative, rod-shaped, typically motile,
Enterobacteraceae  family = members. Despite  significant
breakthroughs in molecular genetic techniques to identification and
characterization, these organisms are still characterized
serologically, by their somatic (O), flagellar (H), and occasionally
capsular (Vi) antigens (Zahra et al., 2023). Approximately 2,400
distinct serotypes have been identified. This microbe's
nomenclature has undergone several revisions, resulting in
considerable confusion. Salmonella is a life-threatening bacterium
and a major source of food-borne bacterial infection in humans.
Salmonella is the second most prevalent bacterial cause of
food-borne gastroenteritis worldwide, after Campylobacter
(Thames & Theradiyil, 2020). Salmonella can induce a variety of



illness syndromes, such as typhoid fever caused by Salmonella
typhi. Other Salmonella strains cause gastroenteritis, bacteraemia,
and enteric or paratyphoid fever (Gast and Porter, 2020).
Salmonella is a facultative aerobe, meaning it can grow in settings
high in oxygen. When Salmonella is exposed to meat, it is able to
grow. This exposure is caused by contact with feces, followed by
handling of meat.

1.4.3 Staphylococcus aureus

Staphylococci are classified under the genus Micrococca and
subfamily Coccidae. They're spherical, gram-positive bacteria that
cluster like grapes and measure around 1 m in diameter. As
staphylococci only divide in one plane, their grape-like shape sets
them apart from streptococci, which cluster together (Milami et al.,
2023). Staphylococcus aureus (S. aureus) is a prevalent bacterial
infection that causes staphylococcal food poisoning (SFP), which is
a prominent cause of food borne intoxication worldwide (Grispoldi
et al., 2021). Instead of ingesting live bacteria, which would cause
diarrhea and other symptoms, SFP is contracted by consuming
foods contaminated with enterotoxin-producing types of
staphylococci, most often S. aureus (Pinchuk et al., 2010). Since
the growth of the bacterium in the host is not necessary, this form
of food poisoning is considered an intoxication. Foods in which the
organism was destroyed but the heat-stable toxin remained have
been the source of several outbreaks (Mohammad et al., 2018).
Unlike other foods, staphylococcal enterotoxins SEs can withstand
high temperatures and are hence safe for canning (Castro et al.,
2016). S. aureus is a highly salt-tolerant bacteria that can be found



on the skin and in the nose, mouth, and throat of people. Improper
storage conditions lead to the growth of S. aureus in ground beef.

1.4.4 Coliforms

Coliform bacteria are microscopic organisms found in soil and
vegetation that originate in the intestinal tracts of warm-blooded
animals. Total coliform bacteria are generally harmless; however,
their presence in meat indicates the presence of disease-causing
bacteria, viruses, or parasites (pathogens). Coliform bacteria are
relatively easy to identify, exist in much greater numbers than more
dangerous pathogens, and respond to the natural environment and
treatment processes in the same way pathogens do. The increase
or decrease of many pathogenic bacteria can be estimated by
observing coliform bacteria (Prasath et al., 2022). Unsanitary
practices in the production and handling of ground beef result in
coliform contamination of the ground beef.

1.5 Preservation

Preservation is the process of preventing or delaying the spoilage
and deterioration of food, extending its shelf life, and maintaining its
guality, safety, and nutritional value over time. Common methods
of food preservation include canning, freezing, drying, smoking,
and fermentation. Each preservation method works through
different mechanisms to prevent spoilage and maintain food quality.
For example, canning involves heating the food to kill bacteria,
yeast, and molds, then sealing it in an airtight container. Freezing
works by lowering the temperature below freezing point, which
inhibits microbial growth and enzyme activity. Smoking involves
exposing the food to smoke from burning wood or other materials,



which adds flavor and helps preserve the food by inhibiting
microbial growth. Fermentation relies on the growth of beneficial
bacteria or yeast to convert sugars into acids or alcohol, creating
an acidic or alcoholic environment that inhibits the growth of
harmful microorganisms.

Preservation is important in the food industry for several reasons.
Firstly, it helps to minimize food waste and loss by preventing
spoilage and extending the shelf life of perishable foods. This is
achieved by inhibiting the growth of microorganisms, enzymes, and
other factors that contribute to food spoilage. Secondly,
preservation helps to ensure food safety by reducing the risk of
foodborne ilinesses caused by pathogenic microorganisms. Thirdly,
preservation helps to maintain the nutritional value of food by
minimizing nutrient loss during storage and processing.

There are some challenges associated with food preservation
methods. One challenge is that some preservation methods can
alter the taste, texture, and nutritional content of food. For example,
heat processing methods such as canning and pasteurization can
cause loss of certain vitamins and flavor compounds. Some
preservation methods may require the use of chemical additives,
which can impact the quality and safety of the preserved food
(Zang et al.,, 2023). For example, the use of preservatives or
additives in processed meats may affect the taste and overall
guality of the meat (Huang et al., 2020). Preservation methods,
such as drying or smoking, may not effectively inhibit the growth of
harmful microorganisms. Therefore, there is risk of microbial



contamination and foodborne illnesses if proper sterilization or
handling protocols are not allowed.

1.6 Meat Preservation

Meat preservation is a critical aspect of the food industry aimed at
extending the shelf life of meat products while maintaining their
safety and quality. Traditional methods of meat preservation
include drying, smoking, and salting. Drying, often combined with
the use of spices, reduces water content, hindering the growth of
microorganisms and preventing spoilage (Okpala & Korzeniowska,
2023). Smoking not only imparts unique flavors but also acts as a
natural preservative by inhibiting bacterial growth. Salting, through
the addition of salt, draws out moisture and creates an inhospitable
environment for bacteria. However, these traditional methods may
alter the taste, texture, and nutritional content of the meat (Hlima et
al., 2021).

Modern meat preservation methods involve refrigeration, freezing,
and canning. Refrigeration slows down bacterial growth by
maintaining low temperatures, but it is not sufficient for long-term
preservation. Freezing, on the other hand, effectively halts
microbial activity by lowering the temperature below freezing point.
While freezing preserves the nutritional value of meat better than
some traditional methods, it can result in texture changes upon
thawing. Canning involves sealing meat in airtight containers and
subjecting it to heat, effectively destroying bacteria and preventing
spoilage. However, the high temperatures during canning can lead
to the loss of certain heat-sensitive nutrients.



Challenges in meat preservation include the need for efficient
supply chain logistics, energy consumption concerns, and the
demand for natural, minimally processed products. Additionally, the
industry is exploring innovative approaches such as vacuum
packaging, controlled atmospheres, and the use of natural
preservatives to overcome these challenges. Striking a balance
between preservation methods that ensure safety, maintain quality,
and meet consumer expectations remains a continual focus for the
meat industry.

1.7 Preservatives

Preservatives are food additives that help control and prevent the
deterioration of food, protecting against spoilage from
microorganisms such as bacteria, yeast, and molds. They play an
important role in making foods last longer, maintain their quality,
and reduce food waste while also improving convenience (Zang et
al.,, 2023). There are two types of preservatives: natural and
artificial/chemical.

1.7.1  Classification of Preservatives

Preservatives are classified into two classes which are natural and
chemical preservatives. Natural food preservatives are good to our
health, and do not harm our health. They include salts, sugar,
rosemary extracts, Moringa oleifera extracts and vinegar. Artificial
preservatives are the chemical substances that stop the growth
and activities of the microorganisms and help to preserve the foods
for a longer time without affecting its natural characteristics (Baah,
2020). They include nitrites, benzoates, sulphites, sorbates and
nitrates of sodium or potassium, glutamates and glycerides. The
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food standards regulations require that not more than one chemical
preservative should be used in one particular food item. People
consuming or using items containing more than one preservative
are at risk of exposure to multiple chemicals (Kumari et al., 2019).

