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Abstract

The study was carried out to investigate the effect of spice extracts on quality and storage
stability of buffalo meat patties. Three different spices viz. ginger, garlic and turmeric were
collected and ethanolic extracts of each of them were incorporated in the patties at
concentration of 0.05% of total ground meat mass. VVarious physicochemical properties were
studied. Patties were extracted using methanol to analyze phytochemicals. Also, Storage
stability of patties were analyzed at -4°C for 30 days. Analysis of variance (ANOVA) and
Tukey’s test were performed using GenStat 12™" Edition to check the significant relationship
at p<0.05.

The physicochemical properties (cooking loss, water loss, lipid loss) were found to be the
lowest for Ginger extract (GE) incorporated patties (20.24+0.15, 17.64+0.41 and 0.32+0.03
% respectively). Also, GE showed the highest total polyphenol (757.956 mg GAE/100g) and
total flavonoid content (189.123+0.61 mg QE/100g), whereas Turmeric extract (TE) showed
the highest antioxidant activity (14.3045 % at 5 uM and 71.7848 % at 25 uM) followed by
Ginger extract and Garlic extract (GAE). For storage stability, the lowest PV at day30 was
encountered for TE treated patties (3.488667 Meqg/kg) followed by BHT, GAE, GE and
control. GE also contributed to have the highest anti-microbial activity with lowest total plate
count (6.88+0.06 log cfu/g) at day 30 followed by GAE, TE, BHT and control. Change in
pH was also found to be the lowest for GE treated patties (from 6.18 to 5.95) followed by
TE, GAE, BHT and control. Thus, spice extract significantly increased the storage stability
of buffalo meat patties as compare to control and can replace synthetic antioxidants.
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Part |

Introduction
1.1 General introduction

A burger or patty is a handy meat product made from comminuted meat emulsion. The
homogenized muscle proteins, fat, water, salt and other non-meat substances were combined
to create the meat emulsion (Ismail et al., 2021). In order to produce improved emulsion and
gelation qualities, the solubilized intracellular myofibrillar protein, extracted during mixing
process on the meat surface, is mixed with the fat, connective tissue, and other non-meat
constituents (James G. Brennan, 2011). Grounded meat patties are one of the products that
can be easily processed since the sensory qualities and tenderness are influenced by the small

size of the meat pieces (Uriyapongson, 2007).

In several developing nations in Asia, buffaloes (Bubalus bubalis) are huge ruminants
that have an essential place in the lives of millions of people as a source of milk, meat,
draught power, transportation, and on-farm manure. In terms of content, quality, and
organoleptic qualities, buffalo meat is essentially identical to beef. It also has the benefit of
having less fat, cholesterol, and calories. Buffalo meat is ideal for creating meat products

with additional value since it has excellent processing qualities (Naveena and Kiran, 2014).

From consumers', producers’, and health authorities’ points of view, the safety of
grounded meat is essential as their shelf life gets shortened due to their nutrient-dense
medium for the growth of numerous bacteria (Shan et al., 2009). Numerous research has
been conducted to investigate the antioxidative properties of several crude extracts as well
as commercially available refined extracts of spices and herbs (Naveena et al., 2013). The
essential oils (EOs) and various spice extracts having antimicrobial or antioxidant properties
are outstanding alternatives to chemical preservatives such as BHT, which satisfies
consumer demands for minimally processed meat products (Pajohi et al., 2011). Many
communities have long utilized various spices as preservatives and to improve the flavor and

aroma of food (Gupta and Ravishankar, 2005).

Since ancient times, people have utilized garlic (Allium sativum) as a spice and as a home

medicine. Numerous studies have demonstrated the antimicrobial effects of garlic essential



oil in various media against common infections (Ross et al., 2001). Along with garlic, ginger
(Zingiber officinale) is a common Asian spice. The antibacterial properties of ginger have
been studied by numerous researchers (Ji et al., 1997). Another spice is turmeric (Curcuma
longa), which belongs to the Zingiberaceae family. In contrast to foodborne pathogens,
turmeric extract was proven to have antibacterial activity against a variety of pathogens,
including clinical human infections (Ammon and Wahl, 1991).

1.2 Statement of the problem

In fast food restaurants, it is normal for food products such as pre-cooked hamburger patties,
chopped veggies, etc. to be prepared ahead of time and stored at ambient temperature, so
that the server only needs to take a few steps to complete the food service when the customer
arrives (e.g., heating the patty, adding sauce, arranging the dish, etc.) (Hanukov et al., 2019).

Protein oxidation is characterized by free radical chain reactions with initiation,
propagation, and termination stages when reactive oxygen species (ROS) are present
(Gardner, 1979). Burger patties are also particularly susceptible to oxidation because
mincing, chopping, cooking, and salting increase the production of ROS, which in turn
intensifies the oxidative processes (Ladikos and Lougovois, 1990). It is becoming more and
more appealing to utilize spice extracts as a source of bioactive substances to improve the
quality and health-related attributes of fresh meat and meat products (Munekata et al., 2020).
But comparative study of the spice extracts incorporated patties were not performed.

Thus, the use of antioxidant rich spices can somehow lower the oxidative effect with better
sensory profile. This will eventually increase the chance of stocking the pre-cooked patties

for longer duration as the shelf life increases (Fernandez-Lépez et al., 2008).

1.3 Objectives

1.3.1 General objective

The general objective was to study the effect of spice extracts on physicochemical quality

and storage stability of buffalo meat patties.
1.3.2 Specific objectives

e To prepare ginger, garlic and turmeric extract incorporated buffalo patties.
2



e To determine cooking loss and emulsion stability during cooking.
e To compare storage stability under refrigerated and vacuum condition.
e To determine antioxidant activity, flavonoid and polyphenol content of ginger,

turmeric and garlic.

1.4 Significance of study

Cooked meat products are commonly packaged for commercial use in a modified
environment or under vacuum, and it is assumed that they will retain their sensory
characteristics throughout extended periods of time in the refrigerator (Chenoll et al., 2007).
Plant phenolics are characteristic components of plant materials and are proof of their
powerful antioxidant activity with wide variety of pharmacological capabilities, such as
anticancer, antioxidant, and platelet aggregation inhibitory actions (Heinonen, 2007).
Antioxidants are essential because polyenoic fatty acids rapidly oxidize and produce free
radicals, which can be hazardous if present in excessive concentrations. Natural antioxidants
are preferred by consumers over synthetic antioxidants, mostly for emotional reasons. Upper
safety limits of natural antioxidants are mostly unknown, but they are much safer than
synthetic antioxidants (Pokorny, 2007). They are used as food, food additives, flavorings, or
to preserve food through their antibacterial characteristics. Many spices contain chemical
elements that have medicinal benefits, such as antimicrobial and antioxidant properties, the
ability to quench singlet oxygen, the ability to stimulate cytochrome and other enzymes, and
the ability to inhibit the growth of cancer cells (Li, 2006a).

1.5 Limitations of the study

e Sensory analysis of the product was not done.

e Shelf life was studied for 30 days only due to time constraints.



Part 11

Literature review

2.1 Patty

Burger patties are regarded as one of the widely consumed foods that have contributed
significantly to the modern diet's emphasis on a nutrient-dense diet. They are a staple of the
ready-to-eat family of foods that are made in restaurants and at home. They are frequently
grilled between two heated plates on industrial hot grills. Then, to avoid bacterial
contamination, the cooked patties are stored frozen for a bit longer period of time (Ozkan et
al., 2004).1t can also be hand-made from comminuted meat emulsion. The homogenized
muscle proteins, fat, water, salt and other non-meat substances were combined to create the

meat emulsion (Ismail et al., 2021).

One of the most often consumed meat items for quick meals, particularly in Arab nations,
are beef burger patties. Beef is the most popular raw meat ingredient that is widely utilized
to make hamburger patties (Abdel-Naeem and Mohamed, 2016). But due to religious taboos,
beef is not consumed in Nepal. It is illegal to even sell beef meat (Burris, 2015). Due to a
rapid decline in quality parameters and microbiological development, burger patties have a
maximum shelf life of 3 days at 4°C (Parafati et al., 2019).

Burger patties that have already been prepared and compressed into discs that are one
centimeter thick are readily available in retail stores in Malaysia. The minced meat, chicken,
or fish paste used to make these pre-made burger patties is combined with other basic
components, including flour, oil, salt, pepper, and a few preservatives. At the retail level,
ready-made burger patties are packaged in units, frequently in parts, and marketed as frozen
goods (Wong et al., 2012).

2.2 Buffalo patty

Meat and meat products are among the most important protein sources in the daily diet
of people. Products from minced meat of buffalo are popular meat products consumed by
millions of people from all over the world. The mincing enhances the formation of reactive
oxygen species; therefore, the minced meat is highly vulnerable to oxidation. Patties may

contain up to 30% fat by weight and retailers usually offer three types of patties, standard,



medium and low fat with a graduating pricing structure with the low-fat product carrying a
premium price. As price per pound increases, drip loss decreases. Although volatile cooking
losses are greater for highest price product than for lowest price product (Sheridan and
Shilton, 2002).

2.2.1 Buffalo meat

Water buffalo is a source of buffalo meat. It is a large bovid, raised for its milk and meat in
many countries including India, Nepal, Pakistan, Bangladesh, Philippines, Italy, Russia,
Czech Republic, Slovakia and Egypt. Buffalo meat is known by various names in different
countries such as buffen or buff in India and Nepal (Ghimire et al., 2022). Indian
subcontinent is a home tract of world buffaloes. Because of low cholesterol and calories,
buffalo meat is considered healthy meat among the red meat. Besides, buffalo meat have
good binding properties and hence is preferred in product manufacturing (Kandeepan et al.,
2009b).

Nepal being agriculture-based country with 65% of people are engaged in it, livestock
still contributes to national GDP. Also, buffalo meat is known for its cheap price (60%
cheaper than mutton) (Neupane et al., 2018). Major attractive features of buffalo meat
includes dark red colour, good marbling, low connective tissue, desirable texture, high
protein, water holding capacity, myofibrillar fragmentation index and emulsifying capacity
(Kandeepan et al., 2013).

Principal components of buffalo meat are proteins with all essential amino acids, fats,
substantial amount of vitamins and minerals with a high degree of bioavailability and water.
Lean buffalo meat has only 2g of fat per 100g and 24g of protein (Kandeepan et al., 2009b).
Buffalo meat is specifically valuable as a source of omega-3 fatty acids, vitamin B12,
vitamin B6, niacin and bioavailable iron besides having appreciable amount of Zn and Se
(Williams, 2007). Apart from the traditional nutrients which are essentially required for the
human body, buffalo meat contains numerous bioactive substances that have been studied
for their potential beneficial effects (Arihara, 2006).



2.2.2 Soyabean flour as binder

Binders are protein-rich agents that change water-binding properties, which help bind
together different materials in ground meat products. The binders effectively reduce
shrinkage during cooking. It is used to enhance the binding of the meat and fat, enhancing
the retention of fat and moisture. The organoleptic characteristics of the product significantly
enhance with the application of binder. Binders have a macromolecular structure that allows
them to catch huge volumes of water generated during heat processing to stop exudation and

build matrices to hold onto nutrients and fragrance (Singh et al., 2008).

Soybean is a widely used, inexpensive and nutritional source of dietary protein. Its protein
content (40%) is higher and more economical than that of beef (19%), chicken (20%), fish
(18%) and groundnut (23%). The distinctive functional properties of soy protein as meat
extenders and functional additives are the main reason for its expanding use in meat
products. Generally, the term "meat extender" refers to non-meat proteins (often derived
from plants) used in meat products to enhance consistency, emulsifying ability, and water

holding capacity (Etiosa et al., 2017).
2.2.3 Fat

Fat plays critical functional and sensory roles in meat products. It is involved in the
development of flavor compounds and in the perception of tenderness, juiciness and
mouthfeel (Berry, 1992). In order to prepare a stable meat emulsion, fat plays a crucial role.
Cellular disruption to free the fat, smaller fat globules for optimal stability, and enough
solubilized protein to cover the fat surface area (interfacial adsorption) are crucial factors.
(Hoogenkamp, 2011). However, recent studies have linked high dietary intake of meat and
saturated fat with various health problems, such as coronary heart disease, obesity and
diabetes (Webb and O’neill, 2008). Also, lipids are one of the most chemically unstable food
components and readily undergo oxidative reactions which are responsible for loss of quality

and nutritional value of meat and meat products (Faustman et al., 2010).

Pipek et al. (2012) concluded that pork fat (lard) contains more than 60% unsaturated
fatty acids and 10% to 16% PUFA using both Gas Chromatography and lodine value. Double
bond present in unsaturated fatty acids, subjected to autoxidation forms free radical followed

by the formation of hydroperoxide(Morris, 1954). It is an intermediate of autoxidative
6



rancidity and may cause several health disorders like UV-induced skin cancer,
neurodegeneration, atherosclerosis, etc. (Girotti, 1998).

2.2.4 Spices

Spices, non-leafy flavoring part, are used worldwide. Not only for flavor but also for
medicine, stimulants and disinfectants too. Asia is often called 'Land of Spices' where ginger,
turmeric, garlic and other 70 more species of spices are grown (Chomchalow, 1996).

The demand for medical herbs, spices, and the products made from them has grown over
the past ten years for a range of uses, including herbal medicine, food flavorings, and
cosmetics in the forms of tea, pill, capsule, tincture, cream, syrup, and liquid. Many spices
contain chemical elements that have medicinal benefits, such as antimicrobial and
antioxidant properties, the ability to quench singlet oxygen, the ability to stimulate
cytochrome and other enzymes, and the ability to inhibit the growth of cancer cells (Li,
2006b).

Spices with their historical applications contains phytochemicals with their potential
medical benefits. There have been reports of large number of bioactive substances, including
polyphenols, quinines, organosulfur compounds, flavonoids, alkaloids, polypeptides, etc.,
that have a variety of pharmacological effects. Specifically, the antibacterial, anti-
inflammatory, antioxidant, antidiabetic, anti-hyperlipidemic, hepatoprotective, and
antipyretic properties of spices were investigated in spices (Khanal et al., 2021) .

2.2.4.1 Ginger

Ginger (Zingiber officinale), originated from South East Asia, then cultivated in Ancient
China and India and then to Europe countries. It is an underground rhizome which can be
used in various forms like Whole rhizome, Ground rhizome, Ginger candy, Ginger oil,
Ginger extract, etc. (Chomchalow, 1996). It is indispensable ingredient due to its refreshing
pleasant aroma and carminative property. The functionally significant components of ginger
are primarily its aroma and secondarily its pungency. The primary flavoring constituents of
the oil include cineol, borneol, geraniol, linalool and farnasene (Vasala, 2012).



