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Plant extracts are rich in various bioactive compounds exerting antioxidants effects, such as phenolics, catechins,
flavonoids, quercetin, anthocyanin, tocopherol, rutin, chlorogenic acid, lycopene, caffeic acid, ferulic acid, p-coumaric acid,
vitamin C, protocatechuic acid, vitamin E, carotenoids, 3-carotene, myricetin, kaempferol, carnosine, zeaxanthin, sesamol,
rosmarinic acid, carnosic acid, and carnosol.
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| 1. Introduction

The meat industry’s focus is shifting towards antioxidants that are novel, efficient, economical, green, or natural
alternatives to potentially harmful synthetic preservatives. There has been an ever-increasing effort by the meat industry
to explore novel, effective and edible antioxidants and antimicrobials compounds obtained from natural sources. Recently,
there have been renewed interests in applying natural compounds (plant extracts, herbs, spices) in food preservation.
Since ancient times, these additives have been added to foods as flavorings/seasonings, folk medicine, and food
preservatives owing to antioxidant, bacteriostatic or bactericidal properties of polyphenolic compounds, and essential oils.
The consumption of these compounds is known to exert beneficial effects on consumer’s health in addition to their
preservative role. These herbs, spices, essential oils, or plant extracts exhibit various protective actions against the
occurrence of diseases, and thus are widely used as potential green alternatives to food additives, preservatives, and
dietary supplements.

Natural antioxidants are safe to consume, available in large quantities at a relatively lower price than their synthetic
counterparts, and can be extracted and applied in the meat industry . These compounds are abundantly present in the
vegetable kingdom, such as in spices, herbs, and essential oils, with their concentration varying in throughout a plant, for
example bark in the cinnamon and arjuna trees, the roots of liquorice, rosemary, cloves, and grape seeds, and the leaves
of oregano and tea. Natural antioxidants are recognized as nutraceutical ingredients or supplements that can be used for
raw meat and/or meat products [@. The commonly used spices and herbs (such as oregano, rosemary, cinnamon,
aniseed, fennel, basil, garlic, and ginger) are rich in phenolic compounds like phenolic acids, phenolic diterpenes,
flavonoids, volatile oils, carnosic, caffeic, and chlorogenic acid. In their B rings, these polyphenols have 30-40 dihydroxy
groups, and galloyl ester in the C rings of flavonoids can bind iron, making these compounds very potent antioxidants .
Phenolic compounds are lipid-soluble, owing to the hydroxyl group present in their chemical structure; they react with
microbes’ cellular membranes, leading to loss of cell membrane integrity and, thus, antimicrobial effect. Fruits such as
apple, plum, grape, pomegranate, and several types of berries, such as blueberries, cranberries, and bearberries, which
are all good sources of antioxidants, owing to their high concentrations of flavonoids.

| 2. Plant Extracts as Natural Antioxidants

At present, various plant extracts are increasingly being explored in meat products as potential natural antioxidants for
improving oxidative stability due to the potent antioxidant potential of these compounds in the meat matrix. The
antioxidant attributes of these plant extracts are due to flavonoids (flavanol, flavones, anthocyanins), phenolic acid
(hydroxybenzoic, hydroxycinnamic acids), diterpenes tannins (hydrolyzable and condensed tannins), stilbenes,
coumarins, lignans, quinones, curcuminoids, and others including phenolic alkaloids, phenolic glycosides, phenolic
terpenoids, and essential oil) 4B, Tea phenolics, such as epigallocatechin gallate (EGCG), have antioxidant potential in
terms of their having electron reduction (550 mV) potential comparable to alpha-tocopherols or vitamin E (480 mV) (€,

The antioxidant potential of these plant extracts can be measured by assessing their free radical-scavenging ability or by
measuring the compounds associated with lipid and protein peroxidation. The free radical-scavenging ability of the plant
extract is measured spectrophotometrically by using stable radicals, such as 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-
scavenging activity or percent inhibition or 2-2-azinobis-3ethylbenthiazoline-6-sulphonic acid (ABTS) radical cation activity