Natural and synthetic preservatives are further categorized into 3
types which are antimicrobials, antioxidants and anti-enzymatic
preservatives. Antimicrobials are preservatives that inhibit the
growth of microorganisms, including bacteria, yeast, and mold
(Kumari et al., 2019). Preventing microbiological contamination is
of the utmost importance in the food industry for guaranteeing the
guality and safety of food. For ages, people have relied on vinegar,
salt, and specific plants as natural antimicrobials. Sorbic acid and
benzoic acid are often used chemical substances in synthetic
settings (Awuchi et al., 2020). The challenge lies in finding a
delicate balance, as excessive use of antimicrobials may impact
the taste, texture, and nutritional content of the food product.

Antioxidants are preservatives designed to prevent or slow down
the oxidative deterioration of fats and oils in food products. This is
crucial in maintaining the flavor and nutritional integrity of foods that
contain fats (Kapadiya et al., 2016) Natural antioxidants like vitamin
E and rosemary extract are widely embraced in the food industry
for their perceived health benefits. On the synthetic side, butylated
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are
commonly used. However, the use of synthetic antioxidants has
raised concerns regarding potential health risks, prompting a shift
towards more natural alternatives in recent years (Riberio et al.,
2019).
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Anti-enzymatic preservatives act by inhibiting the activity of
enzymes that contribute to food spoilage and degradation.
Enzymes are responsible for various biochemical reactions, and
their uncontrolled activity can lead to undesirable changes in food
products (Jayant & Halami, 2020). Natural anti-enzymatic agents
include citric acid and ascorbic acid, while synthetic options
encompass calcium disodium EDTA.

1.8 Natural Preservatives

Natural preservatives offer greater advantages over artificial
preservatives because they are non-toxic and have a wide range of
health benefits. Extracts of basil, broccoli, neem, citrus, Moringa
oleifera and rosemary are better alternatives to preservatives such
as benzoic acid, sulphites, nitrates, MSG, BHA and BHT (Kumari et
al., 2019).

1.8.1 Moringa Oleifera

Moringa oleifera, also called the drumstick tree, is a tree that grows
in the foothills of the Himalayas in northern India. It is also
cultivated throughout Central and South America and Africa due to
the ease with which it grows in tropical and sub-tropical
environments (Devkota & Bhusal, 2020). While Moringa oleifera
remains relatively unknown in the West, it has developed a
reputation in its native lands for its unusually high nutritional value.
Indeed, health researchers have started to give it nicknames such
as “The Miracle Tree” and “The Elixir of Long Life” due to its
miraculous healing abilities (Dhakad et al., 2019).
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Nutritional analysis has shown that Moringa oleifera leaves are
extremely nutritious. In fact, they contain larger amounts of several
important nutrients than the common foods often associated with
these nutrients (Sultana, 2020). These include vitamin C, which
fights a host of illnesses including colds and flu; vitamin A, which
acts as a shield against eye disease, skin disease, heart ailments,
diarrhoea, and many other diseases; calcium, which builds strong
bones and teeth and helps prevent osteoporosis; potassium, which
is essential for the functioning of the brain and nerves, and proteins,
the basic building blocks of all our body cells (Sahu & Lakra, 2020).
Another important point is that Moringa oleifera leaves contain all of
the essential amino acids, which are the building blocks of proteins.
It is very rare for a vegetable to contain all of these amino acids,
and Moringa oleifera contains these amino acids in a good
proportion, so that they are very useful to our bodies. These leaves
could be a great boon to people who do not get protein from meat.

1.8.2 Antioxidant activity Moringa oleifera

According to analysis, the powdered leaves of the Moringa oleifera
tree (which is the way most people consume moringa) contains 46
types of antioxidants. One serving, in fact, contains 22 percent of
our recommended daily intake (RDI) of vitamin C, one of the most
important antioxidants on Earth, and a whopping 272 percent of our
RDI of vitamin A (Chuang et al., 2007). Antioxidants help to
neutralize the devastating impact of free radicals, thereby guarding
us from cancer and degenerative diseases such as macular
degeneration and cystic fibrosis (Dahot, 1998).
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1.8.3 Antimicrobial potential Moringa oleifera

Moringa oleifera is the most widely used for treating bacterial
infection, fungal infection, anti inflammation, sexually-transmitted
diseases, malnutrition and diarrhoea (Kumar & Rao, 2020).
Moringa species have long been recognized by folk medicine
practitioners as having value in the treatment of tumors (Barhoi et
al., 2021). A study by Yoro et al., (2022) reported that M. oleifera
water extracts had antimicrobial activity against E. coli, S. aureus
and B. Subtilis. Abu et al., (2020) reported that the inclusion of
Moringa oleifera leaf meal in Broiler chickens reduced the E. coli
bacteria count in the ileum. In addition, Moringa oleifera leaf water
extracts exhibited antimicrobial properties through the inhibition of
the growth of S. aureus strains isolated from food and animal
intestines (Yang et al., 2016). The leaves of Moringa oleifera have
also been known to contain a number of phytochemicals such as
flavonods, saponins, tannins and other phenolic compounds that
have antimicrobial activities (Bagheri et al., 2020). This would
suggest that the antimicrobial activities of moringa could be
attributed to such compounds. The mechanisms of actions of these
compounds have been proven to be via cell membranes
perturbations (Noreen et al., 2020). This coupled with the action of
B-lactams on the trans-peptidation of the cell wall could lead to an
enhanced antimicrobial effect of the combinations (Tiwari et al.,
2021). According to Shakir et al., (2019), Moringa oleifera leaf
extracts contain small peptides which could play an important role
in the plant's antimicrobial defence system. The proteins or
peptides are believed to be involved in a defines mechanism
against phytopathogenic fungi by inhibiting the growth of
micro-organisms through diverse molecular modes, such as
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binding to chitin or increasing the permeability of the fungal
membranes or cell wall (Chuang et al., 2007).

1.9 Problem Statement and Justification

The challenges of today's food processing industry are
enhancement of shelf-life and food safety for which chemical
preservatives are used to prevent food spoilage due to microbial
contamination or undesirable chemical changes like oxidation
(Luceraet al., 2012). Artificial preservatives are chemically
manufactured such as those derived from benzoic acid, sodium
diacetate, and potassium or calcium salts of lactic acid, etc. Most of
them are expensive and pose health risks as they are said to be
carcinogens and cause respiratory and digestive problems
(Sharma, 2015). Given the risks of eating foods that contain
chemical preservatives, antimicrobial extracts from plants or
vegetables could provide natural sources of preservatives that
could be used in the food business. Moringa extract has been
found to be a good source of polyphenols and other phenolic
compounds (Kim et al., 2013). The extracts can be mixed into meat
products to improve the quality and colour stability of ground beef.
According to Singh and Bhat's (2003) research, Moringa oleifera
leaf extract has the potential to be employed as a natural
preservative in a variety of foods. It had an extensive antibacterial
activity with a zone of inhibition ranging from 0 to 22 mm and
antifungal activity ranging from 8 to 14 mm. This research has
focused on the use of Moringa oleifera leaf extracts as potential
natural antimicrobial compounds for use in beef preservation. Their
ability to control foodborne pathogens and organoleptic properties
of beef treated with moringa leaf extract was investigated.
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1.10 Objectives

1.10.1 Overall objective

The main objective of this study was to determine the antimicrobial
efficacy of Moringa oleifera leaf extracts as ground beef
preservatives

1.10.2 Specific objectives

i. To assess the antimicrobial properties of Moringa Oleifera
leaf extract against common spoilage bacteria and
pathogens present in ground beef.

i. To determine shelf life of ground beef preserved with
Moringa oleifera leaf extracts.

iii. To evaluate the sensory attributes of beef preserved with
Moringa oleifera leaf extracts.