Ginger has been used as a spice and as natural additives for more than 2000 years (Bartley
and Jacobs, 2000). Also, ginger has many medicinal properties. Studies have shown that, the
long term dietary intake of ginger has hypoglycemic and hypolipidemic effect (Ahmed and
Sharma, 1997). Ginger has been identified as an herbal medicinal product with
pharmacological effect. Ginger suppresses prostaglandin synthesis through inhibition of
cyclooxygenase- 1 and cyclooxygenase- 2. In traditional Chinese and Indian medicine,
ginger has been used to treat a wide range of ailments including stomach aches, diarrhea,

nausea, asthma, respiratory disorders (Grzanna et al., 2005).
2.2.4.2 Garlic

Allium sativum, commonly known as garlic, is a species of the onion family Alliaceae
(Saravanan et al., 2010). The native land of garlic is Central Asia (Jancic and Lakusic, 2002).
There are a number of beliefs about the exact origin of garlic, such as that it comes from
western China, around the Tien Shan mountains, to Kazakhstan and Kyrgyzstan. The
Sumerians (2600-2100 BC) actively used the healing properties of garlic and are believed to
have brought garlic to China, from where it later spread to Japan and Korea. The spread of
garlic probably took place first in the Old World and then in the New World. Even so, some

historians still claim that garlic originated in China (Petrovska and Cekovska, 2010).

Garlic consists of very robust organosulfur compounds that function secondary
metabolites as defined in the segment entitled chemistry and pharmacology. These
compounds are responsible for the very pungent odor and flavor of uncooked garlic (Alam
et al., 2016). Fresh garlic contains alliin, allicin and essential oils, when the garlic clove is
crushed, the odorless compound alliin is converted to allicin through the enzyme alliinase.
Allicin gives garlic its characteristic pungent odor (Williamson and Wren, 2003). It also
contains vitamins, minerals and trace elements. Garlic, on the other hand, is a herbal
medicine that is used to prevent and treat many illnesses such as cold and flu symptoms by
strengthening the immune system and it has anticancer, antioxidant, anti-inflammatory,
antimicrobial, antithrombotic, hypocholesterolemia properties, hypoglycemic agents. and 35
hypotensive effects. And it is used to treat diabetes, atherosclerosis, hyperlipidemia,
thrombosis, and high blood pressure. It is also effective against strokes, gastrointestinal

neoplasms, blood clots (platelet aggregation inhibitors), etc. (Divya et al., 2017).



2.2.4.3 Turmeric

Curcuma longa, commonly known as turmeric, is a tropical perennial monocotyledonous
herbaceous plant widely used and cultivated in South and South-eastern Asia (Nwaekpe et
al., 2015). It belongs to the Family Zingiberaceae. The term longa refers to the elongated
shape of the rhizome, where turmeric is derived from the rhizome of the plant having a
characteristic orange-yellow color (Prasad and Aggarwal, 2011). Turmeric contains coloring
pigment, curcumin which imparts yellow color to turmeric and possesses potent antioxidant
activity (Debjit Bhowmik et al., 2009).

The main bio-active principles of turmeric, the curcuminoids, can be used as anti-
inflammatory, anti-oxidant, hypercholesteremic, choleretic, antimicrobial, insect repellent,
anti-rheumatic, antivenomous, antiviral, antidiabetic, anti-hepatotoxic, anti-cancerous and
anti- helminthic (Singh et al., 2011). Curcuminoids are yellow components comprising of
curcumin (96%), desmethoxycurcumin (6%), and bisdesmethoxycurcumin (0.3%) while the
volatile oil composes of a number of monoterpenes and sesquiterpenes including
zingiberene, curcumene, o- and B-turmerones (Charoenchai et al., 2020). Curcumin (1,7-
bis(4-hydrox- y-3-methoxyphenyl)-1,6-heptadiene-3,5-dione) is the major active compound
with an amount of 2—6% by weight in the rhizome and essential oil comprise of 5.8% (Yadav
etal., 2013).

2.3 Physicochemical attributes

2.3.1 Cooking loss

Cooking loss measures the ability of system to bind water and fat after protein denaturation
and aggregation (Marchetti and Andrés, 2021). During cooking, material is lost from the
meat emulsion. This loss is in the form of vapor, which is almost entirely steam and drip.
The mass loss as vapor is independent of patty constituents and depends only on the
temperature of heat source. Loss of fluids diminishes the sensory outcome of the cooking
process, reduces the weight of the product and will give rise to shrinkage. This may also
reduce the acceptability to the consumer and perhaps its consequent sale value (Sheridan and
Shilton, 2002).



2.3.2 Emulsion stability

Meat batters, considered as oil-in-water emulsion are heterogeneous composite materials
composed of protein-coated fat globules (oil droplets) dispersed in myofibrillar protein gel
matrix (Dickinson, 2012). In emulsified meat products, following thermal processing, the
dispersed emulsion droplets set in as active filler particles (Theno and Schmidt, 1978). The
batter stability and product texture in emulsion-based meat products depend on various
factors such as the nature and amount of the lean, fats/oils, added water, additives, other non-
meat ingredients used, processing methods, etc. Barbut (1995) reviewed the importance of
emulsion theory and physical entrapment theory in meat batter stability which emphasized
the importance of fat emulsification and protein matrix in binding the fat respectively. The
amount of soluble protein used, the speed of mixing, the final temperature of the emulsion,
and the amount of oil initially added, each influence the emulsifying capacity of the soluble
protein (Pankey et al., 1965).

2.3.3 Water holding capacity

During meat processing, one common problem is water loss, which is frequently expressed
as drip loss, expressible water, cook loss, and cooling loss depending upon the stage during
processing in which it was measured (Grau, 1956). The ability of meat or meat products to
hold all or part of its own and/or added water is called Water holding capacity (WHC). This
ability depends on the method of handling and the state of the system. As the state of meat
and its treatment differ considerably the meaning of WHC varies to a large extent (Honikel,
2004). Obviously, any loss of water reduces the weight of the product, which implies
financial loss. It also has a great impact on quality attributes such as juiciness and tenderness
(Bertram et al., 2000).

According to Guerra et al. (2011), WHC increases with increase in fat percentage up to
30% in goat mortadella with pork fat which was due to the increased availability of free

molecules or radicals to make links with protein or water. (Glaser et al., 2004).

A number of intrinsic and extrinsic factors affect the WHC of meat and meat products.
Among the intrinsic factors, genotype and feeding of animals are the most important ones,
which affect muscle characteristics directly. For the extrinsic factors, treatments prior to

slaughter such as fasting, epinephrine injection, and stunning, may also affect WHC of meat.
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Such treatments are likely to influence WHC through stress, which decreases muscular
glycogen reserves, a process which may lead to high ultimate pH and low water content of
meat (Micklander et al., 2005). Also, post-slaughter treatments like chilling, ageing,
injecting nonmeat ingredients, as well as tumbling have been shown to affect the WHC of
meat (Schéfer et al., 2002).

2.4 Lipid oxidation in meat

Lipids are one of the most chemically unstable food components that participate in oxidative
reactions induced by several factors through quite complex mechanisms (Min and Ahn,
2005). Major cause of deterioration of fatty tissues in meat is due to lipid oxidation. It is a
spontaneous and inevitable process that directly affects meat commercial value and products
(de Lima Junior et al., 2013). Lipid oxidation can be defined as a chain reaction of free
radicals that consists of three stages: initiation, propagation, and termination. In the course
of the reaction, there is a free radical that reacts with the hydrocarbon chain of the fatty acid
forming peroxides, which, in turn, react with other hydrocarbon chains abstracting
hydrogens originating hydroperoxides. The carbon chain, from which the hydrogens have

been abstracted, will act as new peroxide, perpetuating the cycle (Estévez, 2015).

Natural components found in muscle tissue such as iron, myoglobin (Mb), hydrogen
peroxide (H202) and ascorbic acid can cause lipid oxidation, acting as catalysts or promoting
the formation of reactive oxygen species (ROS). Oxidative reactions can also be initiated by
physical factors such as radiation and light. Therefore, in biological systems, lipids undergo
oxidation via three main reactions: photo-oxidation, enzymatic oxidation, and autoxidation
(Wojciak and Dolatowski, 2012).

Free radicals are highly reactive species that have one or more free electrons, which can
exist independently for a short period. Some examples of these reactive oxygen molecules
are: hydroxyl radical (HOe), organic compound oxygen radicals, peroxyl (ROOe) and
alkoxyl (ROe) radicals, superoxide radical (O2), its radical conjugate hydroperoxide acid
(HO+,) and singlet oxygen (O%;). These reactive oxygen molecules can be produced
intentionally or accidentally. In biological systems, they are produced during the normal
aerobic metabolism. Mitochondria consume molecular oxygen reducing it by sequential

steps to produce ATP and H,0. During this process, Oz, H,0O2, HOs are formed as unwanted
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by-products. Meanwhile, the cells that protect the body (phagocytes) deliberately generate
0%, and H20; to inactivate bacteria and viruses (de Lima Jinior et al., 2013).

2.4.1 Antioxidants

Any substance that, when present in a low concentration compared to the concentration of
the substrate, considerably slows down or inhibits the oxidation of an oxidizable substrate is
known as an antioxidant. They may either delay or inhibit the initiation step by reacting with
a lipid radical or inhibit the propagation step by reacting with peroxyl or alkoxyl radicals
(Madhavi et al., 1995).

LOO++AH —-LOOH +A-
LO+«+AH - LOH+A-

The antioxidant free radical may further interfere with chain-propagation reactions by

forming peroxyl antioxidant compounds:
A++LOO -+ — LOOA
A+*+LO*— LOA

The activation energy of the above reaction increases with the increase of the dissociation
energy of AH and L-H bonds. Therefore, the effectiveness of antioxidants increases as the
binding strength of AH decreases (Antolovich et al., 2002). Antioxidants are substances that
generally prevent or delay the onset of rancidity in food products due to the oxidation of
unsaturated fatty acids present in food products. The use of antioxidants extends the shelf
life of foods, minimizes waste and nutrient loss, and expands the range of uses of different
oils/fats (Bhattacharya, 2003).

2.4.1.1 Butylated hydroxytoluene (BHT)

BHT is a synthetic antioxidant that has been a widely used fat-soluble food preservative
since 1947, with extensive biological activities. It prevents deterioration by reacting with
oxygen, delays development of off-flavors, odors, and color changes caused by oxidation. It
protects against animal agonistic radiation and the acute toxicity of various xenobiotics and
mutagens. It is a mixture of two isomeric organic compounds, 2-tert-butyl-4-hydroxyanisole

and 3-tert-butyl-4-hydroxyanisole.
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BHT prevents spoilage of foods to which it is added. BHT has become very popular
among food processors and is now used in a wide variety of products including breakfast
cereals, gum, dried potato flakes, fortified rice, French fries, candy, sausage, freeze-dried
meat and other foods that contain fat and oil (Manandhar, 2018).

CH3 HO H3C CH3

CH;

H4C
H4C

CHs

Fig 2.1 Chemical structure of BHT
Source: Karol et al. (2017)

2.4.1.2 Natural antioxidant

Natural antioxidants are extracted from medicinal plants and are widely used in foods. These
natural antioxidants, particularly polyphenols and carotenoids, have a wide range of
biological effects, including anti-inflammatory, anti-aging, anti-atherosclerosis, and anti-
cancer. Effective extraction and proper evaluation of antioxidants from foods and medicinal
plants are critical to explore the potential sources of antioxidants and promoting their use in
functional foods, pharmaceuticals, and food additives. (Xu et al., 2017).

Natural antioxidants can be used in a number of applications even when no choice is left
due to company guidelines or food laws and public interest groups. There are many scientific
evidences that support the use of natural antioxidants. The antioxidant activity from natural
sources has been demonstrated in spices (Chang et al., 1977); Spice extracts and vegetable
proteins and their hydrolysates (Manandhar, 2018). The most commonly used natural
antioxidants are not exactly natural, but are identical to nature. This means that their structure
is identical to that of natural products, but that they were produced synthetically. Like other
synthetic antioxidants, they are supplied in a relatively pure state. Tocopherol, Ascorbic

Acid, and Citric Acid belong to this group. From the point of view of preparation for use,
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they can be viewed as pure synthetic substances that do not require any pre-treatment
(Pokorny and Korczak, 2001).

2.5 DPPH radical scavenging assay

DPPH assay measures the ability of a substance to scavenge the DPPH radical, reducing it
to hydrazine. When a substance that acts as a donor of hydrogen atoms is added to a solution
of DPPH, hydrazine is obtained, with a change in color from violet to pale yellow (Formagio
et al.,, 2014). The DPPH- test is based on the ability of the stable 2, 2-diphenyll-
picrylhydrazyl free radical to react with hydrogen donors. The DPPHe radical displays an
intense UV-VIS absorption spectrum. In this test, a solution of radical is decolorized after
reduction with an antioxidant (AH) or a radical (Re) in accordance with the following

scheme:
DPPHe + AH — DPPHe - H + A-
DPPH+ + R — DPPH- - R

The DPPH- radical is one of the few stable organic nitrogen radicals, which bears a deep
purple color. It is commercially available and does not have to be generated before assay.
This assay is based on the measurement of the reducing ability of antioxidants toward
DPPHe. The DPPH assay is considered to be mainly based on an electron transfer (ET)
reaction, and hydrogen-atom abstraction is a marginal reaction pathway. The test is simple
and rapid and needs only a UV-vis spectrophotometer to perform, which probably explains

its widespread use in antioxidant screening (Prior et al., 2005; Sochor et al., 2010).

2.5.1 1C% (Inhibitory concentration)

In comparing endogenous and exogenous antagonist inhibitors (i.e., small molecules, drugs,
or ligands) to a single enzyme, the concept of the half maximal inhibitory concentration
(1C%) is extensively used in the pharmaceutical world as a measure of the effectiveness in
inhibiting biological or biochemical functions. The 1C%° value indicates the concentration of
the inhibitor which is required to inhibit a given biological or biochemical function by half.
In other words, large IC* values denote inhibitors that interact less effectively with an

enzyme than inhibitors that have small 1C* values (Neubig et al., 2003).
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Different mathematical modeling techniques of the raw data (i.e., rate of production of
product or velocity) will have a significant effect on the 1C>° values. The most
mathematically accurate manner to fit the raw data is to perform a nonlinear regression
analysis (Cornish-Bowden, 1995). It is obvious that the results are dependent upon the

correct model being chosen to emulate the experimental data (Segel, 1975).

