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Introduction

There is a great demand for natural ingredients in the food industry. Plant materials are good
sources of natural ingredients with different functionalities, and these can be used for various appli-
cations. The advantages of plant materials are their abundance in nature and wide geographic distri-
bution. Plant extracts are concentrated bioactive compounds with potential antimicrobial,
antioxidant, and several other beneficial properties. Plant extracts vary in their properties because
of structural diversity and complexity based on their source.

Researchers and industries are working on conventional and emerging extraction techniques
for obtaining the extracts from plant material with highest yield, stability, and efficacy. Various
types of plants are valuable sources of these extracts such as fruits, vegetables, plantation crops,
cereals, spices, and herbs. Plant extracts are obtained from different parts of plants such as leaves
(Hauser et al., 2016; Nouri & Nafchi, 2014; Rodriguez, Sibaja, Espitia, & Otoni, 2020), fruits
(Ferysiuk, Wojciak, Materska, Chilczuk, & Pabich, 2020; Wang, Marcone, Barbut, & Lim,
2012), seeds (Guo, Huang, Chen, Hou, & Huang, 2020; Reddy et al., 2013; Tan, Lim, Tay, Lee,
& Thian, 2015), peels (Aliyari, Bakhshi Kazaj, Barzegar, & Ahmadi Gavlighi, 2020; Zhang, Li,
& Jiang, 2020), roots (Hedayati et al., 2021; Jaskiewicz, Budryn, Nowak, & Efenberger-
Szmechtyk, 2020; Norajit, Kim, & Ryu, 2010), and flowers (Khan et al., 2019; Samsudin, Soto-
Valdez, & Auras, 2014) (Fig. 1.1).

In the recent years, there has been an increasing demand for natural additives in the food indus-
try. Market trend has been changed due to the healthy lifestyle and consumer awareness about the
additives. Plant extracts are simple and safe and have been effectively utilized in the food industry
for different applications. They are used as antioxidants, antimicrobial agents, flavoring agents, col-
oring agents, enzymes, nutrient enhancers, and packaging additives.
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FIGURE 1.1

Plant parts used for the preparation of extracts.

Plant parts used for the preparation of extracts
Leaf

Leaves are important parts of plant responsible for the photosynthesis and consequent production of
oxygen. According to various literature, leaves are rich sources of health beneficial bioactive com-
pounds. Leaves contain carotenoids and anthocyanins responsible for the yellow to orange to red
color of leaves during autumn in addition to chlorophyll, which is responsible for green color.
These color compounds of leaves are responsible for the rich antioxidant capacity of leaves.
Additionally, some leave extracts posses antimicrobial activity due to the presence of flavonoids
(Botsoglou, Govaris, Ambrosiadis, Fletouris, & Botsoglou, 2014; Han & Song, 2021a). Leaf extract
possess more bioactive compounds as compared to stem, seed, and bark of a tree. Leaf extracts
have gained popularity for use in different types of food applications. Leaf extracts have been used
as preservative, coloring and antimicrobial agent.

Various studies have indicated the use of leaf extracts for different types of food products
(Table 1.1). Lotus leaf is a potential source of phytochemicals and is used in ground pork (Choe
et al., 2011). Lotus leaves are rich in polyphenols, flavonoids, and alkaloids (Wang et al., 2021).
Amaranthus leaf is rich in betalains and other active compounds. This leaf extract is used in pack-
aging films for shelf life enhancement of chicken and fish meat during storage (Kanatt, 2020).
Mango leaf extract is rich in bioactive components like gallic acid, mangiferin, glucosides, and
other phenolic compounds (Rambabu, Bharath, Banat, Show, & Cocoletzi, 2019). This extract is
incorporated into chitosan-based packaging films for food applications.

Mint leaf extract was used for lamb meat preservation by Kanatt, Chander, and Sharma (2008).
Mint leaf extracts are excellent source of phenolic and flavonoid compounds. Mint leaves help to
prevent the lipid oxidation and improve the taste and flavor of meat. The leaf extracts of myrtle,
rosemary, lemon balm, and nettle were used in beef patties to reduce lipid oxidation and enhance
the shelf life (Akarpat, Turhan, & Ustun, 2008). Olive leaf extract used in pork patties delayed the
protein oxidation and lipid oxidation of conjugated dienes, hydroperoxides, and malondialdehyde
(Botsoglou et al., 2014). Leaf extract obtained from cork oak (Quercus suber L.) was used as a nat-
ural antioxidant in cooked meat (Lavado, Ladero, & Cava, 2021). Moringa oleifera leaf extracts



Table 1.1 Application of leaf extracts in the food industry.