1.11 Structure of the Dissertation

The dissertation is organized in a published paper format. Chapter
one entails the general introduction to this study. Chapter two and
three presents the published paper and the submitted manuscript
whereas Chapter four presents the general discussion and Chapter
five the general conclusion and recommendations.
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containing safe and natural additives. Hence, using natural food additives 1o extend the shelf life of

maeat along with delaying microbial growth is mportant. Given the increasingly popular view of |
Moringa olefera eaves as a traditonal remedy a study was designed to investigate the

antmicroblal effect of Moringa oleffers leaves aguecus exiract on grounded meat The study ’
evalualed the physico-chemical, microbsal, and organoleptic qualities of ground beef treated with
0.5%1%, 1.5%, and 2% levels of aqueous solution of extract of drumstick (Moringe clefers) leaves
during refrigerated storage at 4 C. The meat samples Yreated with 1.5% crude extract of drumstick
|leaves significanty (P<0.05) improved meat pH, juiciness, texture, flavor, taste, and overall |
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acceptabilty scores as compared 1o control and other treated samples. Microbial load in terms of
Aerobic Plate Count (APC) was found to be decreased significantly (P< 0.05) in treated samples
which 2% treatment was more effective. The lightness (L°), redness (a”) yellowness (b*) values
significantly decrease which 2% has decrease more. The pH of ground beef showed s siight
Increase duning storage but Morings extract does not significantly affect the pH of the meat.

Keywoards: Monnga oledfera; ground beef, shelf ife

approaches and omganic preservatives to prolong
the durabity of meat products. while still
guaranteeing thewr safety and nutriional value.
Moringa oleifera. a botanical species commonly
known as the "Miracle Tree® or "Drumstick Tree *

potassium or calcium salts of lactic acd, eto.
Most of them are expensive and pose health
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aim to shed light on the potental mechanisms by
which this natural exiract exerts is preservative
effects and elucidate s broader implications for
the food Industry, sustainabilty, and consumer
health

By consdering the vanous facets of this
intiiguing relationship, we endeavor 1o provide a
comprehensive understanding of how this natural
preservative may revolutionize the way we
perceive, consume, and store meat products. As
we venture deeper into this exploration, we will
uncover the multfaceted potentiai of Moringa
olefera as a game-changing solubon n the
pursuit of safe, nutrdtious, and sustanable meat
preservation.

2. MATERIALS AND METHODS

2.1 Location of the Study

The study was conducted in Tanzania af
Morogoro  regon  In municipality.
According to the 2016/20 Natonal Sample
Census of Agriculture. The total number of cattle
In the Morogoro region is 1,084 316 cattie (3.2
percent). The fotal number of cattle »n Morogore
municipal city is 10,147 cattie (NBS, 2021)

2.2 Source of Raw Materials

Beel steak sample was oblained from the
butcher from the Morogoro Chief Kingalu market

Fresh bee! was processed after 48-how
postmortem. Beef steak was cut nto small cubes
after the removal of visible fat and connective
tissues and minced n a sterlle meat
(Sirman®, Maly, Model Buffalo TC 32) fitted with
& mm plate

Mornga leaves (Fig. 1) were obtained from a
mornga-producing farmer in Morogoro, Tanzania

Fig.1. Moringa oleifera leaves

2.3 Preparation and Extraction of the
Moringa oleifera Leaves Extract

The Morings olelfers leaves extract was
prepared and  exiracted folowing  the
methodology outined by Redfern of al [13)
Intially, Monnga olefera leaves aiso known as
mionge, underwent a thorough washing process
© eliminate dit = Subsequently, these cleaned
leaves were airdried unti they reached a
consistent weight. For the extraction process,
200 grams of the dried plant samples were
metioulously macerated with an ethanol-water
solution (7:3) in a proportion of 800 ml. This
maceration occurred at room temperature over a
span of 2 days, accompanied by regular agitation

Folowing the ton, each was
meticulously separated from the residual plant
matenial through filtration, utlzing Whatman no
1 fiter paper. The resulling extracts were then
concentrated under reduced pressure at a
temperature of 55°C, employing a BUCH!
rotavapor R-205, as depicted in Fig 2. The
solvent from the extracts was removed through
freeze-drying, faciitated by a Laboonco
700801050 freeze dryer. Ultmately, the plant
extracts, now devoid of solvert, were carefully
stored at a femperature of -20°C.

Fig. 2. Concentrating aqueous-ethanol mixture in a BUCH! Rotavapor R-205

44
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2.4 Sample Preparation

The meat chunks were minced o get ground
beef The samples were then prepared by
manually madng 0.5%.1.0%, 1.5% and 2% of
Monnga leaves extract 1o 200 g of meat [14)

2.5 Research Design

05%. 1%, 1.5%. 2%, and O%{control) were
Mumnccus; They were

hours. 24 howrs, 48 hours and 72 hours after
producSon.

2.6 Aerobic Plate Counts for Shelf Life
Determination

One gram of the control and treated groups were

Konica Mincita The vacuum-packaged
ground bee! was opened ¥ each tme ©
measure the surface coior dunng the 72-howr



28

Meatunds of of . E00 J Mad Paniy, vl M 00 10 po 4250 X003 Acle oo EINP 100107

Table 1. Effects of Moringa oleifera preservative on asrobic plate count for ground beef
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the interaction between Ipid oxdation and meat
color oxidation. According to Mashua et al. [24)
because Moringa cleifera leaves exfract is green,
the treated samples had lower redness (a°%)
values than the control samples. Because of the
green pigment in MO leaves, the presence of
Moringa oledera leaves extract resulted in the
greening (3*) of patties, and so the redness
decreased with the addiion of Moringa olefera
leaves extract, The a*-values for all sampies
were reduced, according to Nyati (2017), [30]
Moringa oleffera-preserved minced beef samples
had higher values than the control. The a*-values
were unaffected by increasing the concentration
of Monnga ocleffera extract. Preserving redness
In ground beef involves a complcated interplay
of metabolic events, and Moringa oleifers |eaves
extract shows the potential for delaying color
changes. Because of s antioxidant and
antibacterial qualities, it is a promising prospect
for future research and application in the meat
industry to improve both visual appeal and shelf
life.

3.2 Color b (Yellowness)

The Table 2 shows that there is no significant
difference between control and 0.5% but,
there is a significant difference in the (b%)
value between control, 0.5% and 1%, 1.5%, and
2%.

According to Nyas (2017) [30]. there was a slight
reduction of values with time on all the minced
meat samples however, there was no significant
difference between the values of the control or
any of the samples. According to Mashua et al.,
[24], the yellowness (b*) values sgnificantly
decreased with the concentration of MOLE in
treated patties compared to control  The
decrease in yellowness in paties is due to the
natural antioxidants that Moringa oleifera leaf
extract contains.

3.3 Color L (Brightness)

According 1o Table 1 all concentrations of
Moringa ofeffera extract exhibit significantly
higher L* values compared to the control at the
inmal stage (1 hour), ndicating maud

concentration maintains the highest brighiness
(L*) compared to other concentrations at later
time points {24, 48, and 72 hours). The decrease
in the L* values (p < 0.05) of treated samples
could be the result of lower moisture with the
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Inclusion of Moringa oleffers leaves extract since
moisture is associated with the lightness values
[31]. Moreover, the inclusion of Moringa oleifera
leaves extract decreased the lightness of ground
beef because Marings oleffers leaves exiract
contans a green pigment (chiorophyll) that
affected the color of the ground beef by diluting

According to Mashua & al [24) there was a
significant decrease in lightness (L*) values of
freated samples with the concentration of
Maoringa leaves extract compared fo control.
According 1o Nyatl, (2017), [30] there was no
significant difference in the L™-values of all the
minced meat samples treated with dfferent
concenirations of moringa olelfers leaves extract
broccoll extract and sodium sulphite

34 pH

The pH level in ground beef plays a crucial role
in both its quality and preservation, The natural
pH of fresh ground beef typically falls within a
slightly acidic range, around 5.5 to 6.0 Singh &f
ai, [32). Initially, the addition of Moringa extract
does not significantly affect the pH of the meat.
However, as time progresses, the pH tends to
slightly increase in all samples, indicatng a
gradual shift towards alkafinity. This is typical in
meal storage due o microbal and enzymatic
activities. The 2.0% concentration shows the
highest pH values at later ime points (48 and 72
hours). Moringa dleffera leaves exiract may help
mantain desirable pH levels and extend the sheif
Iife of ground beef.