Sample size that can lower the initial absorbance of DPPH solution by 50% (EC>° or IC*)
is chosen as the endpoint for measuring antioxidant activity. This change is compared with
changed induced by ascorbic acid equivalent. Lower 1C®, higher the antioxidant activity.
Extract with 1C®° values in the range 10-50ug/ml can be considered to exhibit strong
antioxidant activity. Extract with 1C* values in the range 50-100ug/ml and > 100pg/ml can
be considered possessing intermediate and weak in antioxidant activity respectively
(Phongpaichit et al., 2007).

2.6 Phytochemicals

As the prefix "Phyto" in the name implies, phytochemicals are those chemicals which are
produced only by plants. It consists of a large class of natural non-nutritive, biologically
active compounds found in plants. Phytochemicals are constitutive metabolites that enable
plants to overcome temporary or continuous threats integral to their environment, while also
controlling essential functions of growth and reproduction (Molyneux et al., 2007). They
serve as defensive barrier against bacteria, fungi and viruses and also provide unique color,
aroma and taste to the host plant (Ramanthan et al., 1989). Phytochemicals give hot pepper
the burning sensation, onions and garlic the pungent flavor and tomatoes their red color
(Lesschaeve and Noble, 2005). Some other good food sources of phytochemicals are
cabbage, lettuce, tomatoes, carrots, watermelon, mangoes, papaya, grapes, oranges, apples,

cashew apples and nuts, mustard, pears, oats (Obeta, 2015).

Various types of phytochemicals are known and still new compounds are in the process
of discovery (Rowland, 1999). Some of the known and important phytochemicals are
alkaloids, saponins, flavonoids, tannins, polyphenols, steroids, terpenoids, etc. They not only
protect the host plant but also have various physiological benefits to consumers such as
cancer prevention, antibacterial, antifungal, antioxidant, hormone action, enzyme

stimulation, etc. (Doss and Anand, 2012). According to Birt (2006), phytochemicals work
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in synergy and their effects when served together are stronger than the sum of the effects of

parts served separately.
2.6.1 Polyphenols

Polyphenols are a family of natural compounds widely distributed in the outer layers of plant
that have protective function in the plants. It includes more than 8,000 compounds (Manach
et al., 2004). They range from simple molecules such as phenolic acids to highly polymeric
compounds such as tannins. Phenolic acid represents about one-third of the total amount of
polyphenols in the human diet. These compounds have the ability to reduce free radicals,
catalyze metal chelating; activating antioxidant enzymes, reducing a-tocopherol radicals and
inhibiting oxidation (Oboh, 2006). They also contribute to unique taste, flavor, and health
promoting properties (Ali and Neda, 2011). Polyphenols are the most abundant antioxidants
in the diet and are widespread constituents of fruits, vegetables, cereals, dry legumes,

chocolate, and beverages, such as tea, coffee, or wine (Scalbert et al., 2005).

Phenolic compounds are good electron donors because their hydroxyl groups can directly
contribute to antioxidant action. According to various literature, phenolic compounds exhibit
free radical inhibition, peroxide decomposition, metal inactivation or oxygen scavenging in
biological systems and prevent oxidative disease burden (Babbar et al., 2015). Structurally,
they contain aromatic ring containing one or more hydroxyl groups (O’connell and Fox,
2001). The antioxidant capacity of polyphenols in any diet is much higher than the combined
antioxidant effect of beta-carotene, vitamins A and E in the same diet (Gul¢in et al., 2004).
The total intake of polyphenols in a person’s diet is 1 gram per day, and the most common
combined dietary intake of f-carotene, vitamin C and vitamin E is about 100 mg per day
(King and Young, 1999).

2.6.1.1 Significance of phenolic compound
Phenolic compounds play various role in plants, few of which can be listed below:

1. As antioxidant compounds: The primary and most important function of phenol is as an
antioxidant. They act as free radical scavengers, which are formed as a result of excessive
UV radiation.
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2. As structural polymers: Lignin is the most important and widely distributed phenolic
compound that serves as a plant structural unit.

3. As defensive compounds: Plants develop an astringent taste due to the presence of
tannins. Tannins interact with and precipitate proteins, resulting in the bitter taste of
plants. As a result, in the majority of cases, they act as a feed deterrent.

4. As signal molecules: Phenolic compounds serve as signal molecules in many
biochemical metabolic pathways. In the salicylic acid pathway, for example, methyl
salicylate (a phenolic compound) acts as a signaling compound. Dehydrodiconiferyl
alcohol glucosidase has also been identified as a phenolic signaling compound.

5. As pollinator attractants: Simple phenolic acids with low molecular weight are
responsible for flower aroma and attractive coloration, which attract pollinators.

6. As a UV screen: The phenolics present in the plant cuticle play an important role in
reducing the amount of UV radiation that reaches the earth through the ozone layer.

Source: Manandhar (2018)

2.6.2 Flavonoids

Flavonoids are a large family of hydroxylated polyphenolic compounds having a benzo-y-
pyrone structure and are present in plants (Kumar and Pandey, 2013; Pande, 2019). Some of
the most widely studied of these compounds include flavanols, quercetin, anthocyanin,
myricetin and kaempferol. It is estimated that even in an industrial society, the intake of
flavonoid may be as high as 1 gram per day (Gee and Johnson, 2001). Flavonoid polymer is
also called pro-anthocyanidin. Flavonoids exist as secondary plant metabolites and acts as
pigmentation agents, antioxidants, antibacterial agents, anti-stress agents and UV protectants
(Vaya and Aviram, 2001). So far, more than 4000 flavonoids have been described, of which
many are found in plant parts commonly eaten by humans (Ghasemzadeh et al., 2010).
Antioxidant activity of flavonoids is believed to be due to their ability to act as free radical
acceptor and to complex metal ions (Hertog et al., 1992). They are biologically active against

liver toxins, tumors, viruses and other microbes, allergies and inflammation (De et al., 1999).
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Table 2.1: Some important flavonoids and their functions

S.N. Flavonoids Functions

1 Hesperidin Raises blood level of the “good cholesterol and
lowers blood level of the “bad” cholesterol
Prevents inflammation and relieves pains
Can prevent incidence of head and neck cancers

2 Quercetin Protects the lungs from harmful effects of
pollutants and cigarette smoke

3 Tangeretin Induces cell death in cancer cells (Leukemia)
but promotes the life of normal healthy cells

4 Resveratrol May reduce the risks of heart diseases, stroke
and blood clots.

5 Flavanols (Anthocyanins) Act as potent antioxidant
Helps to improve balanced coordination and
short- term memory in the elderly

6 Anthocyanins Helps to prevent urinary tract infection.

2.6.2.1 Biological activity of flavonoids

Source: Hertog et al. (1992)

Flavonoids have recently attracted people's attention due to their extensive biological and

pharmacological activities. According to reports, they have a variety of biological properties,

including antibacterial, cytotoxic, anti-inflammatory and anti-tumor activities, but the best

descriptive property of almost every group of flavonoids is their ability to act as powerful

antioxidants, protecting the human body from foreign materials (Ramos, 2008). The ability

of flavonoids as antioxidants depends on their molecular structure such that the position and

other characteristics of the hydroxyl group in the chemical structure of flavonoids are
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important for their antioxidant and free radical scavenging activities (Heim et al., 2002). The
B ring hydroxyl configuration is the most significant determinant of scavenging of ROS
(Reactive Oxygen Species) and RNS (Reactive Nitrogen Species) because it donates
hydrogen and an electron to hydroxyl, peroxyl, and peroxy-nitrite radicals, stabilizing them

and giving rise to a relatively stable flavonoids radical (Kumari and Jain, 2015).
2.6.2.2 Significance of flavonoids
The actions done by flavonoids may include:

1.  Suppression of ROS formation either by inhibition of enzymes, namely H. Microsomal
monooxygenase, glutathione transferase, mitochondrial succinate oxidase, NADH
oxidase, etc. or by chelating trace elements involved in free radical generation

2. Scavenging ROS

3. Regulation or protection of antioxidant defenses.

Some of the effects mediated by them may be the combined result of free radical
scavenging activity and interaction with enzyme functions (Lewandowska et al., 2016).

2.7 Storage stability

Consumers are continuously expecting new and high-quality food products that remain in
good quality with their corresponding sensory and nutritional properties during the period
between of their purchase and consumption. Manufactures have different methods to predict
and calculate the end point of storage life under a given set of storage conditions. Criteria
based on the measured numbers of spoilage and pathogenic microorganisms and their growth
pattern are capable of relatively clear definition. Non-microbiological criteria are more
difficult to define, although criteria based on well-defined chemical composition, such as
pH, peroxide value, acid value, vitamin content, are addressable (Kilcast and Subramaniam,
2000).

2.7.1 Peroxide value

Peroxide serves as a useful indicator for the degree of oxidation of lipids, fats, and oils. The
peroxide value shows the extinct of peroxidation and measures the amount of total peroxides

in the substance (Kouba and Mourot, 2011). The double bonds found in fats and oils play a
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role in autoxidation. Oils with a high degree of unsaturation are most susceptible to
autoxidation. The best test for autoxidation (oxidative rancidity) is determination of the
peroxide value. Peroxides are intermediates in the autoxidation reaction. Autoxidation is a
free radical reaction involving oxygen that leads to deterioration of fats and oils which form
off-flavors and off-odors. Peroxide value, concentration of peroxide in an oil or fat, is useful
for assessing the extent to which spoilage has advanced (Chakrabarty, 2003).

2.7.2 Microbial spoilage

Usually, meat gets contaminated because of improper handling, open transportation practice,
unhygienic cutting tools, and can cause various food—borne illnesses (Koirala et al., 2020).
The shelf-life of products is strongly related to their deterioration, creating a line between an
acceptable and unacceptable bacterial concentration, which determines off-odors, off-
flavors, and an undesirable appearance. These sensorial changes are related to the number
and type of microorganisms that are initially present, as well as their subsequent growth (Ray
and Bhunia, 2001). The total viable count and coliform count of ready to eat meat products
should not be >107 cfu/g (FSSAI) and >100 cfu/g (ICMSF), respectively (Ockerman and
Pellegrino, 1988)

There may be variation in microbiological level due to sanitation, processing, storage,
moisture and temperature conditions. The large number of thermophilic bacteria remaining
in the product after processing would not be expected to increase during storage of the 16%
moisture product, but may become inoculums when mixed with other foods of higher

moisture content (Ockerman and Pellegrino, 1988).
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Part 111

Materials and methods
3.1 Materials
3.1.1 Raw materials
Deboned round muscle meat of buffalo and other ingredients such as soyabean flour, sugar,
salt, pork fat, monosodium glutamate (MSG), white pepper powder, garlic powder, nutmeg,

ginger and turmeric powder were purchased from the local market of Dharan sub-

metropolitan city, Sunsari, Nepal.
3.1.2 Chemical and apparatus required

All the chemicals, laboratory glassware and equipment used for study were lab grade quality
and collected form CCT laboratory. The major apparatus and chemicals required are listed

in Appendix A.

3.2 Methods

3.2.1 Preparation of spice powder

Ginger were washed, peeled, cut into small pieces and are dried on cabinet dryer at 60°C
until moisture content is less than 10%. After drying, ginger cuts were crushed into powder
for extraction. Turmeric powder and Garlic powder were brought and subjected for

extraction.



3.2.2 Ethanolic extraction of Spice

The extraction was carried out according to the method described by Fatope et al. (1993)

with slight modifications:

20g powdered spice 400ml 97% ethanol

|

Mixed in a beaker and covered with aluminum foil

|

Shaked with a shaker for 6h

|

Filtration — Suspensions removed

|

Concentration of filtrate using rotary evaporator machine (40°C, 140 rpm)

|

Spice extract (labelled and stores at 4°C)

Fig 3.1: Preparation of ethanolic extract of spice

Source: Fatope et al. (1993)
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Table 3.1: Formulation of experimental buffalo meat patties (% weights)

Treatment

Ingredients (%)

T1 T2 T3 T4 T5
Round muscle 65 65 65 65 65
Pork fat 10 10 10 10 10
Binder (Soyabean 7 7 7 7 7
flour)
Water/ice 10 10 10 10 10
Sugar (powder) 1 1 1 1 1
Salt 2 2 2 2 2
*Spices 3.5 3.5 3.5 3.5 3.5
Monosodium 1.5 1.5 1.5 1.5 15
glutamate
Garlic extract - 0.05 - - -
Ginger extract - - 0.05 - -
Turmeric extract - - - 0.05 -
BHT - - - - 0.05
Total 100 100 100 100 100

*Spices= 50% white pepper powder + 30% garlic powder + 20% powdered nutmeg

Source: Moretto et al. (2020)
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Process flow diagram
Buffalo meat (round)
Preliminary preparation (deskinning, trimming, deboning)
Mincing (3-4mm plate)

Chopping (addition of Meat, minced fat, ice water, spice and extracts) at 15°C for 20min,
addition of extracts at 0.05%

Emulsion mass
Shaping raw patty using petri dish, 50g each mass
Cooking at 180°C in oven to final core temperature of 72°C (preheat oven for 10min)
Conditioning of patty at room temperature
Chilling at 2°C
Weigh and vacuum packaging
Store at -4°C
Further analysis
Fig 3.2: Preparation of buffalo meat patty
Source: Moretto et al. (2020)
3.2.3 Physicochemical analysis
3.2.3.1 Emulsion stability

The emulsion stability of meat batter was determined by assessing water and lipid loss using
method given by Choi et al. (2009) with slight modifications. Absorbent cotton was placed
at the bottom of a tube to absorb water and oil loss from the meat batter during cooking.
Batter (3+0.5g) was stuffed onto the mesh. The tube was loosely closed to avoid the possible

effect of vapor pressure, then cooked to a core temperature of 73°C for 60s using water bath
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at 85°C. Subsequently, the tube was cooled to room temperature (20£2°C) for 12 h. The
weight of cotton- absorbing water and lipid loss were then determined. To determine the
water content, cotton was dried in a drying oven at 105°C for 3hr. The water and lipid loss

from the batter was calculated as percentage using the following equations:

A-C
X
Weight of batter (g)

Water loss (%)= 100

A-B

L. . 1 0/ \—=
ipid loss (%) Weight of batter (g)

x100-water loss (%)

Where, A is the weight of the cotton after cooking, B is the weight of cotton before cooking

and C is the weight of cotton after drying
3.2.3.2 Determination of cooking loss

For determination of cooking loss, a meat sample of 1 cm?® was cut from different areas of
round meat of buffalo. After weighing, the sample was heat treated in a water bath at 85°C
for 10 min resulting in a core temperature of approximately 75°C. Subsequently the meat
sample was lightly dabbed and weighed after cooking. The cooking loss was calculated

according to Bertram et al. (2003) as:
) a-b
% Cooking loss= - x100

Where, a = Weight of meat sample before cooking and b = Weight of meat sample after

cooking
3.2.3.3 Procedure for WHC determination

300mg of cooked meat was weighed on Whatman no. 1 filter paper and covered with another
filter paper and pressed between two Plexiglas plates and left for 5 min. The sample was
then oven dried at 65°C for 48h to determine for moisture content. The amount of water
released from the sample was measured indirectly by measuring the area of the filter paper

wetted relative to the area of pressed sample (Grau and Ludorff, 1944).