or percent inhibition, by measuring the ability of antioxidants to quench stable DPPH* or ABTS" radical cations,
respectively, in ferric reducing antioxidant power (FRAP) by assessing the reduction of ferric-TPTZ (2,4,6-tri(2-
pyridyl)-1,3,5-triazine (TPTZ) into ferrous from ferric thiocyanate assay (FTC), nitric oxide scavenging (NOS),
aldehyde/carboxylic acid assay (ACA), superoxide scavenging, oxygen radical absorbance capacity (ORAC) and total
antioxidant capacity (TAC). The antioxidant potential of the plant extract can also be measured by various compounds
associated with lipid peroxidation (malonaldehyde formation, thiobarbituric acid reacting substances [TBARS], peroxide
value [PV], free fatty acids [FFA]), protein oxidation (carbonyl formation, free thiols, conjugated diene) and beta carotene
bleaching assay. Figure 1 depicts the antioxidant activity of the bioactive compounds extracted from plant biomass.
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Figure 1. Overview of the antioxidant activity of the bioactive compounds extracted from a plant biomass source &l
DPPH-1,1-diphenyl-2-picrylhydrazyl radical-scavenging activity, ABTS-2-2-azinobis-3ethylbenthiazoline-6-sulphonic acid
radical cation activity, FRAP—ferric reducing antioxidant power, SASA-superoxide anion-scavenging ability, FTC—ferric
thiocyanate assay, NOS—nitric oxide scavenging, TBARS-thiobarbituric acid-reacting substances, FFA—free fatty acids,
PV—peroxide value.

| 3. Plant Extracts as Natural Antioxidants in Meat

The most common method of applying these extracts in meat processing is mixing them with water (mostly for water-
soluble extracts; for organic solvent-assisted extracts, it is advised to mix in vegetable oil or fat) during preparation. It
ensures the homogenous distribution of extracts in the product. The overall oxidative stability of products depends upon
the concentration of the extracts; the higher the extract concentration, the greater the antioxidant effect. Phenolics,
catechins, flavonoids, quercetin, anthocyanin, tocopherol, rutin, chlorogenic acid, lycopene, caffeic acid, ferulic acid, p-
coumaric acid, vitamin C, protocatechuic acid, vitamin E, carotenoids, [-carotene, myricetin, kaempferol, chrysin,
carnosine, zeaxanthin, sesamol, rosmarinic acid, chlorophyll, carnosic acid, carnosol, and gallic acid are compounds,
present in plants, possessing antioxidant potential [,

The important bioactive compounds present in various plant biomass and their meat application as natural antioxidants
are described next.

Moringa oleifera a common vegetable in South Asian and African countries, is widely explored for its use as natural
preservatives, owing to its various bioactive compounds viz. rhamnetin, isoquercitrin, kaempferol, kaempferitrin, saponins,
triterpenoids, tannins, anthraquinones, alkaloids, and terpenoids 9, with concentration varying with the maturity of the
plant and climatic and geographical conditions. M. oleifera is a rich source of protein, provitamins, vitamin C, A and E,
zinc, calcium, iron, and potassium along with anti-cancerous agents such as glycerol-1-9-octadecanoate, glucosinolates,
isothiocyanates, and glycoside compounds.

Rosemary contains a high amount of rosmarinic acid, carnosol, and carnosic acid in extract, and eucalyptol, a-pinene-
bornyl acetate and camphor in rosemary essential oil 1112l Rosemary leaves were reported as a rich source of vitamin
C, as much as as 18.51 g/100 g raw materials and extracts (0.26 mg/100 mL aqueous, 0.34 mg/100 mL alcoholic, and
0.36 mg/100 mL acetonic) have been reportedly obtained 3. Monoterpenes hydrocarbons, esters, oxygenated
sesquiterpenes, phenol, sesquiterpene hydrocarbons, oxygenated monoterpenes, ketones, and alcohol are the primary
flavoring compounds of rosemary 2. Generally, camphor, caryophyllene, borneol, bornyl acetate, and verbenone are
chief compounds present in rosemary extracts. Peng et al. 14 advocated the application of supercritical fluids for the
extraction of rosemary extracts, as it is associated with saving time, maximizing yield, and inhibiting the conversion of
carnosic acid into carnosol. For rosemary stems, flowers, and leaves extracts, a suitable extraction methodology must be



adopted, as lipophillic solvents and water (in the case of fresh samples were reported to result in a significant loss of
phenols due to the action of phenoloxidase enzyme L5161,

Arjuna or Arjun tree (Terminalia arjuna) bark, stem, leaves, roots, and fruits are a rich source of various beneficial
bioactive compounds (polyphenols, flavonoids, triterpenoids, tannins, glycosides, sitosterol) and minerals. The Arjuna tree
bark was reported to have the highest concentration of flavonoids such as arjunolone, quercetin, flavones, kaempferol,
baicalein, and pelargonidin. Ethanolic and aqueous arjuna fruit extracts have been reported to contain a good amount of
total phenolics (11.04-16.53 mg gallic acid equivalents/g), exerting significant scavenging activity (50.02-58.62%) 111,