Madane et al, [33] also observed an increase in
the pH of chicken nuggets added with Monnga
oleifera flower extract during the
storage However according to Hazra et al, [23],
pH of meat samples treated with 1.5% moringa
crude extract were significantly (P<0.05) higher
than those of other samples. Muthukumar ef al,
[18) observed that there was no difference
(P>0.05) in pH among the control and freated
groups with moringa ofeifera leaves extract in
both raw and cooked pork patties due to
incorporation of antioxidants,

3.5 Color

The results (Table 3) showed a signfficant
(P<0.05) mprovement in the color of ground beef
freated with mornngs oleifera extract (2% with
control and 0.5%). The scores of colors ranged
from 5.3 1o 7.3, The control group received the
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can considerably scavenge
freo radicals Sanchez ot al . [35] thus retan
According 1o Hazra ¢t & [23] the results showed
a sgnificant (P<.05) improverment in the color of
ground buffalo meat treated with 1.5% Monnga

due 0 high contant of antiodants and phencis
which prevert the oxidation of hemoglobin{37-39§

3.6 Texture

¥

exvact scored hghest in comparison to ather

Table 2. Effects of Moringa oleifera preservative on color and pH for ground beel
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Table 3. Sensory attributes of cooked ground beef treated with Moringa oleifera leaves extract

Sampile Color Texture Taste Juiceness  Flavor Overall acceptabliity
CONTROL 731.2* T.0a1.1" 78147 T1s14" Ty T7a1 3"
0.5% 674140 5001 4" 4324 58418" 54225 62218
1% 8.5:1.7% 58217 47:21 56218 51222 5.8z1.9™
15% 82:21%  5B219¥ 38:21% 4021 4.0:2 1% 468£20%
% 53426 4 Ta240 304187 44025 Imns 378217
Moans & S0, vrkies witfan he ssme cokav wh Al ipersored Mflors o Sgnvh Morend fovn ench oty (o< 05)

treated samples. This may be due to more
effective inhibiicn of lpid peroxidation The
results of sausage texture as p ted by

pMciest. The juciness ratings decreased with
ncreasng concentrations of Movinga oleifera

Sediek eof &.[22] showed no significant
differences were obfained between treatments
and control samples,

3.7 Taste

There was a significant dfference (p<0.05) in
taste for &l the sampies under study concerming
the control sample (Table 3). There was a
signeficant difference between the 2%, 0.5%. and
1%. The scores of colers ranged fom 30to 79
on the 8S-poit scale. The mean difference
between the control sample and the
preservatives reveals a significant increase in

taste preference for afl concentrations (0.5%, 1%,

15%, and 2%) compared 1o the control. The
taste  preference  deteriorates as  the
concentration of the preservatives increases. The
control sample had the highest rating for taste,
Iindicating It was the most faverable in terms of
taste. As the concentration of Moringa oleifera
extract increased, the taste ratings decreased.

According to Sediek et al, [36] taste showed the
priority of ginger extract especialy (1.0%).
According to Hazra et al, [23] the taste showed a
signficant (P<0.05) Improvement, and ground
buffalo meat treated with 1.5% crude extract
scored highes! in comparison to other treated
samples.

3.8 Juiciness

There was a signfficant difference (p<05) in
juiciness for the controf sample with 1%, 1.5%,
and 2%, (Table 3). The scores of colors ranged
from 44 to 7.1 on the 8-point scale. The mean
difference between the control sampie and the
preservatives indicates a significant increase in
|uiciness preference for all concentrations (0. 5%,
1%, 1.5%, and 2%) compared to the control, The
prefererce for jukiness improves as the
concentration of the preservatives increases. The
control sample received the highest rating for
juicness, suggesting it was perceived as the
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According to Hazra et al [23) the treated
samples differed significantly (P<05) from the
control, but there was no significant (P> 05)
dfference between them. Rahman et al, [12]
found a significant (p<,05) increase in the color,
flavor, tendemess, |juicness, and overall
acceptability of goat meat nuggets treated with
0.3% Mornnga oleifera leaves extact during
frozen storage compared to the control and other
goat meat nuggets treated with 0.1% butylated
hydroxyaniscle (BHA).

3.9 Flavor

There was a signficant difference (p<.05) in
flaver for all the samples under study conceming
the control sample, as indicated in Table 3
There was a significant difference between the
2%, 0.5%, and 1%, The scores of colors ranged
from 3.1 10 7.7 on the S-point scale. The mean
dfference between the control sample and the
preservatives shows a significant Increase in
flaver preference for all concentratons {0.5%,
1%, 1.5%, and 2%) compared o the control, The
preference  for flavor deteriorates as  the
concentration of the preservatives increases. The
control sample had the highest rating for flavor,
indicatng it was perceived as having the most
desirable flavor, The flavor ratings generally
decreased as the concentration of Moringa
olelfera extract Increased,

Accordng to Hazra et al. [23) the flavor score
also showed a significant (P<.05) improvement,
and ground buffaio meat treated with 1.5% crude
extract scored highest in companson to other
treated samples. As Abdallah e al [4] said
Moringa flavor intensity was significantly (p <.01)
detected n treated beef meatballs with 0.5%. 1%,
and 2% MLE throughout the storage perieds,

3.10 Overall Acceptability

The overall acceptability of ground beef & a
crucia determinant of its qualty and consumer
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Increase n overall for ai RECOMMENDATIONS
concentrations (0.5%, 1%, 15%, and 2%)
compared o the control. The overall acceptabilty  »  Explore the potential synergistic effects of
deteriorates as the concentration of the combining Moringa ofeffera leaves exiract
Increases concentratons with other natural preservatives of
of Maringa extract (1.5% and 2.0%) tend to result to enhance the
in lower sensory ratings across all atwibutes, overall shelf ife and quality of refngerated
suggesting that excessive concentrations ground beef
negatively impact the sensory quality of the meat.  »  Another study shoukd be done using
= et al (23] the % M::;mm“dm
overall acceptability showed a significant oleifera concentration 9 9
(P<05) improvement, but thefe was nO . coanocation with industry partners and
significant  dfference between the treated reguiatory authorities should be done to
samples. However, the GBM treated with 1.5% estabhsh guidelines and standards for the
scored a greater vaiue than the other treated of Moringa oleffera leaves
samples. As Abdallah of al, [4] found, 2023 there extract in ground beef products, ensuring
characterstic flavor of beel meatballs, and labeling requirements
lenderness, juciness, and overall acceptability P The presenvative effect of Moringa oierfers
samples. however, a slight mprovement in both products

whereas the other recorded less

significant COMPETING INTERESTS

4. CONCLUSION Authors have declared that no competing

nierests exist
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Abstract: The study was done % cxaming the microbiotogical effects of Mortimga olv(fera ds & preservirion agent oo ground
beel held at 4°C for 72 howra. The study compared Movimga adetforn comoentrations of 0.5%, 107, 1.5%, and 2.0% 10 a
preservative-free conerol group, This study measured Total bacteria counts (TBC), Total coliform coust (TCC), Suphylococcus,
Salmoeells and E, coli. The study found a dose-dopendent relationship between Moringe oledfera dosage and microbial
populations. All Movinga oledfera oancumnlionl demonstrured lower total bacterial counts (TBC) than the control group. The
highest concentmtion (2,006) showed the gr dh This sugeests Marwga adedere could prevent ground boef
bacterial growth In TCC .uumrga uMﬂm mumd coliform bactoria botier uf Mubw concentrunions. The concentrations of 1.5%
and 207 reduced ipared o the control group, & lhdrcﬂu)hmgnhuqnun

Mortnga aletfor showed dnoe-dqmuku uutnuennl activity against Staphylococcus lnd E coli Incrensed preservative
dases significantly reduced Staphylococous and E. coll counts, suggesting bey can improve food safety by reducing hurmful

microarganisms. Maringw eleifera appears 10 be an effeciive mtural preservative, extending the shelf fife und microbiological
propertics of ground beef under refrigermed storage. This study suggesss employing natural preservatives o improve food
safery and quality, which is inpoctant for the meit business.