WHC (Am) 100
=|—]] X
A

t
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Where, Am = Area of meat sample (cm?) and A; = Total area covered by meat sample and

water released from meat (cm?)
3.2.34 pH

10gm meat sample was taken and 90ml of distilled water was added, it was grinded and
mixed to make homogeneous solution. After calibrating pH meter with buffer of pH 4 and
pH 7, pH of sample was measured and recorded after stable reading appeared in pH meter
(Korkeala et al., 1986).

3.2.4 Extraction of phytochemicals for analysis

The extraction was performed in 15ml test tube by adding 5ml of methanol to 0.25g of patty
sample and vigorously agitated in a vortex mixer for 20min at room temperature. Afterwards
the mixture was centrifuged at 3000rpm for 10min to separate the supernatant from the solid
residuals. Two more washing were done by resuspending the residue in 5ml methanol and
centrifuging for 3min (for additional washing). The methanol extracts were pooled and
filtered through Buchner funnel with fritted glass (16-40um pore size) and volume made up
in 256ml graduated measuring cylinder with methanol. The extracts were used for the
determination of TPC, TFC and DPPH radicals scavenging activity (Khajehei et al., 2018).

3.2.4.1 Total phenolic content (TPC)
3.2.4.1.1 Preparation of gallic acid (3,5,7-trihydroxybenzoic acid) standard

Gallic acid stock (100ml) was prepared according to the guideline given by (Waterhouse,
2005) in 10% ethanolic distilled water to give gallic acid concentration 5g/L (0.5%). Gallic
acid was first dissolved in 10ml of ethanol before adding water to make 100ml. This was
thought necessary because gallic acid is more soluble in ethanol compared to that of water
(Daneshfar et al., 2008).

3.2.4.1.2 Preparation of reaction mixture

Before preparing reaction of standard, it is usual to prepare appropriate dilutions separately
so that same volume (for example, 1ml) of standard can be used in the final mixture.

Alternatively, a back calculation can also be performed (without performing separate
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dilutions) so that volume of the stock solution can be varied to get the same amount of
standard in the final mixture. Accordingly, following scheme was used to prepare series
containing 0.25, 0.5, 1.25 and 2.5mg of gallic acid in a constant volume of 50ml. The rows

in the first column also indicate the sequence/order of reagent addition.
3.2.4.1.3 Spectrophotometric determination

First the spectrophotometer was left turned on for stabilization. Spectrophotometric
measurement (absorbance at 765nm) of gallic acid standard and the sample extracts were
carried out after setting the absorbance of the blank to zero. A standard curve was drawn
using a gallic acid solution as the reference standard. TPC was calculated using the
regression line and result expressed as milligram gallic acid equivalent per 100g of dry
weight (mg GAE/100g, dw).

Determination of total polyphenol content (TPC)

Folin-Ciocalteu reagent (1ml) Extract (1 ml) Distilled water (30 ml)

\
!

Mixed and stood for 6 min

!

20% Na2CO3 (7.5 ml)

!

Distilled water (Required amount to make 50ml in volumetric flask)

!

Mixed and stood at room temperature for 2h

Spectrophotometric measurement at 765nm (after setting the absorbance for blank to zero)
Fig 3.3: Flowchart for the determination of total polyphenol content (TPC)

Source: Singleton et al. (1999)
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3.2.4.2 DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging capacity

Briefly, 2ml of the methanolic extract (or the standard) as prepared above was mixed with
2ml of DPPH (0.004%) in methanol, corresponding to 100uM in test tube and incubated at
37°C in dark (wrapped with aluminum foil) for 20min (for completion of reaction) before
spectrophotometric analysis. Absorbance was measured at 517nm for sample as well as the
standard after setting the absorbance to zero for the blank. Ascorbic acid (50uM stock) was
used as the standard, the absorbance data of which were used for drawing the reference curve
for calculating the 1C°° and RSA. The RSA was expressed as mg ascorbic acid equivalent
per 100g dry weight (mg AAE/100g, dw) (Blois, 1958). Detail of amounts of
reagents/standard/extracts used before incubation are given in table below:

Table 3.2: Amount of reagents used for the DPPH assay (for extract analysis)

Distribution in cuvette

Reagent (-) ve Blank 1 Extract

control
DPPH, ml 2 0 2 2 2 2 2
Extract, ml 0 2 0.4 0.8 1.2 1.6 2
Methanol, ml 2 2 1.6 1.2 0.8 0.4 0
Ascorbic acid, ml 0 0 0 0 0 0 0
Total, ml 4 4 4 4 4 4 4

Source: Blois (1958)
3.2.4.2.1 Preparation of ascorbic acid stock solution

8.8mg ascorbic acid was dissolved in 100ml distilled water to give 500uM stock solution

and diluted 10 times (10 ml stock+90ml distilled water) to get a working solution of 50uM.

28



Table 3.3: Amounts of reagents used for the DPPH assay (for standard curve)

Distribution in cuvette

Reagent
Blank 2 (+) ve control/standard

DPPH, ml 0 2 2 2 2
Extract, ml 0 0 0 0 0
Methanol, ml 2 1.5 1 0.5 0
Ascorbic 2 0.5 1 1.5 2
acid, ml

Total, ml 4 4 4 4 4

Source: Blois (1958)

The (-) ve control contains DPPH and solvent only, the (+) ve control contains both ascorbic
acid (in graded concentration) and DPPH, Blank 1 and Blank 2 imply blanks for extract and

ascorbic acid standard respectively.
3.2.4.2.2 Calculation of DPPH radical scavenging capacity

The DPPH radical scavenging activity (RSA) (also termed inhibition ratio, DPPH inhibition)
was calculated using the equation (Kamleshiya et al., 2012):

Ac 'As

RSA (%)= A %100

C

Where, Ac = Absorbance of the negative control (DPPH without sample), As = Absorbance
of the test sample (test sample + DPPH) and A1 = Absorbance of the blank (Sample without
DPPH)

3.2.4.2.3 Determination of DPPH radical scavenging capacity in terms of 1C%

According to Van De Velde et al. (2013), a series of dilutions of extract were used and

absorbance recorded for 1C® calculation. The 1C®° of ascorbic acid was similarly determined
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and ascorbic acid equivalent antioxidant capacity (AEAC) of the extract was calculated. The
calculation can be done in a computer (using Microsoft Excel). Inhibition ratio (y) were

plotted against the sample concentrations (X) and a regression line was drawn.

The 1C* of ascorbic acid can be easily calculated using the trend line equation by solving

for x after putting the value of y = 50.
3.2.5 Determination of total flavonoid content (TFC)

According to P¢kal and Pyrzynska (2014), 1ml of the methanolic extract was mixed with
0.3ml of NaNOs (3% v/v) and after 5min, 0.5ml of AICl3 (2%, w/v) was added. The sample
was mixed and 6 min later, neutralized with 0.5ml of 1M NaOH solution. The mixture was
left for 10min at room temperature and then absorbance was taken at 510nm against a blank
where the sample was substituted by distilled water. Quercetin prepared in methanol at a

concentration of 100ug/ml was used as the standard.
3.2.5.1 Preparation of standard solution

10mg of quercetin was accurately weighed into a 10ml volumetric flask and dissolved in

10ml methanol and solution was made up to 10ml with same solvent.

1ml of standard or extract solution (20, 40, 60, 80, 100 mg/l) was taken into 10ml
volumetric flask containing 4 ml of distilled water. 0.3 ml of 5% NaNO; added to the flask.
After 5 min, 0.3ml 10% AICI; was added to the mixture. At the 6™ min, 2ml of 1M NaOH
was added and volume made up to 10ml with distilled water. The absorbance was noted at
510 nm using UV-Visible spectrophotometer (Ribarova et al., 2005).

3.2.6 Storage stability study

The finished product was packed in polypropylene (PP) by vacuum packaging machine.
Storage stability of vacuum-packed finished product was conducted for 1 month at -4°C.

3.2.6.1 Peroxide Value

Measurement of peroxide value (PV) was done according to the Sallam et al. (2004). The

PV was calculated and expressed as milli-equivalent peroxide per kg of sample:
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SXNx100

PV(Meqg/kg)= W

Where, S = Volume of titration (ml), N = Normality of sodium thiosulfate solution and W =

Weight of sample (kg).
3.26.2 pH

10gm patty sample was taken and 90ml of distilled water was added, it was grinded and
mixed to make homogeneous solution. After calibrating pH meter, pH was measured and

recorded after stable reading appeared in pH meter (Korkeala et al., 1986).
3.2.6.3 Microbial load evaluation

Microbial analysis was performed and analyzed to know the exact viable count of

microorganisms in the stored patties prepared aseptically.
3.2.6.3.1 Total Plate Count

Determination of total plate count was performed according to the method prescribed by
(Harrigan and McCance, 1976) using plate count agar and distilled water as diluent.

i. 1 ml of sample from 10, 10, 107 and 10 dilution was withdrawn with the help of
sterile pipette and transferred to each sterile petri-plate.

ii. To each plate, 10 ml of molten Plate Count Agar (PCA) at 45°C was added and the
medium and inoculums were mixed immediately by a combination of to-and-fro
shaking and circular movements lasting 5-10 s.

iii. The plates were allowed to set and were incubated at 37°C for 24-48 h.

3.3 Statistical analysis

Experiment was conducted in three replications. ANOVA at 5% level of significance was
carried out on the obtained data using GenStat 12th Edition. Tukey test was used for the post

hoc test. All the referencing of citations was done using Endnote X9 in CDFT format.
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Part IV

Results and discussion

Buffalo meat and various ingredients were brought from Dharan market. Dried ginger
powder, turmeric powder and garlic powder were used in the extraction of phytochemicals.
Effect of phytochemicals on different physicochemical properties (cooking loss, emulsion
stability and WHC) and storage stability of the prepared patties were studied for 1 month at
-4°C. Patties prepared without addition of spice extracts were used as control and addition
of BHT as standard. Also, DPPH radical scavenging capacity, total phenols and total
flavonoids of all spices were calculated. Results and discussion of the overall study are

described in the following headings.

4.1 Chemical analysis of buffalo meat

Chemical analysis was carried out for freshly obtained buffalo meat and the results found
are tabulated in the table 4.1.

Table 4.1 Chemical analysis of buffalo meat

Constituents Value

Moisture content (%) 75.87+0.51
Crude fat (%, wb) 1.64+0.55
Crude protein (%, wb) 21.61+0.62
Total ash (%, wb) 1.32+0.38
pH 5.66+0.13
WHC (%) 12.1+0.45

*Values are means of triplicate with standard deviation.

Values thus obtained were slightly different from the result obtained as per DFTQC (2017)
which were moisture 78.7%, fat 0.9%, protein 19.4% and ash 1%. Value of pH is in normal
range (5.63 to 5.76) according to Rasuli et al. (2021).Water holding capacity (WHC) of



Murrah buffaloes analyzed by Sahoo and Anjaneyulu (2000) was found to be 16.67 % which
is slightly near to the value obtained. Differences in result may be due to different breed,
age, feed and slaughter practices (Conto et al., 2022; Kandeepan et al., 2009a).

4.2  Physicochemical analysis of patty during preparation

Table 4.2: Physicochemical analysis of patties during preparation

Emulsion stability (%)

Ethanolic extract Cooking loss (%)

Water loss Lipid loss
GE 20.24°+0.15 17.64%+0.41 0.322+0.03
GAE 22.75+0.07 20.26°+0.17 1.26"+0.1
TE 21.07°+0.08 19.36°+0.19 1.2°+0.05
BHT 22.08°+0.2 18.38+0.38 1.68°+0.03
Control 25.22°+0.32 19.57°+0.11 2.179+0.04

*Values are the means of triplicate. Different superscript in column represent significant
difference (P<0.05) from each other (Appendix C)

Statistical analysis at 5% level of significance shows that the cooking loss is significantly
different with the treatments. Significantly highest value was obtained for control patties
(25.22°+0.2 %) and lowest was found in ginger extract (GE) incorporated patties
(20.24?£0.15). GE incorporated patties also shows highest emulsion stability with lowest
water loss (17.642+0.41 %) and lowest lipid loss (0.322+0.03 %) among others. The present
findings are in consistent with the study, which reported positive effects of plant ingredients
on reduction of cooking loss in emulsified meat batters (Kamani et al., 2019). Zahid et al.
(2020) found slightly similar cooking loss with the use of artificial antioxidant BHT (19.82
%) . Pawar et al. (2009) also reported that the 5% ginger rhizome extract (GRE) was found
to have significantly (P < 0.05) lower cooking loss at every interval of time period and almost
all the cooking characteristics of the patties were found to be improved in GRE-treated

samples over the untreated one (control).
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4.3 Total polyphenol content

Total polyphenol content of methanolic extracts of patties are shown in Table 4.3. The total
phenol contents of spice extracts incorporated patties were found to be significantly different
(p < 0.05). Gallic acid standard curve was used for the determination of phenol (Appendix
B).

Table 4.3: Total polyphenol content of methanolic extracts of patties

Methanolic extract of patties Total Phenolic content (mg GAE/100g)
GE 757.956°+15.295

GAE 743.998+24.177

TE 618.37°+24.177

*Values are the means of triplicate. Different alphabets in the superscript represent

significant difference (P<0.05) from each other (Appendix C)

Statistical analysis at 5% level of significance shows that the total phenol content is
significantly different with varieties. Significantly highest value was obtained for GE
(757.956° mg GAE/100g) and lowest was found in Turmeric extract (TE) (618.37%+24.177
mg GAE/100g). Offei-Oknye et al. (2015) found that the total phenolic content for oven
dried ginger was 796.46 + 8.16 mg GAE/100g which was somewhat similar to our findings.
Malik (2015) reported phenol content to be 136.82 mg GAE/100g which was slightly lower
than the value obtained. Wojdyto et al. (2007) reported that content of TPC in turmeric
powder was 825.58 mg GAE/100g which is higher than the value obtained. Several studies
reported that the differences in polyphenol content could be attributable to biological factors
(genotype, cultivars), as well as environmental (temperature, salinity, water stress and light
intensity) conditions. Moreover, the extraction of phenolic compounds depends on the type
of solvent used, the degree of polymerization of phenolics, and their interaction (Mamun et
al., 2016).