Plant

Green tea

Rosemary

Nettle

Olive

Genus

Camellia

Salvia

Urtica

Olea

Species

Sinesis

Rosmarinus

Dioica

Europea

Uses

Antioxidant
Antioxidant
antimicrobial
Antioxidant

Antioxidant
Antioxidant

Antioxidant
Antioxidant
Antioxidant
Antimicrobial,
Antioxidant

Antioxidant

Antioxidant

Antioxidant

Antioxidant

Antioxidant

Antimicrobial

Application
industries

Packaging films
Beef patties

Goat meat
Pork meat

Packaging film for
peanuts

Pork sausage

Beef patties
Pork meat
Ground beef

Fermented sausage

Pork patties

Pork sausages

Pork patties

Packaging film

Lamb meat

Remarks

Increased mechanical, water vapor barrier and
antioxidant properties

Delayed microbial spoilage, redness loss and
lipid oxidation

Reduces lipid oxidation during storage
Inhibit lipid oxidation

Inhibits lipid oxidative rancidity in peanuts

Shelf life enhancement of sausage

Reduced lipid oxidation
Inhibit lipid oxidation
Inhibition of Pseudomonas and psychrotrophic

bacteria in the stored ground beef
Inhibition of ipid oxidation

reduced TBARS value and biogenic amine
formation

Reduced lipid oxidation in cooked pork patties

Reduced lipid oxidation in raw and cooked pork
sausages

Extract significantly inhibit protein and lipid
oxidation in patties

Films exhibit good barrier and mechanical
properties

Potential antimicrobial activity during the
storage of lamb meat

References

Siripatrawan and Harte
(2010)

Banon et al. (2007)

Rababah et al. (2011)
Wojciak et al. (2011)
Wambura, Yang, and
Mwakatage (2011)
Sebranek, Sewalt,

Robbins, and Houser
(2005)

Akarpat et al. (2008)
Wojciak et al. (2011)
Alp and Aksu (2010)

Karabacak and Bozkurt
(2008)

Hayes, Stepanyan,
O’Grady, Allen, and
Kerry (2010)

Hayes, Stepanyan,
Allen, O’grady, and
Kerry (2011)
Botsoglou et al. (2014)

da Rosa, Vanga,
Gariepy, and Raghavan
(2020)

Martiny, Raghavan,
Moraes, Rosa, and
Dotto (2020)
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Table 1.1 Application of leaf extracts in the food industry. Continued

Plant
Mint

Drumstick

Betel

Murta
Ginkgo
Curry
Lotus

Myrtle
Satureja

Amaranth
Mango

Blueberry
Cork oak

Genus

Mentha

Moringa

Piper

Ugni
Gingko
Murraya
Nelumbo

Myrtus
Satureja

Amaranthus
Mangifera

Vaccinium

Quercus

Species

Spicata

Oleifera

Betel

Molinae

Biloba

Koenigii
Nucifera

Thymbra

Tricolor
Indica

Corymbosum
Suber

Uses

Antioxidant
Antimicrobial
Antioxidant
Antioxidant
Antioxidant

Antioxidant

Antimicrobial

Antimicrobial
Antioxidant

Antioxidant

Antioxidant
Antioxidant

Antioxidant
Antioxidant

Antioxidant

Antioxidant
Antimicrobial

Antioxidant
Antioxidant

Application
industries

Meat

Pork meat

Goat meat patties
Pork patties

Raw beef

Packaging films

Packaging films

Packaging films

Pork meat

Porcine and bovine
ground meat

Beef patties

Packaging for potato
chips

Chicken and fish
Packaging films

Packaging films
Meat

Remarks

Potential antimicrobial and antioxidant agent
improving the shelf life of meat

Minimize lipid oxidation in pork products

Protect goat meat patties against oxidative
rancidity

Inhibit lipid oxidation in ground pork patties

Significantly reduced the TBARS value of
modified atmosphere packaged raw beef

Inhibitory activity against the growth of Gram
positive and Gram negative bacteria,

Barrier properties of packaging film such as
ultraviolet protection, water vapor and oxygen
permeation increased

Enhanced antimicrobial and antioxidant
properties of packaging films

Excellent antioxidant properties of packaging
films, improved barrier properties against UV
light and moisture

Minimize lipid oxidation in pork products
Inhibiting meat oxidation

Reduced lipid oxidation
Protects fried potato chips against oxidation

Inhibit bacterial growth and oxidative rancidity

Extract based films showed good mechanical,
UV-light barrier, antioxidant and antimicrobial
properties