Cinnamon bark is considered a promising antioxidant source, even exhibiting antioxidant potential comparable to
synthetic antioxidants 18191 Most of the bark available in the market is Ceylon bark; dried bark (cork and cortex) of
shoots of tree Cinnamomum zeylanicum F. lauraceae, containing approximately 0.5-1.0 % of volatile oil made up of
50.5% cinnamaldehyde, 8.7% cinnamic acid, methoxycinnamaldehyde and cinnamyl acetate, and 4.7% eugenol 181,
Chan et al. 2% reported ahigher antioxidant efficacy of deodorized cinnamon in meatballs, and noted significantly reduced
lipid oxidation without causing any detrimental effects to its sensory attributes. Spices in the Lamiaceae family contain
high rosmarinic acid, the major phenol (ranging from 1086—2563 mg/100 g of dry-weight) 21, Rosmarinic acid possesses
strong antioxidant activity due to two ortho-dihydroxy groups in its structure. This compound can act as an antioxidant and
control the oxidation of low-density lipoproteins (LDLS). Rosmarinic acid also possesses anti-inflammatory activity by
stimulating interleukin-10 (IL-10) secretion [22],

Several studies have confirmed the anti-inflammatory activity of oregano extracts, which are aqueous extracts observed to
inhibit cyclooxygenase-2 (COX-2) secretion in epithelial carcinoma cells (23], and to exhibit anti-inflammatory properties by
controlling stress-induced gastritis and hypersensitivity 24, Oxidative stress leads to incorrect protein folding in the
endoplasmic reticulum. Kaempferol, an aglycone flavonoid widely present in aloe vera, ivy gourd, saffron coccus and
Peking spurge, is known to prevent hepatocellular carcinoma by controlling oxidative stress caused by reactive oxygen
species 22, Five bioflavonoids obtained from moss fern (Selaginella doederleinii) were observed to inhibit non-small cell
lung cancer cells by suppressing XIAP and survivin expression, increasing the upregulation of caspase-3/cleaved-
caspase-3, inducing cell apoptosis in A549 cells with low toxicity to non-cancer cells MRC-5 cells 28, The Kalmia
angustifolia extract exerted antioxidant, anti-inflammatory and anti-aging effects, at concentrations up to 200 pg/mL, by
enhancing the expression of elastin and collagen-1 4. Flavonoids, such as apigenin, myricetin, and luteolin, were
observed to exert anti-cancer effects against a range of human epithelial cancers by selectively reducing the viability of
cancer cells, the alteration of ROS signaling, and the arrest of cell multiplication 28, The extract of Polyalthia spp. is
known to exert antioxidant, anti-ulcer, anti-plasmodial, anti-cancer, anti-microbial and anti-inflammatory effects due to the
inhibition of COX-2 activity, inhibiting downstream prostaglandin E2 (PGE2) production, and inhibiting focal adhesion
kinase, phosphoinositide 3-kinase, 3-hydroxy-3-methylglutaryl co-enzyme A reductase, and dipeptidyl peptidase 4 22,

Clove exerts the most potent antioxidant activity among all spices and condiments commonly used in the food industry.
Carnosic acid and carnosol, tocopherols, carotenoids, and sterols are important active ingredients present in herbs. Clove
extracts mainly contain eugenol, caryophyllene, and eugenyl acetate. These two compounds have strong antioxidant
potential and are considered the main bioactive compounds responsible for the increased antioxidant activity of clove,
equivalent to vitamin E Y. While processing, n-hexane solvent was recorded to produce a better yield, with high
antioxidant activity (total flavonoid content- 15.54 mg GAE/g, total polyphenol content-54.05 mg GAE/g, FRAP = 0.69
mg/mL, DPPH = 0.29 mg/mL), and antimicrobial activity as compared with extracts obtained with other solvents (alcohol,
water, and petroleum ether) B, Clove extract, at 0.25%, reported exerting antimicrobial activity with an 8.8 mm-to-9.27
mm minimum inhibitory concentration, as seen in S. typhimurium and E. coli, respectively 11,