Keywords: Morimyi ofetfer, Grownd Beel. Fl

id Contexit, Foodh Puils

1. Introduction

Tiw food sector ut i global kevel consistently encounters
the ongaing tsk of o ing the safety and quality of
meat prodocts, with particalar conpliasis on grownd beef’ | 23]
This particular type of meat bas signaficant inportance as a
fundamental comporent of the diet for mamerous persans
across the globe The growmng conphasis on food safety
nmcmhaldwﬂumogmﬂoao(mwnl

binl agenis as | in the fight against
foodborne diseases [X) One potential manuenl conlender that
shows promsse s the Moringw oleifera tree, which is
well-known for lts diverse health advirntages and its ability 10
counternct bacteria thut pase a risk 10 the quality of meat
products [24)
Ground beef, obtamed from the muscular tissoes of cattle,

extubits favornhle attribuses that facilisme the proliferution of
pathogenic bacteria, including Eschericvia coli (E colll,
Saimonefla spp, and Suphyfococows aurvus [V], Ground beel’
Is very vulnerable s infection and spoiling due 4o its wet and
nutrient-rich nature, a8 well as its widespread use in o vanety
of culinary preparations [27] The sforementioned sitaation
ot only ondxmpm the well-boing of customers but also
and pnw: health bazards [ 15].
eifera, sometines refe 10 us the “Mirache
hoc“ or the ’Dmmuel Tree," hn pnnod comdmbk
recognition in the realins of it
due 10 its remarkable assoroment of bicactive clummls 1
Significamly, the leaves of this pnnn:uh plnm serve ms a
substantial reservoir of ickons, and
secondary metsbolnes  that  possess  robust nlbwmul
characieristics [10]. Extensive stady has boen conducted 1o
imvestigate the antibacteninl properties of Marmga oeyforn leall
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antitacicrial qualings. has the potontial 1o imyroee the salety
and ahelf fife of gound beef 12, 21) Thes might have
wpuficant wplcatons for comtrolling foodbone pathogen
and cusuring the well-betng of consamen, muadbing 3 notable
advancoment m the ficld

2. Methodology
LI Locution of the Stndy

The siady wan conducied o Motogore mmsicipality.
According 10 the 201920 Natosal Sangle Comsn of

Agriculiure, The total numuber of catile i Morogeeo regson i
1083316 cattle (0.2 porcent). The soeal mumbor of cantie in

Merogero nasicipul city = 10,147 canle
2.2 Sowrce of Raw Materialy
A bool mesk sampic wan obusncd from the burcher from

Exchorschia coli) [ 16]. Analysis was comiad owt affer | howr,
12 howars, 24 howrs, 48 howrs a0d & s of 72 hours.

24 Proparation and Extraction of the Movinga wleifere
Lowver Exwoct

2 Gy, scoonguiod by regular agitation | 29)

codr dovolopenont. Absortance was thon mossarad 765 am
wing the Hewleo-Fackand UV-VIS specsophotometer. Totsd
phonolc cottones were cyromad o unllymue por pram gulhe
a0od opevalon (GAL) wing te fllowing oquation hesed n
the caliboanion curve: y = G IKIx 12 = 0995, whore x was the

cabitention cunve ¢ « 02645, 72 = 0972, whore + was the
absortunce and v was the Re oguivalent (mg ).

24 Sample Preparation

The mant chunks were minced 10 et
sanpics were thom prepared by masslly usising 0.5%, 1
19% and 2% of agueows solution of Morings leaves oxtrat
0 200 g of wmont |7}

27 Micrabial tmalysin

2L Yetal Bacterial Conumt
One gram of exch of the mincod mest samples was

carcfully wesghod and mined with 9wl of the peplone waser
Further sorial ddutions were proparad wp 40 10-10 and one ol

wore coused using the colon counser |9

272 Coliforms

Coliforma arc goncrally harmiess but, i is » wily hypene
mdica tewt. One gram of cach minced meal sanple wak
woighod and mised with % wd of peplone wakr. Serul
dikution was prepared %0 10-5 3nd the Violar Rod Bile Aga
wis usod for evnctation of coliforms wsing the pour plate
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274, Naphylococcus twrvas
Stpifocaceus aurver 18 2 bactonial pathogen clsing
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the spreud platc method on 3 prodried wmfice of
Baird-Parker ugir and the plates were incubuted ut 17°C for
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1S mm i dameter, black, shiny, convex with & namow
while entire imurgin, aed wirmounded by clear sones exlcnding
25 pun into the opagee wedsum [9)

275 Subwanelle

Sabmoneile 4 & We-theaaiening bocteriem and o s the
mor cause of most ood-bome bucterial illness i hunsns,
|15, 17] Detection and essuveration of Salmoneils colomies
was done wiing Xylose Lysing Desonycholate (XLD) Agar,
und the plites were incubsted wt W'C Re 24 houns.
Salmouells enrichiment  broth wos wmed  for selective
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CHAPTER FOUR

4.0 GENERAL DISCUSSION
4.1 Total phenolic and flavonoid content of Moringa oleifera
leaf extract.

The overall phenolic and flavonoid concentration of the leaf extract
from Moringa oleifera. The sample exhibits a total phenolic content
of 41.71+0.54 mg GAE/g and a total flavonoid content of 6.21+0.1
mg QE/g. In this investigation, the total phenolic content of Moringa
leaves was found to be 31.87 mg GAE/g lower than the value
published by Dadi et al. (2018). However, the total flavonoid
content (68.0 mg QE/g) was greater than the value given for
Moringa leaves in this study. The study conducted by Rocchetti et
al. (2020) revealed a range of 10.9 to 16.5 mg GAE/g for the total
phenolic content of Moringa oleifera leaves. The investigation
conducted by Vongsak et al. (2013) found that the Moringa oleifera
leaf extract had a maximum total flavonoid content of 4.98 mg

QE/g.

The concentration of flavonoids in plants is influenced by various
factors, including the solvent used for extraction, the drying
process employed, the specific plant species, the environmental
conditions in which the plants were collected, the season, the
physiological stage of the plants at the time of harvest, and the
extraction technique applied (Zullaikah et al., 2019).The phenolic
chemicals found in Moringa oleifera leaves possess antioxidant
properties, enabling them to stabilize free radicals and hinder or
postpone the oxidation of dietary constituents (Vongsak et al.,
2013). Optimizing the extraction procedure can result in an extract



43

from Moringa oleifera leaves that is abundant in phenolic chemicals.
Pop et al. (2022) have found that the leaf extract of Moringa
oleifera contains flavonoids that demonstrate antioxidant action,
both in laboratory experiments and in living organisms. The
observed differences in the total phenolic and flavonoid content of
Moringa oleifera leaf extracts have significant implications for their
practical applications. The variation in these concentrations can
impact the antioxidant properties and potential uses of the extracts
in food and nutraceutical products (Singh et al., 2020). The
differences observed in the study, compared to values from other
research, highlight the influence of factors such as extraction
methods, plant species, environmental conditions, and extraction
techniques on the composition of the extracts (Sharma et al., 2022).
This underscores the importance of standardizing extraction
methods and conditions to ensure consistent and reliable results.