Enhanced antioxidant activity of packaging films
Inhibit lipid oxidation in cooked meat

References

Kanatt et al. (2008)

Biswas, Chatli, and
Sahoo (2012)

Das et al. (2012)

Muthukumar et al.
(2014)

Shah et al. (2015)

Nouri and Nafchi
(2014)

Hauser et al. (2016)

Li, Miao, Wu, Chen,
and Zhang (2014)

Biswas et al. (2012)
Huang et al. (2011)

Akarpat et al. (2008)
Choulitoudi,
Velliopoulou,
Tsimogiannis, and
Oreopoulou (2020)

Kanatt (2020)
Bastante et al. (2021)

Han and Song (2021b)
Lavado et al. (2021)
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were applied in meat for shelf life enhancement by Das, Rajkumar, Verma, and Swarup (2012),
Muthukumar, Naveena, Vaithiyanathan, Sen, and Sureshkumar (2014) and Shah, Bosco, and Mir
(2015). These leaf extracts are rich source of phenolic compounds, which reduce lipid and protein
oxidation in meat and meat products. The barley leaf extract is effective for retarding lipid oxida-
tion in ground pork (Choe et al., 2011).

Tea extract is one of the most popular leaf extracts used for food applications due to the abun-
dance of active compounds. The predominant bioactive components in tea extract are flavanols, fla-
vonoids, phenolic acids, etc. These extracts are widely applied in meat and other food products to
delay the lipid oxidation and to enhance their shelf-life (Banon, Diaz, Rodriguez, Garrido, & Price,
2007; Rababah et al., 2011; Wojciak, Dolatowski, & Okon, 2011). Roasted coffee extracts are rich
sources of antioxidants and effective for lowering the lipid oxidation in beef (Lin, Toto, & Were,
2015).

Herb extracts are excellent source of active compounds, which improve the quality of food pro-
ducts. Extract of rosemary, sage, and marjoram were used to minimize the lipid oxidation, enhance
the color and sensory properties of irradiated ground beef (Mohamed, Mansour, & Farag, 2011).
Extracts of peony, sappanwood, rehmania, and angelica with antioxidant properties were used in
the meat industry (Han & Rhee, 2005). These herbal extracts effectively reduced lipid oxidation
and improved the quality of ground meat. Epazote herb extracts were used as antioxidants in
ground beef by Villalobos-Delgado, Gonzéalez-Mondragén, Ramirez-Andrade, Salazar-Govea, and
Santiago-Castro (2020). The epazote extract effectively prevented the lipid oxidation and enhanced
the sensory attributes of beef.

Plant extracts have been used as an important ingredient in active packaging films. Bastante
et al. (2021) impregnated the mango leaf extract into packaging films and showed the antimicrobial
activity against gram positive and gram negative bacteria. Han and Song (2021b) developed the
active packaging material by incorporating the blueberry leaf extract into polysaccharide based
films. Sago starch film incorporated with betel leaf extract showed inhibitory activity against the
bacteria and also improved mechanical properties of developed packaging films (Nouri & Nafchi,
2014). Coffee and cocoa extracts were used in polylactide films for food packaging applications
(Moraczewski et al., 2019). Tea extracts are used as antimicrobial and antioxidant agents in active
packaging films (Siripatrawan & Harte, 2010).

Fruits and vegetables

Fruits are diverse in nature and grown in different geographical regions such as temperate, tropical,
sub-tropical, and arid zones of the world. Fruits are rich sources of different types of functional
compounds. Extracts are obtained from different sources and varieties of fruits. These extracts are
rich sources of phenolic compounds and include phenolic acids, stilbenes, lignans, flavonoids, and
tannins or proanthocyanidins. The most abundant phenolic compounds in the fruits are phenolic
acids such as derivatives of benzoic and cinnamic acids and flavonoids. These special compounds
of fruit extracts have considerable applications in food industry. Extracts are obtained from differ-
ent fruits such as grape, blueberry, raspberry, pomegranate, murta, chestnut, etc. have been pre-
pared by various extraction technologies and are used in different types of food products such as
meat, cheese, poultry and fish (Table 1.2).



Table 1.2 Application of fruit extracts in the food industry.