4.4 Total flavonoid content

The flavonoid content of methanolic extract of patties are shown in Table 4.4:

34



Table 4.4: Total flavonoid content of methanolic extract of patties

Methaniolic extract of patties Total flavonoid content (mg QE/100g)

GE 189.123°+0.61
TE 73.469°
GAE 59.1842

*Values are the means of triplicate. Different alphabets in the superscript represent

significant difference (P<0.05) from each other (Appendix C)

Statistical analysis at 5% level of significance shows that the total flavonoid content is
significantly different with spices. Highest value and lowest value of flavonoid content were
obtained for GE (189.123°t0.61 mg QE/100g) and garlic extract (GAE) (59.184% mg
QE/100g) respectively. Awan et al. (2019) showed similar result of flavonoid (58.45+1.24
mg QE/100g) as the values obtained (59.184% mg QE/100g) for methanolic GAE. Offei-
Oknye et al. (2015) found higher value of flavonoid for ginger (302.18 + 6.12 mg QE/100g).
Total flavonoid content in methanolic extract of processed turmeric was found to be 37.98
mg/100 g of dry extract according to Chavhan (2017) . Mushtaq et al. (2019) also reported
even lower (3.88 £ 0.25 mg QE/100g) flavonoid content in turmeric extract. The differences
in the result may be due to various factors which need to be considered such as extraction,
temperature, extraction time, solid to solvent ratio (Duy et al., 2019).

4.5 DPPH radical scavenging activity

DPPH radical scavenging activity (% RSA) of methanolic extracts of patties are shown
below in the scatter diagram fig. 4.1. Ascorbic acid was used as standard for DPPH standard

curve.
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Fig. 4.1 %RSA of methanolic extracts of patties with varying concentration.

The data points are the mean values of triplicate observations. Error bars represent standard
deviation from the mean. Significance testing results are presented in Appendix C.

Both extracts addition and its concentration had significant effects on antioxidant activity.
The highest value was observed in TE treated patties (14.3045 % at 5 uM and 71.7848 % at
25 uM) whereas the lowest result was found in GAE treated patties (0.9186 % at 5 uM and
24.0157 % at 25 pM).

Statistical analysis at 5% level of significance shows that the DPPH radical scavenging
capacity is significantly different with varieties. Antioxidant activity increases with the
increase in concentration. This result is supported by the result of Zandi and Gordon (1999),
in which old tea leaves extract activity was increasing with concentration in the range 0.02
to 0.25%. Antioxidant activity (%RSA) is in the order of TE>GE>GAE with varying
concentrations which are consistent with the result by Odukoya et al. (2005); Shobana and
Naidu (2000). Offei-Oknye et al. (2015) reported (69.09 + 0.58) % DPPH for oven dried
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ginger. Kumar et al. (2018) observed that turmeric and ginger have more antioxidant activity
than garlic.

IC% of methanolic extracts of patties are shown in Table 4.5. The activity of spices extracts

was found to be significantly different (p < 0.05).

Table 4.5: IC> of methanolic extracts of patties

Methanolic extract of patties IC% (ug/ml)
Garlic 50.8144°
Ginger 25.434P
Turmeric 14.9425%

*Values are the means of triplicate. Different alphabets in the superscript represent

significant difference (P<0.05) from each other (Appendix C)

Statistical analysis at 5% level of significance shows that the total antioxidant content is
significantly different with spices. Lowest amount of antioxidant activity (1C°%) was found
for GAE (50.8144¢ pg/ml) and highest antioxidant activity (IC%) for TE (14.9425% ug/ml).
Kebede et al. (2021) found 23.05 pg/ml to be the lowest 1C° value among turmeric varieties
in Ethiopia and Sabir et al. (2020) found the 1C* value of ethanolic TE to be 27.2 + 1.1
pg/ml which were both slightly higher than our findings. The extracts of Zingiber officinale
and Zingiber ligulatum showed moderate antioxidant activity with 1C>° values of 15.10 +
2.50 and 15.89 + 2.92 pg/ml respectively (Phuaklee et al., 2010), which are lower than the
value obtained (25.434° pg/ml). 1C%° of GAE was found to be 50.8144¢ pg/ml which was
slightly lower than the result (64.033 pg/ml) obtained by (Thampi and Jeyadoss, 2015). This
is due to plant antioxidant activity varies by spices and differences within the same spices
have been discovered depending on the solvent extraction, the physical condition of the

spices (fresh or dried), or environmental factors (Kratchanova et al., 2010).
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4.6 Storage stability

4.6.1 Change in total peroxide value of buff patty over time

In the five samples of buff patty incorporated with 0.05% BHT, GE, GAE, TE and control
(without addition of extracts and BHT), peroxide value was recorded over time. The obtained

values are tabulated in Appendix D. The trend of change in peroxide value is presented in
fig4.2

@ Control ®@Garlic BGinger EBBHT ®Turmeric

PV (Meg/kg)

HHHHHHHHHHHH

18
Time (Days)

Fig 4.2 Change in peroxide value over time for different samples

The data points are the mean values of triplicate observations. Error bars represent standard

deviation from the mean.

At 5% level of significance, there are significant differences between the PV at different
days for 30 days for control, GAE, GE, BHT and TE. Peroxide value increased linearly with
time (Devatkal and Naveena, 2010). At day 30, control sample showed highest peroxide
value (4.892 Meqg/kg) followed by GAE (4.261 Meqg/kg), GE (4.10033 Meqg/kg), BHT
(3.573133 Meg/kg) and TE (3.488667 Meq/kQg) treated patties. Higher antioxidant effect on

peroxide value was observed here. The result obtained was agreed with Disha et al. (2020)
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findings in which the presence of bioactive compounds exert an antioxidant effect may have

caused less increase of peroxide value.

The codex maximum level of acceptability for peroxide value in fatty foods is 10 Meq/kg
(Alimentarius, 1999). Thus, it was confirmed that one month is not enough for lipid to
oxidize in the spice extract incorporated patty at low temperature due to the inhibiting effect
of spices on lipid peroxidation as reported by El-Alim et al. (1999).

4.6.2 Estimation of total plate count of buff patty over time

In the five samples of buff patty incorporated with 0.05% BHT, GE, GAE, TE and control
(without addition of extracts and BHT), total plate count was recorded over time. The
obtained values are tabulated in Appendix E. The trend of change in total plate count is

presented in fig 4.3
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Fig. 4.3 Change in total plate count over time for different samples
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The data points are the mean values of triplicate observations. Error bars represent standard

deviation from the mean.

At 5% level of significance, both sample and the storage time significantly affected TPC
values of ground meat. At day 30, highest and lowest total plate count values were obtained
from Control (7.011+£0.06 log cfu/g) and TE (6.88+0.17 log cfu/g) treated patties
respectively. Only the control sample exceeded 7.0 log cfu/g which is the minimum level for
spoilage as described by Osburn and Keeton (1994) whereas other extract treated were under
the threshold limit .Thus, use of spice extract increases the shelf-life significantly. These
findings were coherent with the result by Kenawi and Petrovic (2012) on spices extract on

stability of frozen buffalo meat product.
4.6.3 Change in pH of buff patty over time

In the five samples of buff patty incorporated with 0.05% BHT, GE, GAE, TE and control,
pH was recorded over time. The obtained values are tabulated in Appendix F. The trend of
change in total plate count is presented in fig 4.4.

B Control EGarlic @Ginger BBHT BTurmeric
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Fig. 4.4 Change in pH over time for different samples
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At 5% level of significance, both sample and the storage time significantly affected pH
values of buffalo patties. pH values were slightly lowered from 6.18 to 5.88, 6.18 to 5.91,
6.18 t0 5.95, 6.19 to 5.9 and 6.16 to 5.92 for control, GAE, GE, BHT and TE treated patties
up to day 30. Increase of free fatty acids over time might be the cause of decrease in the pH
value. Less decrease of pH in treated samples than untreated samples might be due to the
effect of natural antioxidants which retarded the formation of free fatty acids as stated by
Serdaroglu et al. (2018) concluded that the acidity and alkalinity of the raw material
incorporated in the meat product formulation is crucial for ultimate pH value and thereby

functional characteristics of the product.
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Part V

Conclusion and recommendations

5.1 Conclusions

Based on the results and discussion, following conclusions can be drawn:

Ginger extract treated patties were found to have lowest cooking loss and highest
emulsion stability with lowest water and lipid loss.

The phenolic content of spice extract incorporated patties was found to be in the order
as Ginger>Garlic>Turmeric.

The flavonoid content of spice extract incorporated patties was found to be in the
order as Ginger>Turmeric> Garlic.

It was found that turmeric exhibits the highest antioxidant activity followed by ginger
and garlic.

Lipid oxidation in terms of peroxide value was found to be the lowest in turmeric
extract treated meat patties up to one month in refrigerated storage.

Antimicrobial activities were significantly similar to each other with slightly highest
in turmeric followed by ginger, garlic, BHT and control meat patties.

All spice extract treated patties were found to have less decrease in pH than untreated
control sample up to one month with the lowest in ginger followed by turmeric,

garlic, BHT and control.

5.2 Recommendations

1.

Use of ethanolic extracts of ginger, garlic and turmeric significantly increases
phenolic content.
Patties can be stored up to one month safely using 0.05 % treated spice extract

(ginger, garlic and turmeric).



Summary

Nowadays, Ready-made burger patties are gaining popularity due to the busy schedule of
consumers and relying more on fast foods. Modern civilization and imitating western culture
can also be the cause. Patties are better source of protein as they are meat products. However,
there is a problem of lipid oxidation and microbial spoilage in stored patties. In order to
overcome these problems, synthetic antioxidants like BHT, TBHQ, etc. are widely used. But
health concerned consumers do not prefer artificial substances and rather consume healthy

natural foods such as, spices with natural antioxidant and anti-microbial agent.

Spices viz. ginger, garlic and turmeric were collected and extraction were carried out.
0.05% of each extract were used to prepare different meat patties. During preparation,
cooking loss, water loss and lipid loss were analyzed and found to be the lowest in GE
incorporated patties (20.24+0.15, 17.64+0.41 and 0.32+0.03 % respectively). The highest
amount of total phenol was found in GE treated patties (757.956 mg GAE/100g) and lowest
was found in TE treated patties (618.37+24.177 mg GAE/100g). Highest value and lowest
value of flavonoid content were obtained for GE treated patties (189.123+0.61 mg QE/100g)
and GAE treated patties (59.184 mg QE/100g) respectively. The highest value of antioxidant
activity (%RSA) was observed in TE treated patties (14.3045 % at 5 uM and 71.7848 % at
25 uM) whereas the lowest result was found in GAE treated patties (0.9186 % at 5 uM and
24.0157 % at 25 pM) with 1C%° value of 14.9425 pg/ml and 50.8144 pg/ml respectively.

At day 30, control sample showed highest peroxide value (4.892 Meq/kg) followed by
GAE (4.261 Meqg/kg), GE (4.10033 Meg/kg), BHT (3.573133 Meqg/kg) and TE (3.488667
Meaqg/kg). At day 30, highest and lowest total plate count values were obtained from control
patties (7.011+0.06 log cfu/g) and TE treated patties (6.88+0.17 log cfu/g) respectively. Only
the control sample exceeded threshold limit (7.0 log cfu/g). pH values were slightly lowered
from 6.18 to 5.88, 6.18 t0 5.91, 6.18 t0 5.95, 6.19 to 5.9 and 6.16 to 5.92 for control, GAE,
GE, BHT and TE treated patties up to day 30.

These results showed that the use of spice extracts could be effective in preventing burger
patties against lipid oxidation as well as inhibitory activity towards microorganisms at
refrigerated storage. Also, their performance was significantly higher compared to the
synthetic antioxidants.



References

Abdel-Naeem, H. H. and Mohamed, H. M. (2016). Improving the physico-chemical and
sensory characteristics of camel meat burger patties using ginger extract and papain.
Meat Sci.. 118, 52-60.

Ahmed, R. and Sharma, S. (1997). Biochemical studies on combined effects of garlic
(Allium sativum Linn) and ginger (Zingiber officinale Rosc) in albino rats. Indian J.
Exp. Biol.. 35 (8), 841-843.

Alam, K., Hog, O. and Uddin, S. (2016). Medicinal plant Allium sativum. A review. J. Med.
Plant Stud.. 4 (6), 72-79.

Ali, G. and Neda, G. (2011). Flavonoids and phenolic acids: Role and biochemical activity
in plants and human. J. Med. plants Res.. 5 (31), 6697-6703.

Alimentarius, C. (1999). Codex standard for named vegetable oils. Codex stan. 210, 1-13.

Ammon, H. P. and Wahl, M. A. (1991). Pharmacology of Curcuma longa. Planta medica.
57 (01), 1-7.

Antolovich, M., Prenzler, P. D., Patsalides, E., McDonald, S. and Robards, K. (2002).
Methods for testing antioxidant activity. Analyst. 127 (1), 183-198.

Arihara, K. (2006). Strategies for designing novel functional meat products. Meat Sci.. 74
(1), 219-229.

Awan, K. A., Butt, M. S., Ul Haq, I. and Suleria, H. A. (2019). Investigating the antioxidant
potential of garlic (Allium sativum) extracts through different extraction modes.
Curr. Bioact. Compd.. 15 (1), 45-50.

Babbar, N., Oberoi, H. S. and Sandhu, S. K. (2015). Therapeutic and nutraceutical potential
of bioactive compounds extracted from fruit residues. Crit. Rev. Food Sci. Nutr.. 55
(3), 319-337.

Barbut, S. (1995). Importance of fat emulsification and protein matrix characteristics in meat
batter stability. J. Muscle Foods. 6 (2), 161-177.



Bartley, J. P. and Jacobs, A. L. (2000). Effects of drying on flavour compounds in Australian-
grown ginger (Zingiber officinale). J. Sci. Food Agric.. 80 (2), 209-215.

Berry, B. (1992). Low fat level effects on sensory, shear, cooking, and chemical properties
of ground beef patties. J. food Sci.. 57 (3), 537-537.