It is known that the concentration of flavonoids in plants is
influenced by various factors, including the solvent used for
extraction, the drying process employed, the specific plant species,
the environmental conditions in which the plants were collected,
the season, and the physiological stage of the plants at the time of
harvest (Sharma et al., 2022). The significance of the observed
differences lies in the potential impact on the antioxidant properties
and the suitability of the Moringa oleifera leaf extracts for use as
natural food additives, functional foods, and nutraceuticals.
Optimizing the extraction procedure to standardize the phenolic
and flavonoid content can enhance the quality and consistency of
the extracts, making them more suitable for various applications.
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4.2 COLOR a*, b*and I*

The study reveals that after 1 hour, ground beef samples treated
with Moringa extract, especially at higher doses (1.5% and 2.0%),
exhibited greater a* values compared to the control. The observed
increase in redness suggests that the extract may possess
antioxidative properties that inhibit the oxidation of myoglobin,
hence maintaining the meat's red color (Lobo et al., 2010). Every
sample, including those treated with Moringa extract, exhibits a
consistent decline in redness (a*) as the duration of storage
increased (12, 24, 48, and 72 hours). This decline is anticipated as
beef undergoes natural aging and oxidation, leading to a shift from
vibrant red to brownish hues.

Remarkably, the Moringa extract with a concentration of 2.0%
exhibits greater a* values at later time periods (48 and 72 hours)
compared to the other concentrations and the control. This
preservation effect suggests that, at a particular dosage, the extract
can slow down the rate at which the color fades in ground beef
when stored in the refrigerator. Siddhuraju and Becker (2003)
found that the abundance of antioxidant molecules in Moringa
oleifera leaves directly affects the color of red meat. This is
because antioxidants often contain a significant amount of green
pigments, and the leaves of Moringa oleifera are rich in green
chlorophyll. Lynch and Faustman (2000) proposed that the
decrease in a* values is associated with the interplay between lipid
oxidation and meat color oxidation. Mashua et al., (2021) found
that the Moringa oleifera leaves extract, being green in color,
resulted in treated samples having lower redness (a*) values
compared to the control samples. Due to the presence of the green
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pigment in Moringa oleifera leaves, the addition of Moringa oleifera
leaves extract caused the patties to turn green, resulting in a
decrease in redness. The a*-values of all samples decreased, as
stated by Nyati, (2017).

The study suggests that there is no significant difference between
the control group and the group that received treatment with a 0.5%
solution. Nevertheless, there is a significant difference in the (b*)
coefficient between the control group and the groups subjected to
1%, 1.5%, and 2% solutions. According to Nyati's 2017 study, there
was a consistent decline in values over time for all the ground beef
samples. Nevertheless, there was no significant differentiation
observed in the results of the control group compared to any of the
other samples. As per Mahua et al. (2021), the yellowness (b*)
values exhibited a substantial decline with increasing
concentrations of MOLE in the treated patties, in comparison to the
control group. The reduction in the yellowness of patties is
attributed to the presence of natural antioxidants found in MOLE.

The study shows that all concentrations of Moringa oleifera extract
have noticeably higher L* values than the control after 1 hour,
suggesting an increase in brightness. Nevertheless, the brightness
of all samples gradually diminishes. The concentration of 2.0%
consistently maintains the highest level of brightness (L*) when
compared to other concentrations at later time intervals (24, 48,
and 72 hours). The decrease in the L* values (p < 0.05) of the
treated samples can be attributed to the reduced moisture content
caused by the addition of Moringa oleifera leaf extract. This is due
to the established correlation between moisture and lightness
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values, as documented by Pérez-Alvarez et al. (1999).
Furthermore, the addition of Moringa oleifera leaf extract resulted
in a reduction in the brightness of ground beef. This is due to the
presence of chlorophyll, a green pigment found in Moringa oleifera
leaf extract, which diluted the natural flesh pigment, hemoglobin,
thereby affecting the color of the ground beef.

In the study conducted by Mashua et al. (2021), it was observed
that the lightness (L*) values of the treated samples decreased
significantly as the content of Moringa leaf extract increased, in
comparison to the control group. Nyati (2017) found that the
L*-values of ground beef samples treated with various quantities of
Moringa oleifera leaf extract, broccoli extract, and sodium sulphite
did not show any significant difference.

4.3 pH

The term "pH" refers to the measure of acidity or alkalinity of a
solution. The pH level of ground beef is essential for determining its
quality and ensuring its preservation. The inherent pH of fresh
ground beef often lies within a somewhat acidic spectrum,
approximately ranging from 5.5 to 6.0. At first, the inclusion of
Moringa extract has no substantial impact on the pH level of the
meat. Over time, the pH of all samples shows a small increase,
suggesting a progressive transition towards alkalinity. Microbial and
enzymatic activities commonly occur in beef preservation. The
concentration of 2.0% exhibits the highest pH values at later time
intervals, specifically at 48 and 72 hours. The application of
Moringa oleifera leaf extract can aid in preserving optimal pH levels
and prolonging the storage duration of ground beef. Madane et al.
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(2019) also noted a rise in the pH of chicken nuggets that were
supplemented with Moringa oleifera flower extract during the
storage period.

4.4 Total Bacterial Count (TBC)

Total Bacterial Count (TBC) is a quantitative assessment of the
whole microbial population present in ground beef. The control
sample, which did not include a preservative, exhibited a microbial
count above 105 colony-forming units per gram after being stored
for 72 hours. This count serves as the arbitrary threshold for the
shelf life "end point," at which indications indicative of deterioration
become apparent (Steyn, 1989). The research conducted by
Okorondu et al., (2015) confirms that Moringa oleifera has strong
antimicrobial properties. The study found that Moringa oleifera
contains bioactive compounds such as flavonoids, alkaloids,
tannins, saponins, and cyanogenic glycosides, which, when used
in appropriate amounts, can effectively inhibit and eliminate
microorganisms. Moringa oleifera contains phenolic chemicals that
can function as reducing agents and metal ion chelators when
exposed to different hydroxyl radicals (Dorman and Deans, 2000).

During the first hour, the TBC values of all concentrations (0.5%,
1.0%, 1.5%, and 2.0%) of Moringa oleifera extract were lower than
those of the control group. This suggests that the extract hinders
the proliferation of all bacteria present in the meat. During the
72-hour storage period, the total bacterial count (TBC) steadily
rises in all samples, as is anticipated due to the microbial
degradation of meat. Significantly, the control group consistently
demonstrates the highest Total Bacterial Count (TBC) values
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across all time intervals, suggesting that the Moringa extract
possesses a preservation property that effectively inhibits bacterial
proliferation. The 0.5% and 1.0% concentrations of Moringa extract
exhibit superior efficacy in reducing bacterial growth when
compared to higher concentrations and the control group.

The study conducted by Zhang et al. (2016) shown a significant
reduction in the total viable count (TVC) of raw chicken flesh when
spice extracts were added. In the study conducted by Jayawardana
et al. (2015), chicken sausages that were treated with 0.5%, 0.75%,
and 1% Moringa oleifera leaf extract showed significantly lower
total phenolic content (TPC) values compared to chicken sausages
treated with 0.25% MLE and the control sample. This difference
was observed consistently over a storage duration of 5 weeks. The
observed differences were statistically significant (p < 0.05). In a
study conducted by Falowo et al. in 2016, it was shown that adding
1 g/kg of Moringa leaf extract (ethanolic-aqueous) to ground beef
samples stored at 4 -C for 6 days resulted in a significant decrease
in total viable counts compared to the control and samples treated
with butylated hydroxytoluene (BHT). This decrease was observed
as early as Day 3 of storage (p < 0.05). The results suggest that
MLE has the potential to serve as a natural antibacterial agent in
meat products. When the number of microorganisms in meat
exceeds 7.00 log CFU/g of TVC, it indicates that the meat is
spoiled and may pose health risks (ICMSF, 1986).

4.5 Total Coliform Count (TCC)
The Total Coliform Count (TCC) is a measure of the presence of
coliform bacteria, which might indicate the presence of fecal
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pollution and inadequate hygiene (Martin et al., 2016). Like TBC,
any concentration of Moringa oleifera extract leads to reduced TCC
levels in comparison to the control during the initial stage (1 hour).
Over the course of time, the total cell count (TCC) increases for all
samples, however, the control group consistently demonstrates the
highest TCC values. The Moringa extract with a concentration of
1.5% demonstrates the most notable decrease in TCC (total
coliform count) when compared to other concentrations and the
control group at all time intervals. These findings indicate that the
Moringa extract effectively reduces the growth of coliform bacteria
in ground beef by utilizing its antibacterial capabilities. The
presence of polyphenolic components, including total phenolic
content and total flavonoids content, in the extract is responsible for
this impact (Mashua et al., 2021). The chemicals mentioned in the
study by Jayawardana et al. (2015) help prevent the oxidation of
lipids and the growth of microorganisms in beef.