Plant

Black
mulberry

Chestnut
Chestnut

Jabuticaba

Hawthorn

Murta

Red
raspberry

Blueberry

Carob

Genus

Morus

Castanea
Castanea

Myrciaria

Crataegus

Ugni

Rubus

Vaccinium

Ceratonia

Species

Nigra

Sativa
Sativa

Jaboticaba

Pinnatifida

Molinae

Strigosus

Vitis-idaea

Siliqua

Uses

Antioxidant
Antimicrobial

Antioxidant
Antimicrobial

Antimicrobial

Antioxidant
Color
enhancer

Antioxidant

Antioxidant
Antimicrobial

Packaging
aid

Antioxidant

Antioxidant

Application
industries

Beef patties

Packaging films for
pasta

Cheese

Bakery products

Beef and chicken
breast meat

Packaging films

Packaging films

Lard

Cooked pork

Remarks

Lipid oxidation and
microbial growth
decreased during storage,
improving redness of
patties

Prevents microbial
spoilage of pasta
Potential antimicrobial
properties

Enhances the nutritional
value and color of product

Inhibition of heterocyclic
aromatic amine
formation at higher
temperature

Improved mechanical,
antioxidant and
antimicrobial properties
Enhanced tensile strength
and percent elongation at
break

Delayed the oxidation of
packaged lard

Reduce fat oxidation

References

Turan and Simgek (2021)

Korge, Bajic et al. (2020)
Korge, geme, Bajic, Likozar, & Novak, (2020)

Albuquerque et al. (2020)

Tengilimoglu-Metin et al. (2017)

de Dicastillo et al. (2016)

Wang et al. (2012)

Zhang et al. (2010)

Bastida et al. (2009)
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Howthorn fruit extracts were used in beef and chicken breast meat by Tengilimoglu-Metin,
Hamzalioglu, Gokmen, and Kizil (2017). Howthorn extracts reduced the formation of carcinogenic
heterocyclic aromatic amine in meat. Acorn fruit extract exhibited the potential antioxidant activity
in raw chicken meat during refrigerated storage (Oziinlii, Ergezer, & Gokce, 2018). This extract
inhibited the lipid oxidation and also enhanced the flavor of the chicken meat. Black mulberry fruit
extracts were used in beef patties stored under aerobic and vacuum packaged conditions (Turan &
Simsek, 2021). The black mulberry extracts were rich in phenolics and anthocyanins and showed
remarkable effect on antioxidant, antimicrobial and color properties of patties. Mulberry extract
decreased the lipid oxidation and microbial spoilage and prevented the formation of metmyoglobin
and improved the redness in patties. Red pitaya fruit extract acted as an antioxidant and natural col-
orant in pork patties (Bellucci, Munekata, Pateiro, Lorenzo, & da Silva Barretto, 2021). Bastida
et al. (2009) used carob fruit extract in cooked pork.

Blueberry fruit extract is used in active packaging films (Zhang et al., 2010). Raspberry fruit
extract is used in soy protein based packaging films (Wang et al., 2012). The murta fruit extract is
incorporated in methyl cellulose based films (de Dicastillo, Bustos, Guarda, & Galotto, 2016).
Korge, Bajic, Likozar, and Novak (2020) used chestnut fruit extract in chitosan films for shelf life
enhancement of pasta.

Vegetables are also used for the production of plant extracts. Vegetables are rich in phenolic
compounds, flavonoid glycosides, carotenoids, tannins, vitamins C and E. Furthermore, attention
has been given to the extracts from waste material of vegetables, which are also good sources of
bioactive compounds. Vegetable-based extracts have widely used in the food industry such as meat
products, fish products, and poultry products, etc. Chamnamul (Pimpinella brachycarpa), fatsia
(Aralia elata), chinese chives (Allium tuberosum), broccoli (Brassia oleracea) exhibit signifiant
antioxidant and antimicrobial properties. These extracts were used as prevertaive for the shelf life
enhancement of raw beef patties (Kim, Cho, & Han, 2013). The extract of broccoli are rich in phe-
nolic antioxidants which have excellent radical scavanning capacity. The extract significantly
reduced the lipid peroxidation and improved the shelf life of goat meat nuggets (Banerjee et al.,
2012). Potato extracts used in fresh and precooked beef patties improved their shelf life stability
and sensory characteristics (Colle et al., 2019). Red pepper extract was used in cooked pork by
Wojciak et al. (2011). Sweet pepper extract was used in refrigerated pork by Ferysiuk et al. (2020).