Bertram, H. C., Andersen, H. J., Karlsson, A. H., Horn, P., Hedegaard, J., Ngrgaard, L. and
Engelsen, S. B. (2003). Prediction of technological quality (cooking loss and Napole
Yield) of pork based on fresh meat characteristics. Meat Sci.. 65 (2), 707-712.

Bertram, H. C., Petersen, J. S. and Andersen, H. J. (2000). Relationship between RN—
genotype and drip loss in meat from Danish pigs. Meat Sci.. 56 (1), 49-55.

Bhattacharya, D. (2003). Antioxidants in oils and fats: Some technical aspects. Ic-

antioxidant-03. Kolkata and Jadavpur Univ.. July. 15-16.

Birt, D. F. (2006). Phytochemicals and cancer prevention: from epidemiology to mechanism
of action. J. Am. Dietetic Assoc.. 106 (1), 20-21.

Blois, M. S. (1958). Antioxidant determinations by the use of a stable free radical. Nature.
181 (4617), 1199-1200.

Burris, V. M. (2015). Sustainability of Small Scale Farming in a Mountain Region: Case
Study of the Khaling Rai Population of the Solukhumbu, Nepal. Future Food: J. on
Food, Agric. Soc.. Vol 2.

Chakrabarty, M. (2003). "Chemistry and technology of oils & fats". Vol. 1. Allied
Publishers. [8177644955].

Chang, S. S., OSTRIC-MATIJASEVIC, B., Hsieh, O. A. and Huang, C. L. (1977). Natural
antioxidants from rosemary and sage. J. of Food Sci.. 42 (4), 1102-1106.

Charoenchai, L., Monton, C., Luprasong, C. and Kraisintu, K. (2020). Pretreatment study of
turmeric rhizomes and optimization of drying methods using microwave oven and

hot air oven to obtain high quality of turmeric powder. JCST. 10 (1), 49-57.

45



Chavhan, A. (2017). Comparative study to evaluate in vivo and in vitro antioxidant potential
of processed and unprocessed Curcuma logna L. using Allxon induced diabetic rats.
Int. J. Life Sci. 5(3), 425-437.

Chenoll, E., Macian, M., Elizaquivel, P. and Aznar, R. (2007). Lactic acid bacteria
associated with vacuum-packed cooked meat product spoilage: population analysis
by rDNA-based methods. J. Appl. Microbiol. 102 (2), 498-508.
https://doi.org/10.1111/j.1365-2672.2006.03081.x.

Choli, Y.-S., Choi, J.-H., Han, D.-J., Kim, H.-Y., Lee, M.-A., Kim, H.-W., Jeong, J.-Y. and
Kim, C.-J. (2009). Characteristics of low-fat meat emulsion systems with pork fat
replaced by vegetable oils and rice bran fiber. Meat Sci.. 82 (2), 266-271.

Chomchalow, N. (1996). Spice production in Asia-An overview. Unpublished paper
presented at the IBC’s Asia Spice Markets’ 96 Conference, Singapore. 27-28.

Conto, M., Cifuni, G. F., lacurto, M. and Failla, S. (2022). Effect of pasture and intensive
feeding systems on the carcass and meat quality of buffalo. Animal BioSci.. 35 (1),
105.

Cornish-Bowden, A. (1995). "Analysis of enzyme kinetic data".[019854877X].

Daneshfar, A., Ghaziaskar, H. S. and Homayoun, N. (2008). Solubility of gallic acid in
methanol, ethanol, water, and ethyl acetate. J. of Chem. Eng. Data. 53 (3), 776-778.

de Lima Junior, D. M., do Nascimento Rangel, A. H., Urbano, S. A. and Moreno, G. M. B.
(2013). Oxidacdo lipidica e qualidade da carne ovina. Acta Veterinaria Brasilica. 7
(1), 14-28.

De, M., Krishna De, A. and Banerjee, A. (1999). Antimicrobial screening of some Indian
spices. Phytotherapy Research: An Int. J. Devoted to Pharmacological and Toxicol.
Evaluation Nat. Prod. Derivatives. 13 (7), 616-618.

Debjit Bhowmik, C., Kumar, K., Chandira, M. and Jayakar, B. (2009). Turmeric: a herbal
and traditional medicine. Arch. Appl. Sci. Res.. 1 (2), 86-108.

46



Devatkal, S. K. and Naveena, B. (2010). Effect of salt, kinnow and pomegranate fruit by-
product powders on color and oxidative stability of raw ground goat meat during
refrigerated storage. Meat Sci.. 85 (2), 306-311.

DFTQC. (2017). "Nepalese food composition table". Department of Food Technology and
Quality Control (Ministry of agricultural development), Nepal. p. 86. Retrieved from
http://www.dftgc.gov.np/downloadfile/Food%20Composition%20Table%202017_
1572781821 1590383994.pdf. [Accessed 4 September, 2022].

Dickinson, E. (2012). Emulsion gels: The structuring of soft solids with protein-stabilized
oil droplets. Food hydrocolloids. 28 (1), 224-241.

Disha, M., Hossain, M., Kamal, M., Rahman, M. and Hashem, M. (2020). Effect of different
level of lemon extract on quality and shelf life of chicken meatballs during frozen
storage. SAARC J. of Agric.. 18 (2), 139-156.

Divya, B., Suman, B., Venkataswamy, M. and Thyagaraju, K. (2017). A study on
phytochemicals, functional groups and mineral composition of Allium sativum
(garlic) cloves. Int. J. Curr. Pharm. Res. 9 (3), 42-45.

Doss, A. and Anand, S. (2012). Preliminary phytochemical screening of Asteracantha
longifolia and Pergularia daemia. World Appl. Sci. J. 18 (2), 233-235.

Duy, N. Q., Binh, M. L. T., Thuan, M., Van, N. T. T., Lam, T. D., Tran, T. H. and Nhan, P.
N. T. (2019). Effects of extraction conditions on total phenolic content and total
flavonoid content of roselle (Hibiscus sabdariffa L.) extracts. Key Eng. Mater. 814,
469-474.

El-Alim, S. S. L. A, Lugasi, A., Hovéri, J. and Dworschak, E. (1999). Culinary herbs inhibit
lipid oxidation in raw and cooked minced meat patties during storage. J. Sci. Food
Agric. 79 (2), 277-285.

Estévez, M. (2015). Oxidative damage to poultry: from farm to fork. Poultry Sci.. 94 (6),
1368-1378.

47



Etiosa, O. R., Chika, N. B. and Benedicta, A. (2017). Mineral and proximate composition of
soya bean. Asian J. Physical Chem. Sci. 4 (3), 1-6.

Fatope, M., lbrahim, H. and Takeda, Y. (1993). Screening of higher plants reputed as
pesticides using the brine shrimp lethality assay. Int. J. pharmacognosy. 31 (4), 250-
254.

Faustman, C., Sun, Q., Mancini, R. and Suman, S. P. (2010). Myoglobin and lipid oxidation

interactions: Mechanistic bases and control. Meat Sci.. 86 (1), 86-94.

Fernandez-Lopez, J., Sayas-Barberd, E., Munoz, T., Sendra, E., Navarro, C. and Pérez-
Alvarez, J. (2008). Effect of packaging conditions on shelf-life of ostrich steaks. 78
(1-2), 143-152.

Formagio, A. S. N., Volobuff, C. R. F., Santiago, M., Cardoso, C. A. L., Vieira, M. D. C.
and Pereira, Z. V. (2014). Evaluation of antioxidant activity, total flavonoids, tannins

and phenolic compounds in Psychotria leaf extracts. Antioxidants. 3 (4), 745-757.

Gardner, H. (1979). Lipid hydroperoxide reactivity with proteins and amino acids: a review.
J. Agric. Food Chem. 27 (2), 220-229. https://doi.org/10.1021/jf60222a034.

Gee, J. and Johnson, I. (2001). Polyphenolic compounds: interactions with the gut and
implications for human health. Curr. Med. Chem.. 8 (11), 1245-1255.

Ghasemzadeh, A., Jaafar, H. Z. and Rahmat, A. (2010). Antioxidant activities, total
phenolics and flavonoids content in two varieties of Malaysia young ginger (Zingiber
officinale Roscoe). Molecules. 15 (6), 4324-4333.

Ghimire, A., Paudel, N. and Poudel, R. (2022). Effect of pomegranate peel extract on the
storage stability of ground buffalo (Bubalus bubalis) meat. LWT. 154, 112690.

Girotti, A. W. (1998). Lipid hydroperoxide generation, turnover, and effector action in
biological systems. 39 (8), 1529-1542.

Glaser, K. R., Wenk, C. and Scheeder, M. R. (2004). Evaluation of pork backfat firmness
and lard consistency using several different physicochemical methods. J. Sci. Food
Agric.. 84 (8), 853-862.

48



Grau, R. (1956). Die Bestimmung der Wasserbindung des Fleisches mittels der Pre-§
methode. Fleischwirtschaft. 8, 733-734.

Grau, R. and Ludorff, W. (1944). Fleisch und Fleischwaren: Springer.

Grzanna, R., Lindmark, L. and Frondoza, C. G. (2005). Ginger—an herbal medicinal product
with broad anti-inflammatory actions. J. Med. food. 8 (2), 125-132.

Guerra, I, Félex, S., Meireles, B., Dalmés, P., Moreira, R., Honodrio, V., Morgano, M.,
Milani, R., Benevides, S. and Queiroga, R. (2011). Evaluation of goat mortadella
prepared with different levels of fat and goat meat from discarded animals. Small
Ruminant Res.. 98 (1-3), 59-63.

Giilgin, 1., Kiifrevioglu, O. I., Oktay, M. and Biiyiikokuroglu, M. E. (2004). Antioxidant,
antimicrobial, antiulcer and analgesic activities of nettle (Urtica dioica L.). J.
ethnopharmacology. 90 (2-3), 205-215.

Gupta, S. and Ravishankar, S. (2005). A comparison of the antimicrobial activity of garlic,
ginger, carrot, and turmeric pastes against Escherichia coli O157: H7 in laboratory
buffer and ground beef. Foodbourne Pathogens & Disease. 2 (4), 330-340.

Hanukov, G., Avinadav, T., Chernonog, T. and Yechiali, U. (2019). Performance
improvement of a service system via stocking perishable preliminary services. Eur.
J. Operational Res.. 274 (3), 1000-1011.

Harrigan, W. F. and McCance, M. E. (1976). "Laboratory methods in food and dairy
microbiology". Academic Press Inc.(London) Ltd. [012326040X].

Heim, K. E., Tagliaferro, A. R. and Bobilya, D. J. (2002). Flavonoid antioxidants: chemistry,
metabolism and structure-activity relationships. J. nutritional biochem. 13 (10), 572-
584.

Heinonen, M. (2007). Antioxidant activity and antimicrobial effect of berry phenolics—a
Finnish  perspective. Molecular Nutr. food Res.. 51 (6), 684-691.
https://doi.org/10.1002/mnfr.200700006.

49



Hertog, M. G., Hollman, P. C. and Katan, M. B. (1992). Content of potentially
anticarcinogenic flavonoids of 28 vegetables and 9 fruits commonly consumed in the
Netherlands. J. Agric. food Chem.. 40 (12), 2379-2383.

Honikel, K. O. (2004). Water-holding capacity of meat. Muscle development of livestock
animals: Physiology, genetics and meat quality. 389-400.

Hoogenkamp, H. (2011). Protein performance in emulsion stability. Fleischwirtschaft Int.:

J. meat production meat process. (3), 54-59.

Ismail, M. A., Chong, G. H. and Ismail-Fitry, M. R. (2021). Comparison of the
microstructural, physicochemical and sensorial properties of buffalo meat patties
produced using bowl cutter, universal mixer and meat mixer. J. food Sci. Technol. 58
(12), 4703-4710. https://doi.org/10.1007/s13197-020-04960-y

James G. Brennan, D. A. S. G. (2011). Mixing, emulsification and size reduction. Food
Processing Handbook, Second Edition. 513. 10.1002/9783527634361.

Jancic, R. and Lakusic, B. (2002). Botanika farmaceutika. Farmaceutski fakultet, Zavod za

botaniku, Beograd.

Ji, W.-D., Jeong, M.-S., Chung, H.-C., Lee, S.-J. and Chung, Y.-G. (1997). Antimicrobial
activity and distilled components of garlic (Allium sativum L.) and ginger (Zingiber
officinale Roscoe). Appl. Biological Chem.. 40 (6), 514-518.

Kamani, M. H., Meera, M. S., Bhaskar, N. and Modi, V. K. (2019). Partial and total
replacement of meat by plant-based proteins in chicken sausage: Evaluation of
mechanical, physico-chemical and sensory characteristics. J. food Sci. Technol. 56
(5), 2660-2669.

Kamleshiya, P., Meshram, V. and Ansari, A. (2012). Comparative evaluation of antioxidant
and free-radical scavenging activity of aqueous and methanolic spice extracts. Int. J.
Life Sci. Pharm. Res. 2, 118-125.

50



Kandeepan, G., Anjaneyulu, A., Kondaiah, N., Mendiratta, S. and Lakshmanan, V. (2009a).
Effect of age and gender on the processing characteristics of buffalo meat. Meat Sci..
83 (1), 10-14.

Kandeepan, G., Biswas, S. and Rajkumar, R. (2009b). Buffalo as a potential food animal.
Int. J. of Livestock Production. 1 (1), 001-005.

Kandeepan, G., Mendiratta, S., Shukla, V. and Vishnuraj, M. (2013). Processing

characteristics of buffalo meat-a review. J. Meat Sci. Technol. 1 (1), 01-11.

Karol, Z., Juan, P. A,, Farid, B. C., Camilo, L. A., Diego, L. D. R. and Benjamn, A. R.
(2017). Oxidative stabilization of palm olein with isoespintanol (2-isopropyl-3, 6-
dimethoxy-5-methylphenol) isolated from Oxandra cf xylopioides. J. Med. Plants
Res.. 11 (11), 218-225.

Kebede, B. H., Forsido, S. F., Tola, Y. B. and Astatkie, T. (2021). Free radical scavenging
capacity, antibacterial activity and essential oil composition of turmeric (Curcuma
domestica) varieties grown in Ethiopia. Heliyon. 7 (2), e06239.

Kenawi, M. A. and Petrovic, M. P. (2012). The combined effect of edible packaging and
spices extract on stability of frozen buffalo meat product. Lucrari Stiintifice-Seria
Zootehnie. 57, 12-18.