In a study conducted by Rahman et al. (2020), it was found that the
presence of total coliforms in goat meat nuggets decreased
significantly (p < 0.05) when treated with 0.1%, 0.2%, and 0.3%
MLE during frozen storage. This decrease was observed in
comparison to both the control group and the goat meat nuggets
treated with 0.1% butylated hydroxyanisole (BHA). In a study
conducted by Mashau et al. (2021), it was observed that control
mutton patties had a high coliform count of 6.20 log10 CFU/g at the
end of the 15-day storage period. However, mutton patties treated
with 1%, 2%, 3%, and 4% of MLE showed significantly lower
coliform counts of 5.77, 4.88, 3.06, and 2.02 logl0 CFU/qg,
respectively. The researchers also noted a significant increase in
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coliform counts in all treated samples throughout the 15-day
storage period.

4.6 Staphylococcus spp

Staphylococcus spp refers to many species of bacteria belonging
to the Staphylococcus genus.Staphylococcus is a bacterial genus
comprising both pathogenic and non-pathogenic species. Certain
Staphylococcus species have the potential to cause disease. At the
initial stage (1 hour), the inclusion of Moringa extract led to reduced
Staphylococcus counts in comparison to the control. Over a period
of time, the number of Staphylococcus bacteria normally rose in all
samples, but the control group typically exhibited greater numbers.
The 0.5% concentration of Moringa extract exhibits the most
efficacy in reducing Staphylococcus counts compared to other
concentrations and the control group.These findings suggest that
Moringa extract may have the ability to prevent the growth of
Staphylococcus bacteria in ground beef. Moringa extract likely
inhibits Staphylococcus growth through its rich content of bioactive
compounds, such as phenolic compounds, flavonoids, and
alkaloids. These compounds possess antimicrobial properties that
interfere with the growth and reproduction of Staphylococcus
bacteria by disrupting their cell membranes, inhibiting enzyme
activity crucial for bacterial survival, and altering metabolic
processes essential for growth.

As to Jayawardana et al. (2015), M. oleifera leaves contain
pterygospermin, a chemical that readily breaks down into two
molecules of benzyl isothiocyanate, a substance renowned for its
antibacterial properties. According to the same authors, when
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chicken sausages were treated with M. oleifera leaves at
concentrations of 0.25%, 0.5%, 0.75%, and 1%, the number of S.
aureus bacteria per gram was less than 102 CFU. In addition,
Elhadi et al. (2017) found that the levels of S. aureus were lower in
refrigerated chicken patties treated with 100 g/kg MLP compared to
chicken patties treated with 50 g/kg MLP and control patties
(without treatment) over the 12-day storage period.

4.7 Escherichia coli

E. coliis a prevalent bacterium, and specific strains can be harmful,
leading to foodborne diseases. At the initial stage (1 hour), the
Moringa extract demonstrated a reduction in E. coli counts
compared to the control. Over time, the number of E. coli bacteria
varies, but both the control group and the samples treated with the
extract show comparable patterns. The 0.5% concentration of
Moringa extract exhibits the most notable decrease in E. coli
counts when compared to other concentrations and the control
group. This implies that although the extract may initially have
inhibitory effects on E. coli, its influence may decrease over time.

The in vitro analysis of M. oleifera leaf extracts revealed that MLE
had strong antibacterial properties against Gram-negative bacteria.
Notably, the most significant inhibitory impact of the extracts was
observed against E. coli (Falowo et al., 2015). The antibacterial
action of M. oleifera leaves may be attributed to the low-weight
proteins and peptides. In addition, the presence of E. coli was not
detected in chicken sausages that were treated with M. oleifera
leaves at concentrations of 0.25%, 0.5%, 0.75%, and 1%

(Jayawardana et al., 2015). Furthermore, the concentration of E.
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coli was found to be significantly higher in refrigerated chicken
patties that did not contain M. oleifera leaf powder (MLP) compared
to chicken patties that were treated with MLP, as observed in the
study conducted by Elhadi et al. in 2017. Therefore, Maximum
Likelihood Estimation (MLE) has the potential to be employed as a
powerful antibacterial treatment for suppressing the growth of E.
coli in meat products.

The current study demonstrates the vulnerability of E. Coli to the
leaf extract of M. oleifera. This is consistent with the research
conducted by Falowo et al. (2016), who observed that the extract
from drumstick leaves had the most effective inhibitory impact on E.
coli, resulting in a zone of inhibition with a diameter of 19 mm. In a
similar vein, Adeyemi et al. (2013) documented the efficacy of
Moringa oleifera extract in eradicating E. coli in fish. However,
Rajendrhan et al. (1998) found that E. coli showed resistance to
Moringa oleifera extracts, contradicting previous findings.
Bhawasar et al. (1965) demonstrated that extracts of Moringa
oleifera were not effective in combating E. coli. The disparity can be
ascribed to discrepancies in the environmental conditions at the
site of plant collection, the specific season, and the physiological
phase of the plant during leaf harvesting (Taylor and Van Staden
2001), as these factors influence the chemical composition and
guantity of chemicals present in the plant.

4.8 Sensory Evaluation

This study reveals a significant (p<0.05) improvement in ground
beef color after Moringa oleifera extract treatment (2% control and
0.5%). Color scores were 5.3-7.3 on a 9-point scale. The control
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group was rated 7.30 for having the best color. As Moringa extract
content grew, color evaluations decreased, suggesting that larger
guantities may negatively affect meat color. Color preference
increases significantly at 1.5% and 2% preservative concentrations
compared to the control sample. At 0.5% and 1% concentrations,
the change is negligible. Myoglobin affects meat color. Free
radicals and aerobic bacteria cause methemoglobin to change
color unfavorably (Renerre and Labas 1987). Drumstick leaf crude
extracts can scavenge free radicals and preserve color (Sreelatha
and Padma 2009). Hazra et al. (2012) found that ground buffalo
meat treated with 1.5% extract had a substantial (P< 0.05)
enhancement in color compared to other treatments.

According to this study ground beef texture improved significantly
(p<0.05) by 2% compared to the control and 0.5%. Color scores
were 4.7-7.0 on a 9-point scale. Preservatives improve texture
preference at all concentrations (0.5%, 1%, 1.5%, and 2%)
compared to the control sample. As preservative concentration
increases, texture preference improves. The control sample earned
the best texture rating, like color. As Moringa oleifera extract
concentration grew, texture scores fell. Hazra et al., (2012) found
that ground buffalo meat treated with 1.5% crude extract had a
substantial (p<0.05) improvement in flavor score compared to other
samples. This may be related to better lipid peroxidation inhibition.

Significant taste differences (p<0.05) were found in all research
samples compared to the control sample. A considerable difference
existed between 2%, 0.5%, and 1%. Color values varied from 3.0
to 7.9 on a 9-point scale. Taste preference increased significantly
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for all preservative concentrations (0.5%, 1%, 1.5%, and 2%)
compared to the control. Increased preservative content reduces
taste. The control sample earned the best taste rating. Taste
ratings dropped as Moringa oleifera extract content increased.

There is a significant difference (p<0.05) in juiciness between the
control sample with 1%, 1.5%, and 2%. Color scores were 4.4-7.1
on a 9-point scale. Compared to the control sample, all
preservative concentrations (0.5%, 1%, 1.5%, and 2%) showed a
substantial increase in juiciness preference. Increased preservative
concentration improves juiciness. Juiciness was highest for the
control sample, suggesting it was the juiciest. The juiciness scores
declined with higher Moringa oleifera extract concentrations. Hazra
et al., (2012) found substantial (P<0.05) differences between
treated and control samples, but no significant difference (P>0.05).
Rahman et al., (2020) discovered that goat meat nuggets treated
with 0.3% MLE had improved color, flavor, softness, juiciness, and
overall acceptability during frozen storage (p < 0.05) compared to
those treated with 0.1% BHA.