Peel and skin

Peel is considered as a waste of the food processing and represents a good percentage and an excel-
lent source of photochemical compounds. Peel is superior in antioxidant potential as compared to
pulp. Peel extracts have potential application as antimicrobial and antioxidant agents in various
food products (Table 1.3). Kinnow and pomegranate peel extracts were applied to goat meat patties
(Devatkal, Narsaiah, & Borah, 2010). Pomegranate peel extract was used in ground goat meat and
nuggets (Devatkal, Thorat, & Manjunatha, 2014). Kanatt, Rao, Chawla, and Sharma (2012) used
pomegranate peel extract into chitosan based films. Potato peel contains phenolic compounds and
glycoalkaloids which showed the potential applications in food industry (Sampaio et al., 2020).
Pitaya peel extracts were used to improve the oxidative stability of refrigerated ground pork patties
(Cunha et al., 2018). Chitosan packaging films were incorporated with banana peel extract by



Table 1.3 Application of peel extracts in the food industry.

Plant

Pomegranate

Blood
orange

Kiwifruit
Banana

Pitaya

Genus

Punica

Citrus

Actinidia
Musa

Hylocereus

Species

Granatum

Sinensis

Chinensis
Paradisiaca

Costaricensis

Uses

Antibacterial
Antioxidant

Antioxidant
Packaging
aid

Antimicrobial

Antimicrobial
Antioxidant

Antimicrobial
Antioxidant
Antioxidant

Antioxidant

Antioxidant

Application
industries

Raw pork

Ground goat
meat and
nuggets

Packaging
films

Packaging
films

Sausages

Cheese

Chicken
meat
Packaging
films

Pork patties

Remarks

Reduce numbers of pathogenic bacteria, color
degradation and lipid oxidation in raw pork

Significantly reduced TBARS value

mechanical properties, antioxidant properties
and antibacterial properties considerably
increased

Antimicrobial activity of extract were more
pronounced against gram-positive as compared
to gram-negative bacteria

Reduces lipid oxidation and microbial growth

Enhancing the microbial stability of cheese
during storage, improving nutritional value of
cheese

Retarded lipid oxidation in chicken thigh meat

Films exhibit excellent antioxidant activity

Enhanced oxidative stability

References

Shan, Cai, Brooks, and Corke
(2009)

Devatkal et al. (2014)

Moghadam, Salami,
Mohammadian, Khodadadi,
and Emam-Djomeh (2020)

Emam-Djomeh, Moghaddam,
and Yasini Ardakani (2015)
Aliyari et al. (2020)

Jridi et al. (2020)

Han and Song (2021a)
Zhang et al. (2020)

Cunha et al. (2018), Cunha
et al. (2021)




1.2 Plant parts used for the preparation of extracts 9

Zhang et al. (2020). The developed films showed excellent antioxidant activity and enhanced the
shelf life of apple fruit during storage.

Yu, Ahmedna, and Goktepe (2010) utilized the peanut skin extract for raw and cooked ground
beef for shelf life enhancement. They reported that peanut skin extracts inhibit lipid oxidation and
enhance the shelf life of beef. The addition of rice bran extracts in meat products have been
reported to increase the nutritional value, retard the oxidative degradation, and increase the health
promoting properties (Kim, 2000). Hao and Beta (2012) incorporated the barley hull and flaxseed
hull extracts into Chinese steamed bread. These extracts significantly increased the phytochemical
profile and antioxidant capacity of developed bread. Rye and wheat bran extracts containing pheno-
lic compounds were tested in beef hamburgers (§u1niﬁté, Jaime, Rovira, & Venskutonis, 2016).
The bran extracts showed promising results by inhibiting the production of oxidation products, hex-
anal and malondialdehyde during storage. Furthermore, these extracts also enhanced the nutritional
profile of beef hamburgers.

Seeds

Seed is one of the inedible parts of fruits and vegetables, which is considered as a waste in the
food industry. Nowadays, seed extracts have been widely used in food products as a source of natu-
ral ingredients in the food industry, as these are rich sources of diverse bioactive compounds
(Table 1.4). Grape seeds have been used for wide applications in the food industry. Grape seeds
extracts are rich in phenolic compounds such as catechin, epicatechin, proanthocyanidin, gallate,
flanonols, etc. (Chen et al., 2020). Grape seed extract was used for shelf life enhancement of meat
(Reddy et al., 2013), sausage (Jayawardana et al., 2011) and Suisse cheese (Deolindo et al., 2019)
due to its potential antioxidant properties. Tajik, Farhangfar, Moradi, and Razavi Rohani (2014)
investigated the effect of grape seed extract on lipid oxidation of buffalo meat patties during stor-
age. Grape seed extract were used in restructured mutton for shelf life enhancement stored at refrig-
erated temperatures by Reddy et al. (2013). This extract was also evaluated in roasted chicken
stored under modified atmospheric packaging (Guo et al., 2020). Grape seed extract contains poten-
tial antioxidant properties which inhibit the lipid oxidation and was used in raw and cooked ground
muscle during different storage conditions (Brannan & Mah, 2007). This extract was also used in
frankfurters (Ozvural & Vural, 2012). The grape fruit seed extract was incorporated in carrageenan-
based packaging films by Kanmani and Rhim (2014) and Tan et al. (2015). Sivarooban,
Hettiarachchy, and Johnson (2008) used the grape seed extract in soy protein based films.