Khajehei, F., Merkt, N., Claupein, W. and Graeff-Hoenninger, S. (2018). Yacon
(Smallanthus sonchifolius Poepp. & Endl.) as a novel source of health promoting
compounds: Antioxidant activity, phytochemicals and sugar content in flesh, peel,

and whole tubers of seven cultivars. Molecules. 23 (2), 278.

Khanal, A., Devkota, H. P., Kaundinnyayana, S., Gyawali, P., Ananda, R. and Adhikari, R.
(2021). Culinary herbs and spices in Nepal: A review of their traditional uses,

chemical constituents, and pharmacological activities. 21, 1-18.

Kilcast, D. and Subramaniam, P. (2000). "The stability and shelf-life of food". Woodhead
Publishing Limited and CRC Press LLC. England. [1 85573 500 8].

51



King, A. and Young, G. (1999). Characteristics and occurrence of phenolic phytochemicals.
J. Am. dietetic Assoc.. 99 (2), 213-218.

Koirala, B., Bhattarai, R., Maharjan, R., Maharjan, S. and Shrestha, S. (2020). Bacterial
Assessment of Buffalo Meat in Kathmandu Valley. Nepal J. Sci. Technol. 19 (2), 90-
96.

Korkeala, H., Mé&ki-Petdys, O., Alanko, T. and Sorvettula, O. (1986). Determination of pH
in meat. Meat Sci.. 18 (2), 121-132.

Kouba, M. and Mourot, J. (2011). A review of nutritional effects on fat composition of
animal products with special emphasis on n-3 polyunsaturated fatty acids. Biochem.
93 (1), 13-17.

Kratchanova, M., Denev, P., Ciz, M., Lojek, A. and Mihailov, A. (2010). Evaluation of
antioxidant activity of medicinal plants containing polyphenol compounds.

Comparison of two extraction systems. Acta Biochimica Polonica. 57 (2).

Kumar, A., Sharma, P., Mahajan, A. and Begum, Z. (2018). In Vitro Comparative Study of
Antioxidant and Antibacterial Activity of Selected Dietary Plants. Nepal J.
Biotechnol. 6 (1), 39-45.

Kumar, S. and Pandey, A. K. (2013). Chemistry and biological activities of flavonoids: an
overview. The scientific world J.. 2013.

Kumari, M. and Jain, S. (2015). Screening of potential sources of tannin and its therapeutic
application. Int. J. Nutr. Food Eng. 9 (7), 820-823.

Ladikos, D. and Lougovois, V. (1990). Lipid oxidation in muscle foods: A review. Food
Chem.. 35 (4), 295-314. https://doi.org/10.1016/0308-8146(90)90019-Z.

Lesschaeve, I. and Noble, A. C. (2005). Polyphenols: factors influencing their sensory
properties and their effects on food and beverage preferences. Am. J. clinical Nutr..
81 (1), 330S-335S.

52



Lewandowska, H., Kalinowska, M., Lewandowski, W., Stepkowski, T. M. and Brzoska, K.
(2016). The role of natural polyphenols in cell signaling and cytoprotection against

cancer development. J. nutritional Biochem. 32, 1-19.

Li, T. (2006a). The range of medicinal herbs and spices. In: "Handbook of herbs and spices™
(Vol. Volume 3). (K. V. Peter, Ed.). pp. 113-125. Sci.direct.com. Elsevier B.V. [978-
1-84569-017-5].

Li, T. (2006b). The range of medicinal herbs and spices. In: "Handbook of herbs and
spices™.). pp. 113-125. Elsevier.

Madhavi, D. L., Deshpande, S. and Salunkhe, D. K. (1995). "Food antioxidants:
Technological: Toxicological and health perspectives”. CRC Press. [082479351X].

Malik, S. N. (2015). Evaluation of antibacterial and antioxidant activity of Ginger rhizome
and Ziziphus leaves. Int. J. PharmTech. Res.. 7 (4), 554-559.

Mamun, A., Hasan, N., Belal, H., Karim, R., Islam, D., Afroz, S., Islam, A. and Ara, T.
(2016). Investigation on phytochemical content and antioxidant activity of locally
grown garlic (Allium sativum L.) in Bangladesh. Int. J. Biol. Res. 1, 37-42.

Manach, C., Scalbert, A., Morand, C., Rémésy, C. and Jiménez, L. (2004). Polyphenols:
food sources and bioavailability. Am. J. clinical Nutr.. 79 (5), 727-747.

Manandhar, N. (2018). Phytochemical and antioxidant activity of common spices and their
mix. B. Tech. Thesis. Tribhuwan Univ., Nepal.

Marchetti, L. and Andrés, S. C. (2021). Use of nanocellulose in meat products. Curr.
Opinion in Food Sci.. 38, 96-101.

Micklander, E., Bertram, H. C., Marng, H., Bak, L. S., Andersen, H. J., Engelsen, S. B. and
Ngrgaard, L. (2005). Early post-mortem discrimination of water-holding capacity in
pig longissimus muscle using new ultrasound method. LWT-Food Sci. Technol. 38
(5), 437-445.

Min, B. and Ahn, D. (2005). Mechanism of lipid peroxidation in meat and meat products-A
review. Food Sci. Biotechnol. 14 (1), 152-163.
53



Molyneux, R. J., Lee, S. T., Gardner, D. R., Panter, K. E. and James, L. F. (2007).
Phytochemicals: the good, the bad and the ugly? Phytochemistry. 68 (22-24), 2973-
2985.

Moretto, A., Byruchko, R. T., Modesto, E. C., da Motta, A. S., Friedrich, M. T. and
Rezzadori, K. (2020). Effect of olive oil replacement on physicochemical,
technological, and microbiological properties of buffalo burger modification. 44 (8),
e14624.

Morris, S. G. (1954). Fat rancidity, recent studies on mechanism of fat oxidation in its
relation to rancidity. 2 (3), 126-132.

Munekata, P. E. S., Rocchetti, G., Pateiro, M., Lucini, L., Dominguez, R. and Lorenzo, J.
M. (2020). Addition of plant extracts to meat and meat products to extend shelf-life

and health-promoting attributes: An overview. 31, 81-87.

Mushtag, Z., Tahir Nadeem, M., Arshad, M. U., Saeed, F., Ahmed, M. H., Bader Ul Ain, H.,
Javed, A., Anjum, F. M. and Hussain, S. (2019). Exploring the biochemical and
antioxidant potential of ginger (Adric) and turmeric (Haldi). Int. J. Food Properties.
22 (1), 1642-1651.

Naveena, B. and Kiran, M. (2014). Buffalo meat quality, composition, and processing
characteristics: Contribution to the global economy and nutritional security. Animal
frontiers. 4 (4), 18-24. https://doi.org/10.2527/af.2014-0029.

Naveena, B., Vaithiyanathan, S., Muthukumar, M., Sen, A., Kumar, Y. P., Kiran, M., Shaju,
V. and Chandran, K. R. (2013). Relationship between the solubility, dosage and
antioxidant capacity of carnosic acid in raw and cooked ground buffalo meat patties
and chicken patties. Meat Sci.. 95 (2), 195-202.
https://doi.org/10.1016/j.meatsci.2013.04.043.

Neubig, R. R., Spedding, M., Kenakin, T. and Christopoulos, A. (2003). International Union
of Pharmacology Committee on Receptor Nomenclature and Drug Classification.
XXXVIIl. Update on terms and symbols in quantitative pharmacology.
Pharmacological Rev.. 55 (4), 597-606.

54



Neupane, N., Neupane, H. and Dhital, B. (2018). A socioeconomic view of status and
prospects of goat farming in rural areas of Nepal. J. Inst. Agric. Animal Sci.. 35 (1),
1-8.

Nwaekpe, J., Anyaegbunam, H., Okoye, B. and Asumugha, G. (2015). Promotion of
turmeric for the food/pharmaceutical industry in Nigeria. Am. J. Exp. Agric. 8 (6),
335-341.

O’connell, J. and Fox, P. (2001). Significance and applications of phenolic compounds in
the production and quality of milk and dairy products: a review. Int. Dairy J.. 11 (3),
103-120.

Obeta, N. A. (2015). Effect of moist heating and drying processing on the proximate and
phytochemical composition of Vernonia amygdalina and Gongronema latifolium
leaves. Agric. Sci. Res. J. 5 (11), 153-165.

Oboh, G. (2006). Antioxidant properties of some commonly consumed and underutilized
tropical legumes. Eur. Food Res. Technol. 224 (1), 61-65.

Ockerman, H. and Pellegrino, J. (1988). Meat extractives. Adv. meat Res. (USA).

Odukoya, O. A, llori, O. O., Sofidiya, M. O., Aniunoh, O. A., Lawal, B. M. and Tade, I. O.
(2005). Antioxidant activity of Nigerian dietary spices. Electr. J. Environ. Agric.
Food Chem. 4 (6), 1086-1093.

Offei-Oknye, R., Patterson, J., Walker, L. and Verghese, M. (2015). Processing effects on
phytochemical content and antioxidative potential of ginger Zingiber officale. Food
Nutr. Sci. 6 (05), 445.

Osburn, W. and Keeton, J. (1994). Konjac flour gel as fat substitute in low-fat prerigor fresh
pork sausage. J. Food Sci.. 59 (3), 484-4809.

Ozkan, N., Ho, I. and Farid, M. (2004). Combined ohmic and plate heating of hamburger
patties: quality of cooked patties. J. Food Eng.. 63 (2), 141-145.
https://doi.org/10.1016/S0260-8774(03)00292-9.

55



Pajohi, M. R., Tajik, H., Farshid, A. A., Basti, A. A. and Hadian, M. (2011). Effects of
Mentha longifolia L. essential oil and nisin alone and in combination on Bacillus
cereus and Bacillus subtilis in a food model and bacterial ultrastructural changes.
Foodborne pathogens and disease. 8 (2), 283-290.

Pande, S. S. (2019). Effect of alcoholic fermentation on phytochemical
(polyphenol/flavonoid, vitamin ¢ and fos) levels and radical scavenging activity of
yacon(Smallanthus sonchifolius) root slices. B. Tech. Thesis. Tribhuvan Univ.,

Nepal.

Pankey, R., Draudt, H. and Desrosier, N. (1965). Characterization of the starch of Spirodela
polyrrhiza. J. Food Sci.. 30 (4), 627-631.

Parafati, L., Palmeri, R., Trippa, D., Restuccia, C. and Fallico, B. (2019). Quality
maintenance of beef burger patties by direct addiction or encapsulation of a prickly

pear fruit extract. Frontiers in Microbiol. 10, 1760.

Pawar, V., Machewad, G. and Mule, B. (2009). Cooking characteristics of chevon marinated
with ginger rhizome extract in different storage periods. J. of Muscle Foods. 20 (1),
18-27.

Pekal, A. and Pyrzynska, K. (2014). Evaluation of aluminium complexation reaction for

flavonoid content assay. Food Analytical Methods. 7 (9), 1776-1782.

Petrovska, B. B. and Cekovska, S. (2010). Extracts from the history and medical properties
of garlic. Pharmacognosy Rev.. 4 (7), 106.

Phongpaichit, S., Nikom, J., Rungjindamai, N., Sakayaroj, J., Hutadilok-Towatana, N.,
Rukachaisirikul, V. and Kirtikara, K. (2007). Biological activities of extracts from
endophytic fungi isolated from Garcinia plants. FEMS Immunology Med. Microbiol.
51 (3), 517-525.

Phuaklee, P., Sakpakdeejaroen, I. and Itharat, A. (2010). Cytotoxic and antioxidant activities
of two species of ginger extracts. Thai J. Pharmacol. 32 (1), 82-85.

56



Pipek, P., Rohlik, B.-A., Potucek, T. and Simoniova, A. (2012). The composition of pork
lard as a raw material in meat production. 2, 115-119.

Pokorny, J. (2007). Are natural antioxidants better—and safer—than synthetic antioxidants?
Eur. J. lipid Sci. Technol. 109 (6), 629-642. https://doi.org/10.1002/ej1t.200700064.

Pokorny, J. and Korczak, J. (2001). Preparation of natural antioxidants. Antioxidants in food.
311-330.

Prasad, S. and Aggarwal, B. B. (2011). Turmeric, the golden spice. Herbal Medicine:

Biomolecular Clin. Aspects. 2nd edition.

Prior, R. L., Wu, X. and Schaich, K. (2005). Standardized methods for the determination of
antioxidant capacity and phenolics in foods and dietary supplements. J. Agric. food
Chem.. 53 (10), 4290-4302.

Ramanthan, R., Lau, K. and Da, N. (1989). Antiperoxidative action of flavonoids and related
products in ground pork (abstract) proceedings of Il int. symp. On flavonoids in
Biol. Med. Singapore. 56.

Ramos, S. (2008). Cancer chemoprevention and chemotherapy: dietary polyphenols and
signalling pathways. Mol. Nutr. food Res.. 52 (5), 507-526.

Rasuli, N., Bintoro, V. P., Purnomoadi, A. and Nurwantoro, N. (2021). The shelf life of
buffalo meat marinated with pomegranate (Punica granatum) peel extract. J. Adv.
Veterinary Animal Res. 8(4), 612.

Ray, B. and Bhunia, A. K. (2001). "Fundamental food microbiology". Vol. 97. CRC press

Boca Raton.

Ribarova, F., Atanassova, M., Marinova, D., Ribarova, F. and Atanassova, M. (2005). Total
phenolics and flavonoids in Bulgarian fruits and vegetables. JU Chem. Metal. 40,
255-260.

Ross, Z., O'Gara, E. A., Hill, D. J., Sleightholme, H. and Maslin, D. J. (2001). Antimicrobial

properties of garlic oil against human enteric bacteria: evaluation of methodologies

57



and comparisons with garlic oil sulfides and garlic powder. Appl. Enviro. Microbiol.
67 (1), 475-480.

Rowland, 1. (1999). Optimal nutrition: fibre and phytochemicals. Proc. Nutr. Soc. 58 (2),
415-419.

Sabir, S., Zeb, A., Mahmood, M., Abbas, S., Ahmad, Z. and Igbal, N. (2020). Phytochemical
analysis and biological activities of ethanolic extract of Curcuma longa rhizome.
Brazilian J. Biol.. 81, 737-740.

Sahoo, J. and Anjaneyulu, A. R. (2000). Effect of sodium ascorbate, alpha-tocopherol acetate
and sodium tripolyphosphate on the quality of pre-blended ground buffalo meat. J.
Food Sci. Technol. (Mysore)37 (4), 388-393.