Significant flavor differences (p<0.05) were found in all research
samples compared to the control sample. A considerable difference
existed between 2%, 0.5%, and 1%. Color values varied from 3.1
to 7.7 on a 9-point scale. The preservatives increased flavor
preference significantly at all concentrations (0.5%, 1%, 1.5%, and
2%) compared to the control. As preservative content rises, flavor
preference decreases. Control sample earned the highest flavor
rating, indicating it was the most preferred. The flavor ratings
declined with higher concentrations of Moringa oleifera extract.
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Hazra et al. (2012) found that ground buffalo meat treated with 1.5%
crude extract had a substantial (P<0.05) improvement in flavor
score compared to other samples. According to Abdallah et al.,
2023, beef meatballs treated with 0.5%, 1%, and 2% MLE showed
considerable (p < 0.01) Moringa taste intensity during storage.

Ground beef quality and attractiveness depend on its overall
acceptability. All study samples showed a significant difference
(p<0.05) in taste compared to the control sample. A considerable
difference existed between 2%, 0.5%, and 1%. Color scores varied
from 3.7 to 7.7 on a 9-point scale. All concentrations (0.5%, 1%,
1.5%, and 2%) of preservatives showed a substantial increase in
overall acceptability compared to the control. Increased
preservative  concentration decreases acceptability.  High
concentrations of Moringa extract (1.5% and 2.0%) impair sensory
ratings across all criteria, showing that excessive amounts may
lower meat sensory quality. Hazra et al. (2012) found a significant
(P<0.05) improvement in overall acceptability scores, but no
significant difference between treated samples. GBM treated with
1.5% scored higher than the other samples. Abdallah et al., (2023)
found no significant difference in beef meatball flavor, tenderness,
juiciness, and acceptability between treated and control samples.
However, treated meatball samples showed a slight improvement
in tenderness and juiciness compared to the control.

4.9 Potential Cofounding Variables in the Study

Firstly, the variability in the microbial load of the initial ground beef
samples could be a confounding factor. The presence of different
levels of microbial contamination across samples could influence
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the observed antimicrobial efficacy of the Moringa oleifera leaf
extract. To mitigate this, random sampling techniques and
standardized microbial testing methods are to be employed to
ensure consistency and reliability in the results. Secondly, the
specific strains of microorganisms present in the ground beef
samples may respond differently to the antimicrobial properties of
the Moringa oleifera leaf extract. Without comprehensive
identification and characterization of the microbial species involved,
it may be challenging to ascertain the broad-spectrum
effectiveness of the extract (Derbo & Debelew 2023). Including a
diverse panel of bacterial strains representative of common
foodborne pathogens would enhance the study's relevance and
applicability to real-world scenarios.

Furthermore, the study may overlook potential interactions
between Moringa oleifera leaf extract and other ingredients
commonly used in ground beef formulations. Additives such as salt,
spices, and preservatives could interact with the extract, altering its
antimicrobial activity or overall efficacy in food preservation (Gandiji
et al.,, 2020). Conducting additional experiments to assess the
compatibility of the extract with typical food additives would provide
valuable insights into its practical utility in food processing.

Moreover, the study's focus on ground beef alone may limit the
generalizability of the findings to other food matrices. Different
types of meat, poultry, or seafood products may exhibit varying
levels of susceptibility to microbial contamination and respond
differently to antimicrobial treatments. Consequently, extending the
investigation to a broader range of food products would yield a
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more comprehensive understanding of the extract's applicability
across diverse food systems.

Additionally, the study's reliance on laboratory-scale experiments
may not fully capture the complexities of microbial growth and food
spoilage dynamics under real-world storage conditions. Factors
such as temperature fluctuations, oxygen exposure, and packaging
materials could influence the efficacy of the Moringa oleifera leaf
extract in preserving ground beef (Boopathi & Raveendran, 2021). .
Therefore, conducting follow-up studies under simulated or actual
storage conditions commonly encountered in the food industry
would enhance the study's practical relevance and reliability.

4.10 Potential applications of the study’s findings in the food
industry

The significant application of this study's findings is in the
development of natural preservatives for ground beef products.
Traditional preservatives often contain synthetic chemicals, raising
concerns about their long-term health effects and environmental
impact. The use of Moringa oleifera leaf extract offers a natural
alternative, addressing consumer preferences for clean-label
products while effectively inhibiting microbial growth. This aligns
with the growing demand for natural and sustainable food
preservation methods within the food industry (Grosshagauer et al.,
2021).

Moreover, the antimicrobial properties of Moringa oleifera leaf
extract can help mitigate bacterial contamination during various
stages of ground beef processing and distribution. From



58

slaughterhouses to retail shelves, ground beef is vulnerable to
pathogens such as Escherichia coli, Salmonella, and Listeria
monocytogenes (Mehwish et al.,, 2022) Incorporating Moringa
oleifera leaf extract into processing facilities and packaging
materials can serve as an additional barrier against microbial
proliferation, reducing the risk of foodborne illnesses and product
recalls.

The versatility of Moringa oleifera leaf extract also opens doors for
innovative product development in the food industry. Beyond
ground beef preservation, this natural antimicrobial agent could be
explored in other meat products, dairy items, and even plant-based
alternatives. Its broad spectrum of activity against various
microorganisms provides manufacturers with a multifunctional
ingredient for enhancing food safety and extending shelf life across
a range of perishable goods (Hodas et al., 2021).

Furthermore, the utilization of Moringa oleifera leaf extract supports
sustainability initiatives within the food industry. Moringa trees are
known for their rapid growth, resilience to adverse conditions, and
minimal water requirements, making them an environmentally
friendly crop. By harnessing the antimicrobial properties of Moringa
oleifera leaf extract, food producers can reduce reliance on
synthetic preservatives, minimize food waste, and contribute to
more sustainable supply chains (Boopathi & Raveendran, 2021).
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CHAPTER FIVE

5.0 GENERAL CONCLUSION AND RECOMMENDATIONS

5.1 General conclusion

The study on the antimicrobial effect of Moringa oleifera leaf extract
in ground beef preservation encountered various challenges,
including assessing pH, total phenolic and flavonoid contents,
foodborne pathogens, and color attributes. Variations in sample
preparation and extraction techniques affected accuracy and
reproducibility, necessitating standardization. ldentification of
pathogens faced challenges due to specialized techniques, while
assessing color attributes had technical issues. Despite limitations,
the study demonstrated that a 1.5% concentration of Moringa
oleifera leaf extract improved taste, aroma, and overall
acceptability of ground beef, with significant microbial reductions.
While not affecting meat pH, the extract shows promise as an
organic preservative, aligning with consumer demand for natural,
health-conscious options and addressing food safety concerns.
Further exploration of Moringa oleifera’'s potential could
revolutionize meat preservation, enhancing sustainability and
consumer well-being.

5.2 Recommendations
In view of the conclusions above, it is therefore recommended that:
e Investigate the possible synergistic outcomes of mixing
Moringa oleifera leaf extract with additional natural
preservatives or packaging technologies to improve the
overall durability and quality of chilled ground beef
products.
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Another study should be conducted to explore other
extraction methods for Moringa oleifera and to enhance the
concentration of Moringa oleifera.

Collaboration with industry partners and regulatory
agencies is necessary to develop guidelines and standards
for including Moringa oleifera leaves extract in ground beef
products. This collaboration will ensure that the products
comply with food safety rules and labeling requirements.
The antimicrobial properties of Moringa oleifera should be
examined in various food items.

A study on the antimicrobial mechanism of Moringa extract
should be done.
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