Baobad seed extracts were used to assess the qualities of beef patties (Al-Juhaimi et al., 2020).
Baobad extract showed good antioxidant potential and antibacterial properties, which help to
improve the storage stability of beef patties. Guarana seed extract is a power source of phenolic
antioxidant used in food industry. Guarana extract preserves the color and also protects the patties
against lipid and protein oxidation (Pateiro et al., 2018). Adzuki bean extract has been utilized for
cured and uncured cooked pork sausages (Jayawardana et al., 2011). The extract effectively
reduced the lipid oxidation and results are par with the artificial antioxidants.

Spice seeds posses excellent antioxidant activity because of the presence of flavonoids, carote-
noids, terpenoids, polyphenolics, coumarins, and curcumins. Zhang, Kong, Xiong, and Sun (2009)
used extracts of pepper, aniseed, fennel, cardamom etc. in modified and vacuum packaged pork.
The extracts of these spices was capable of inhibiting the spoilage causing microorganisms such as



Table 1.4 Application of seed extracts in food industry.

Plant

Grape

genus

Vitis

species

Vinifera

uses

Antimicrobial

Antioxidant

Antioxidant

Antioxidant

Antioxidant

Antioxidant
Flavor enhancer

Antioxidant
Color enhancer

Antioxidant

Antioxidant
Antimicrobial

Antioxidant

Antioxidant
Antioxidant

Antimicrobial,
flavor and color
enhancer

Application
industries

Active packaging
films

Active packaging
films

Refrigerated cooked
beef and pork patties

Frozen, vacuum
packaged beef and
pork patties

Beef patties

Beef sausage

Raw and cooked goat
meat

Frankfurters

Restructured mutton
slices

Raw and cooked
ground muscle

Mayonnaise

Prevents shrimp
discoloration

Fresh produce

Remarks

Extract increased the thickness, puncture and
tensile strength of packaging films
Showed inhibitory activity against microbes

Extract improved the barrier to UV light and
moisture of packaging films,

Films posses excellent antioxidant activity
Reduces oxidative rancidity

Reduces oxidative rancidity

Reduces oxidative rancidity

Reduces oxidative rancidity

Reduces lipid oxidation

Reduces oxidative rancidity
Reduces oxidative rancidity

Reduces oxidative rancidity

Reduces oxidative rancidity
Inhibition melanosis in shrimp

Modified color and flavor

References

Sivarooban et al. (2008)

Li et al. (2014)

Rojas and Brewer (2007)

Rojas and Brewer (2008)

Colindres and Susan
Brewer (2011)
Kulkarni, DeSantos,
Kattamuri, Rossi, and
Brewer (2011)
Rababah et al. (2011)

Ozvural and Vural (2012)
Reddy et al. (2013)

Brannan and Mah (2007)

Altunkaya et al. (2013)

Gokoglu and Yerlikaya
(2008)

Hollis et al. (2020)




Grapefruit

Cumin
Guarana

Baobab

Citrus

Nigella
Paullinia

Adansonia

Paradisi

Sativa

Cupana

Digitata

Antimicrobial

Antimicrobial

Antimicrobial

Antimicrobial

Antimicrobial
Antioxidant

Antimicrobial

Antioxidant
Antioxidant
Antimicrobial
Enhances color
Antimicrobial
Antioxidant

Packaging films
Packaging films

Packaging films

Packaging films

Salmon packaging
Strawberry packaging
Beef patties

Pork patties

Beef patties

Improved antimicrobial activity of packaging
film

Bacteriocidal and bacteriostatic capacity
against different food borne pathogens
Strong antimicrobial activity against various
Gram-positive and Gram-negative food borne
pathogens

Antimicrobial activity of packaging film,
Extract increased the elongation at break of
films

Increased shelf life of packaged salmon

Extract increased the shelf life of packaged
strawberries

Reduces oxidative rancidity

Enhances shelf life,
Protect patties against protein and lipid
oxidation

Improves lipid and microbial stability

Lim, Jang, and Song
(2010)

Wang, Lim, Tong, and
San Thian (2019)
Kanmani and Rhim (2014)

Tan et al. (2015)

Song, Shin, and Song
(2012)

Jang, Shin, and Song
(2011)

Rahman et al. (2021)
Pateiro et al. (2018)

Al-Juhaimi et al. (2020)
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Listeria monocytogenes, Escherichia coli, and Pseudomonas fluorescens in pork. Black cumin
extract used in beef patties shows excellent antioxidant activity and enhances the shelf life during
refrigerated storage (Rahman, Alam, Monir, & Ahmed, 2021).