Sallam, K. ., Ishioroshi, M. and Samejima, K. (2004). Antioxidant and antimicrobial effects
of garlic in chicken sausage. LWT-Food Sci. Technology. 37 (8), 849-855.

Saravanan, P., Ramya, V., Sridhar, H., Balamurugan, V. and Umamaheswari, S. (2010).
Antibacterial activity of Allium sativum L. on pathogenic bacterial strains. Global
veterinaria. 4 (5), 519-522.

Scalbert, A., Manach, C., Morand, C., Rémésy, C. and Jiménez, L. (2005). Dietary
polyphenols and the prevention of diseases. Crit. Rev. in food Sci. and Nutr.. 45 (4),
287-306.

Schéfer, A., Rosenvold, K., Purslow, P. P., Andersen, H. J. and Henckel, P. (2002).
Physiological and structural events post mortem of importance for drip loss in pork.
Meat Sci.. 61 (4), 355-366.

Segel, 1. (1975). Enzyme Kinetics, John Wiley & Sons, New York.

Serdaroglu, M., Kavusan, H., Ipek, G. and Oztiirk, B. (2018). Evaluation of the quality of
beef patties formulated with dried pumpkin pulp and seed. Korean J. Food Sci.

animal Resour. 38 (1), 1.

58



Shan, B., Cai, Y. Z., Brooks, J. D. and Corke, H. (2009). Antibacterial and antioxidant effects
of five spice and herb extracts as natural preservatives of raw pork. J. Sci. Food and
Agric.. 89 (11), 1879-1885.

Sheridan, P. and Shilton, N. (2002). Analysis of yield while cooking beefburger patties using
far infrared radiation. J. Food Eng. 51 (1), 3-11.

Shobana, S. and Naidu, K. A. (2000). Antioxidant activity of selected Indian spices.
Prostaglandins, Leukotrienes and Essential Fatty Acids (PLEFA). 62 (2), 107-110.

Singh, P., Kumar, R., Sabapathy, S. and Bawa, A. (2008). Functional and edible uses of soy
protein products. Comprehensive Rev. in food Sci. food safety. 7 (1), 14-28.

Singh, R., Mehta, A., Mehta, P. and Shukla, K. (2011). Anthelmintic activity of rhizome
extracts of Curcuma longa and Zingiber officinale (Zingiberaceae). Int. J. Pharmacy
Pharmaceutical Sci. 3 (2), 236-237.

Singleton, V. L., Orthofer, R. and Lamuela-Raventos, R. M. (1999). [14] Analysis of total
phenols and other oxidation substrates and antioxidants by means of folin-ciocalteu
reagent. In: "Methods in enzymology" (Vol. 299).). pp. 152-178. Elsevier. [0076-
6879].

Sochor, J., Ryvolova, M., Krystofova, O., Salas, P., Hubalek, J., Adam, V., Trnkova, L.,
Havel, L., Beklova, M. and Zehnalek, J. (2010). Fully automated spectrometric
protocols for determination of antioxidant activity: advantages and disadvantages.
Molecules. 15 (12), 8618-8640.

Thampi, N. and Jeyadoss, V. S. (2015). Comparative investigation of total antioxidant and
free radical scavenging activities of two allium species. Asian J. Pharm. Clin. Res..
8 (4), 148-151.

Theno, D. and Schmidt, G. (1978). Microstructural comparisons of three commercial
frankfurters. J. Food Sci.. 43 (3), 845-848.

Uriyapongson, J. (2007). Comparison and improvement of chemical and physical
characteristics of low-fat ground beef and buffalo meat patties at frozen storage.

59



Italian J. Animal Sci.. 6 (sup2), 1171-1174.
https://doi.org/10.4081/ijas.2007.s2.1171.

Van De Velde, F., Tarola, A., Gliemes, D. and Pirovani, M. (2013). Bioactive Compounds

and Antioxidant Capacity: Camarosa.
Vasala, P. (2012). Ginger. In: "Handbook of herbs and spices".). pp. 319-335. Elsevier.

Vaya, J. and Aviram, M. (2001). Nutritional antioxidants mechanisms of action, analyses of
activities and medical applications. Curr. Med. Chem.-Immunology, Endocrine &
Metabolic Agents. 1 (1), 99-117.

Waterhouse, A. L. (2005). Consumer labels can convey polyphenolic content: Implications
for public health. Clin. Dev. Immunology. 12 (1), 43-46.

Webb, E. C. and O’neill, H. (2008). The animal fat paradox and meat quality. Meat Sci.. 80
(1), 28-36.

Williams, P. (2007). Nutritional composition of red meat. Nutr. & Dietetics. 64, S113-S119.

Williamson, E. W. and Wren, R. C. (2003). "Potter's herbal cyclopaedia: the authoritative

reference work on plants with a known medical use". Daniel. [0852073615].

Wojciak, K. M. and Dolatowski, Z. J. (2012). Oxidative stability of fermented meat products.

Acta Scientiarum Polonorum Technologia Alimentaria. 11 (2), 99-109.

Wojdyto, A., Oszmianski, J. and Czemerys, R. (2007). Antioxidant activity and phenolic
compounds in 32 selected herbs. Food Chem.. 105 (3), 940-949.

Wong, W., Pui, C., Tunung, R., Cheah, Y., Nishibuchi, M. and Son, R. (2012). Prevalence

of Listeria monocytogenes in frozen burger patties in Malaysia. Int. Food Res. J..

Xu, D.-P., Li, Y., Meng, X., Zhou, T., Zhou, Y., Zheng, J., Zhang, J.-J. and Li, H.-B. (2017).
Natural antioxidants in foods and medicinal plants: Extraction, assessment and
resources. Int. J. Mol. Sci. 18 (1), 96.

60



Yadav, D., Yadav, S. K., Khar, R. K., Mujeeb, M. and Akhtar, M. (2013). Turmeric
(Curcuma longa L.): A promising spice for phytochemical and pharmacological
activities. Int. J. Green Pharm. (1JGP). 7 (2).

Zahid, M. A, Seo, J.-k., Parvin, R., Ko, J., Park, J.-Y. and Yang, H.-S. (2020). Assessment
of the stability of fresh beef patties with the addition of clove extract during frozen
storage. Food Sci. Animal Resour. 40 (4), 601.

Zandi, P. and Gordon, M. H. (1999). Antioxidant activity of extracts from old tea leaves.
Food Chem.. 64 (3), 285-288.

61



Appendices

Appendix A

Chemicals:

© © N o g k~ w DN E

e T o
A W N B O

Methanol

97% Ethanol

Gallic acid

Folin-Denis Ciocalteu reagent
Sodium carbonate

Sulphuric acid

Ascorbic acid

Aluminum chloride

Sodium nitrate

. Sodium hydroxide
. Quercetin

. Acetic acid

. Chloroform

. Potassium lodide
15.

Plate count agar

Apparatus:

1.

2
3
4
5.
6
7
8
9

10.
11.
12.

Refrigerator

. Spectrophotometer
. Glassware
. Water bath

Weighing Balance
Mincer

Meat chopper

Hot air oven
Incubator
Centrifuge machine
Vacuum evaporator
Shaker



Appendix B

B.1 Standard curve of Gallic acid

100
80

S

= 60

o)

=

< 40

S

y = 3.7534x - 6.2929
20 . R2 = 0.9834
0O4+H———— gy
0 10 20 30

Concentration of ascorbic acid (LM)

B.2 Standard curve of Quercetin
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Appendix C

C.1 Significance test for cooking loss
Dependent variable: cooking loss

Table C.1 Test of between subject effects

Source DF Sum of Squares Mean Square VR Prob>F
Sample 4 43.55476 10.88869 204.62 <.001
Residual 10 0.53213 0.05321

Total 14 44.08689

Connecting Letters Report

Level Mean
Ginger a 20.24
Turmeric b 21.07
BHT c 22.08
Garlic d 22.75
Control e 25.22

*Levels not connected by same letter are significantly different.

64



C.2 Significance test for lipid loss
Dependent variable: lipid loss

Table C.2 Test of between subject effects

Source DF Sum of Squares Mean Square VR Prob>F
Sample 4 5.637027 1.409257 281.10 <.001
Residual 10 0.050133 0.005013
Total 14 5.687160

Connecting Letters Report
Level Mean
Ginger a 0.317
Turmeric b 1.200
Garlic b 1.260
BHT C 1.683
Control d 2.170

*Levels not connected by same letter are significantly different.
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C.3 Significance test for water loss
Dependent variable: water loss

Table C.3 Test of between subject effects

Source DF Sum of Squares Mean Square Prob>F
Sample 4 12.8010 3.2002 27.48 <.001
Residual 10 1.1647 0.1165
Total 14 13.9656
Connecting Letters Report
Level Mean
Ginger a 17.64
BHT a 18.38
Turmeric b 19.36
Control b 19.57
Garlic b 20.26

*Levels not connected by same letter are significantly different.
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C.4 Significance test for phenol
Dependent variable: phenol

Table C.4 Test of between subject effects

Source DF Sum of Squares Mean Square VR Prob>F
Sample 2 35461.7 17730.9 45.50 <.001
Residual 6 2338.1 389.7

Total 8 37799.9

Connecting Letters Report

Level Mean
Turmeric a 618.4
Garlic b 744.0
Ginger b 758.0

*Levels not connected by same letter are significantly different.
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C.5 Significance test for flavonoid
Dependent variable: flavonoid

Table C.5 Test of between subject effects

Source DF Sum of Squares Mean Square VR Prob>F
Sample 2 30463.9762 15231.9881 1.237E+05 <.001
Residual 6 0.7386 0.1231

Total 8 30464.7149

Connecting Letters Report

Level Mean
Garlic a 59.2
Turmeric b 73.5
Ginger c 189.1

*Levels not connected by same letter are significantly different.
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C.6 Significance test for DPPH Radical Scavenging Activity

Dependent variable: DPPH Radical Scavenging Activity

Table C.6 Test of between subject effects

Source DF Sum of Squares Mean Square VR Prob>F
Sample 3 17134.174 5711.391 2018.61 <.001
Conc. 4 17608.616 4402.154 1555.88 <.001
Sample Conc. 12 3562.023 296.835 104.91 <.001
Residual 40 113.175 2.829
Total 59 38417.987
Connecting Letters Report
Post hoc test by sample
Level Mean
Garlic a 9.58
Ginger b 28.53
Ascorbic acid C 50.01
Turmeric c 50.16
*Levels not connected by same letter are significantly different.
Post hoc test by conc.
Level Mean
5 a 9.86
10 b 22.81
15 c 34.48
20 d 47.82
25 e 57.87

*Levels not connected by same letter are significantly different.
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Appendix D
D. Significance test for effect of various samples of extract to Peroxide Value with time
D.1 Within samples

Table no. D.1 One-way analysis of Day 0 by sample

Source DF Sum of Squares Mean Square VR Prob>F
Day 0 4 0.074764 0.018691 5.52 0.013
Residual 10 0.033869 0.003387

Total 14 0.108632

Connecting Letters Report

Level Mean
Garlic a 1.444
BHT ab 1.448
Turmeric ab 1.464
Ginger ab 1.589
Control b 1.601

*Levels not connected by same letter are significantly different.
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Table no. D.2 One-way analysis of Day 12 by sample

Source DF Sum of Squares Mean Square VR Prob>F
Day 12 4 0.461487 0.115372 24.62 <.001
Residual 10 0.046858 0.004686

Total 14 0.508346

Connecting Letters Report

Level Mean
Turmeric a 1.934
Ginger a 1.945
BHT ab 2.077
Garlic b 2.134
Control C 2.417

*Levels not connected by same letter are significantly different.
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Table no. D.3 One-way analysis of Day 18 by sample

Source DF Sum of Squares Mean Square VR Prob>F
Day 18 4 2.659155 0.664789 72.11 <.001
Residual 10 0.092190 0.009219
Total 14 2.751345

Connecting Letters Report
Level Mean
Turmeric a 2.074
BHT a 2.230
Ginger b 2.642
Garlic b 2.854
Control C 3.238

*Levels not connected by same letter are significantly different.

72



Table no. D.4 One-way analysis of Day 24 by sample

Source DF Sum of Squares Mean Square VR Prob>F
Day 24 4 2.674692 0.668673 85.03 <.001
Residual 10 0.078635 0.007864

Total 14 2.753328

Connecting Letters Report

Level Mean
Turmeric  a 2.794
BHT ab 3.002
Ginger b 3.161
Garlic C 3.569
Control d 3.975

*Levels not connected by same letter are significantly different.
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Table no. D.5 One-way analysis of Day 30 by sample

Source DF Sum of Squares Mean Square VR Prob>F
Day 30 4 3.89300 0.97325 79.45 <.001
Residual 10 0.12249 0.01225

Total 14 4.01549

Connecting Letters Report

Level Mean
Turmeric a 3.489
BHT a 3.573
Ginger b 4.1

Garlic b 4.261
Control C 4.892

*Levels not connected by same letter are significantly different.
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Appendix E
E. Significance test for effect of various samples of extract to pH with time
E.1 Within samples

Table no. E.1 One-way analysis of Day 6 by sample

Source DF Sum of Squares Mean Square VR Prob>F
Day 6 4 0.0113067 0.0028267 12.11 <.001
Residual 10 0.0023333 0.0002333

Total 14 0.0136400

Connecting Letters Report

Level Mean
BHT a 6.063
Turmeric ab 6.083
Control abc 6.103
Ginger bc 6.117
Garlic C 6.143

*Levels not connected by same letter are significantly different.
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Table no. E.2 One-way analysis of Day 24 by sample

Source DF Sum of Squares Mean Square VR Prob>F
Day 24 4 0.0085067 0.0021267 6.13 0.009
Residual 10 0.0034667 0.0003467

Total 14 0.0119733

Connecting Letters Report

Level Mean
Control a 5.903
Garlic ab 5.933
BHT ab 5.937
Turmeric b 5.963
Ginger b 5.970

*Levels not connected by same letter are significantly different.
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Table no. E.3 One-way analysis of Day 30 by sample

Source DF Sum of Squares Mean Square VR Prob>F
Day 30 4 0.0078000 0.0019500 5.42 0.014
Residual 10 0.0036000 0.0003600

Total 14 0.0114000

Connecting Letters Report

Level Mean
Control a 5.877
BHT ab 5.900
Garlic ab 5.910
Turmeric ab 5.917
Ginger b 5.947

*Levels not connected by same letter are significantly different.
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Appendix G

Color Plates

Plate 2 Ethanolic extracts of spices to incorporate in patty




Plate 5 Calculation of WHC

79

Plate 6 Analysis of DPPH