Flowers

Many species of flowers are considered as more than a delicacy or a garnish due to their nutritional
value and the presence of special compounds. Flowers have attained significant attention during the
recent years in food industry. Floral extracts contain abundant active compounds exhibiting rich
bioactivity and promising health beneficial properties. Flower extracts are endowed with antioxi-
dant, antimicrobial, color, and flavoring properties. Flower extracts have been incorporated in many
products such as meat, beverages, packaging films, sausages etc. (Table 1.5)

Chrysanthemum morifolium flower extract was incorporated in goat meat patties cooked at dif-
ferent temperature (Khan et al., 2019). The flower extracts are effective for decreasing the hetero-
cyclic amines in deep fried patties. Karabacak and Bozkurt (2008) utilized the Urtica dioica and
Hibiscus sabdariffa L. flowers extracts in Turkish fermented sausage. Litchi flower extracts were
found to be rich source of antioxidant used in pork meatballs significantly reduced the lipid and
protein oxidation in frozen cooked meat products (Ding, Wang, Yang, Chang, & Chen, 2015). The
incorporation of marigold flower extract into packaging film was found to be effective for enhanc-
ing the oxidative stability of fatty foods (Samsudin et al., 2014). Wang, Wang, Tong, and Zhou
(2017) explored the use of honeysuckle flower extract in chitosan films for active food packaging.
Extract-based films showed the potential application in food industry. Pullulan packaging films
were incorporated with meadow sweet flower extracts. These extracts have excellent antimicrobial
properties, which improve the shelf life and market value of apples (Gniewosz et al., 2014).

Barks

Tree bark is a major byproduct produced from the pulp and paper industries as well as during the
processing of wood. Bark contains higher amounts of phenolic compounds as compared to wood,
which plays an important role in the defense mechanisms. Limited studied are available on the
exploitation of tree bark extract for food applications (Table 1.6). Pine bark extract is a source of
flavanols and flavonoids such as catechin and taxifolin and have been used as antioxidant in meat
industry (Marmol, Quero, Jiménez-Moreno, Rodriguez-Yoldi, & Ancin-Azpilicueta, 2019). Han,
Yu, and Wang (2018) observed that pine bark extract is a good source of oligomeric procyanidins
and has excellent antioxidant activity. These authors used this extract into packaging films which
showed the antimicrobial and improved barrier properties. Edible films were prepared from hydro-
xypropyl methylcellulose and K-carrageen and incorporated with cork bark extract (Zhang, Sun, Li,
& Wang, 2021). The developed packaging films incorporated with bark extract were endowed with
potential antimicrobial and antioxidant properties. Tayel and El-tras (2012) used cinnamon bark
extract in ground beef. Antimicrobial and antioxidant properties of Citrus paradise fruit bark
extracts were investigated in turkey sausage. The results demonstrate that bark extracts reduced the
lipid oxidation and microbial storage of turkey sausage during storage (Sayari et al., 2015).



Table 1.5 Application of flower extracts in food industry.

Plant
Litchi

Marigold
Meadowsweet
Bitter orange
Florist’s daisy

Broccoli

Hibiscus

Genus

Litchi

Tagetes
Filipendulae
Citrus
Chrysanthemum

Brassica

Hibiscus

Species

Chinensis
Erecta
Ulmariae
Aurantium
Morifolium

Oleracea

Sabdariffa

Uses

Antioxidant

Antioxidant

Antimicrobial

Antimicrobial

Preservative

Antioxidant
Nutrient
enhancer

Antioxidant

Application
industries

Pork meatballs
Fatty foods
Apple fruit
Rice pudding
Goat meat
patties

Goat meat

nuggets

Fermented
sausage

Remarks

Reduced lipid peroxidation and protein
degradation in meat balls

Reduces oxidative rancidity
Protects fruit from bacterial and mold growth

Potential preservative against food spoilage
microorganisms

Reduces formation of heterocyclic amines in pan
and deep fat frying

Reduced TBARS value, improves phenolic
content

Reduced TBARS value and biogenic amine
formation

References

Ding et al. (2015)

Samsudin et al.
(2014)

Gniewosz et al.

(2014)

Degirmenci and
Erkurt (2020)

Khan et al. (2019)
Banerjee et al. (2012)

Karabacak and
Bozkurt (2008)
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Table 1.6 Application of bark extracts in food industry.

Application
Plant Genus Species Uses industries Remarks References

Pine bark | Pinus Densiflora | Antioxidant Meat Inhibit protein Marmol et al.
and lipid (2019)
oxidation in
meat
Antioxidant Packaging Extract improved | Han et al.
films thermal stability, (2018)
water and
oxygen barrier
properties of
films
Grapefruit | Citrus Paradisi Antioxidant Sausage Minimize lipid Sayari et al.
Antimicrobial oxidation and (2015)
improve
microbial
stability
Cork bark | Quercus Suber Packaging Packaging Enhanced Zhang et al.
aid films flexibility and (2021)
light resistance
of films,
improved
antioxidant and
antimicrobial
properties
Cinnamon | Cinnamomum | Verum Antimicrobial | Raw pork Reduce number Shan et al.
Antioxidant of pathogenic (2009)
bacteria and
lipid oxidation in
raw pork
Antioxidant Chicken Improves Chan et al.
meat oxidative (2014)
stability and
redness of
chicken meat
balls

Roots

Roots have been studied for their potential health benefits as they are rich source of phytochemical
compounds. Root extracts have been also used in various food applications (Table 1.7). Chinese
chive (A. tuberosum) root extract is a good source of polyphenols and antimicrobial compounds
(Riaz et al., 2020). Chive root extract has been used in packaging films in the food industry. The
incorporation of liquorice extract into biocomposite films prevents the food from lipid oxidation
(Singh, Agrawal, Mendiratta, & Chauhan, 2021). Chicory root extract shows potential antimicrobial
activity in biodegradable starch films (Jaskiewicz et al., 2020). The utilization of lotus root extract
in the pork patties led to the inhibition of lipid oxidation (Shin, Choe, Hwang, Kim, & Jo, 2019).
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Plant

Chinese
chive

Beetroot

Carrot

Licorice

Hooker
chives
Lotus

Kudzu

Chicory

Genus

Allium

Beta

Daucus

Glycyrrhiza

Allium
Nelumbo

Pueraria

Cichorium

Species

Tuberosum

Vulgaris

Carota

Glabra

Hookeri
Nucifera

Radix

Intybus

Uses

Antimicrobial
Antioxidant

Antioxidant

Antioxidant

Antioxidant
antimicrobial

Preservative

Antioxidant

Nutrient
enhancer

Antimicrobial

Table 1.7 Application of root extracts in food industry.

Application
industries

Packaging
films

Packaging
films

Packaging
films

Packaging
films for
chhana balls
Pork patties

Pork patties

Beef patties

Packaging
films

Remarks

Extract improved
physical properties,
decreased water vapor
permeability, films
exhibited good
antioxidant and
antimicrobial property
Protect polymer against
photo-degradation,
plasticizing property
Protect polymer against
photo-degradation,
plasticizing property
Protects against
microbial spoilage and
lipid oxidaiton

Retards lipid oxidation

Reduces oxidative
rancidity
Increased nutritive
value of patties

Broad-spectrum
inhibitory effect on
microbial growth

References

Riaz et al.
(2020)

Akhtar

et al.
(2012)
Akhtar

et al.
(2012)
Singh et al.
(2021)

Cho et al.
(2015)
Shin et al.
(2019)
Kumari,
Raines,
Martin,
and
Rodriguez
(2015)
Jaskiewicz
et al.
(2020)

Beetroot is known as a health promoting food due to the presence of special compounds such as
phenolics, carotenoids, vitamins, ascorbic acids, and betalains that promote health. The beetroot
extract is used as a coloring and antioxidant agent in different types of food products such as jams,
jellies, breakfast cereals, ketchups, dairy products, candy, etc. (Chhikara, Kushwaha, Sharma, Gat,
& Panghal, 2019). Akhtar et al. (2012) exploited beetroot and carrot extracts in the hydroxypropyl
methylcellulose film.

1.3 Conclusion

In the food industry, various synthetic additives are used as antimicrobial, antioxidant, flavoring,
and coloring agents. However, the use of synthetic additives is limited because of their negative
health effects. Recently, plant extracts have gained increased popularity in the food industry and
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will reduce the application of artificial additives. Furthermore, the demand from consumer and mar-
ket trend for natural additives leads to the identification and extraction of compounds from plant
sources. In this regard, extracts from fruits and vegetables, spices and herbs and plantation crops
are being used for different applications in the food industry as preservative, nutrient enhancer, as
well as coloring and flavoring agents.
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