Citrus byproducts/coproducts viz. peel and pulp are a rich source of various active ingredients, such as dietary fiber,
minerals, vitamins, organic acids, flavonoids (ferulic, sinapic acids, and chlorogenic), phenolics (hesperetin, hesperidium,
diosmin, and narirutin), carotenoids (carotene, zeaxanthin, lutein) 2233134135 These compounds are applied in the meat
industry due to their associated health effects, such as antimicrobial, antioxidant, anticancer, anti-allergic, and
antihypertensive effects [2€. The antioxidant activity of different citrus extracts varies with the methodology of their
extraction, their fruit type, their environmental conditions, such as soil type and climate, their fruit-ripening stage, and their
harvesting time BZ28] Nayak et al. BY reported the high antioxidant potential of Citrus sinensis peel extracts obtained by
using microwave and ultrasound-assisted accelerated extraction technology at 337.16-433.09 mL/L DPPH (50%
inhibition). Aqueous and methanolic extracts of lemon pomace had high antioxidant potential, wherein the methanolic
extract exhibited higher antioxidant potential as compared with the aqueous extract, as measured in terms of DPPH assay
(0.17, 0.13 mg Trolox equivalents/g, respectively) and ABTS (0.403, 0.458 mg Trolox equivalents/g, respectively) 24,



Catechin, present in green tea, is a group of flavonoids (flavan-3-ols), especially epicatechin, epicatechin-3-gallate,
epigallocatechin (EGC), and epigallocatechin-3-gallate (EGCG), with EGC and EGCG regarded as the main active
principle in green tea, and which is studied for its various antioxidant effects in food processing. The incorporation of tea
catechins at 300 ppm in beef, duck, ostrich, pork, and chicken markedly reduced their TBARS values during refrigerated
storage and was noted to exert 2—4 times higher antioxidant potential as compared with vitamin E 1. Catechins reduced
the production of putrescine and tyramine in dry, fermented pork sausage. Green tea catechins (GTC) and green coffee
antioxidants (GCA) in linseed oil and fish oil, added in pork sausage at 200 mg/kg, decreased the lipid peroxidation of the
sausages during seven days refridgerated storage. A significantly decreased lipid oxidation rate and higher organoleptic
attributes were recorded in the fish- oil-substituted sausages 42!,

Grape seed extract has a larege amount of polyphenols (such as epicatechin, gallic acid, resveratrol, and procyanidin
dimers) and was reported to exert high antioxidant efficacy 43!, The antioxidant activity of grape seed is reported to be 20—
50 times greater vitamins E and C 24, due to its possessing proanthocyanidins and oligomers of flavan-3-ol units. Grape
seed extract (GSE) is the richest known source of polyphenolic compounds (catechins, flavanols, phenolic acids,
anthocyanins, and proanthocyanidins) and has 20-50 times more antioxidant potential as compared with vitamins E and
C, respectively 43481 | jbera et al. 2 prepared grape seed extract by heating a grape seed slurry in water at 5060 °C
under high pressure (100-175 hPa or 10000-17500 bar). The authors evaluated the antioxidant potential of grape seed
extract by incorporating it into pork neck containing Lactobacillus rhamnosus LOCK900 and reported that the lipid
oxidation (PV-1% oleic acid and TBARS-0.46 mg MDA/kg) in the extract-incorporated samples was comparable to
samples containing sodium ascorbate (PV-0.9% oleic acid and TBARS-0.53 mg MDA/KQ).

The aqueous extract of Cantharellus cibarius hads high antioxidant potential due to its high concentrations of polyphenols,
beta-carotene, and ascorbic acid, but has lower ABTS radical scavenging potency than vitamin C in cases where the
extract is prepared by the water-decoction method i.e., first smashing and grinding, followed by boiling in water to obtain
the extract 4849l The incorporation of Cantharellus cibarius water decoctions during the preparation of frankfurters, at
0.75- and 1.5% levels, resulted in significantly reducing the total plate counts with potent inhibitory action against Candida

albicans, and improved the sensory attributes of the frankfurters during 60 days of storage under refrigerated conditions
i),

The ethanolic extract of mesquite leaf of Proposis was reported to exert high antioxidant potential due to its total phenolic
content (278.5 mg GAE/g) and total flavonoid content (226.8 mg RE/g). The incorporation of the extract (0.05—0.10%)
during the preparation of pork patties resulted in significantly improved oxidative stability of the treated patties as
measured by theie marked reduction in TBARS value (90%) and conjugated dienes (40%) as compared with the positive
control, i.e., patties with BHT 9. The Carob (Ceratonia siliqua L.) tree is an underutilized tree of the Mediterranean
region. Carob has high dietary fiber content and has 1.2—-7.0% polyphenolic compounds, especially catechins, myricetin,
rutin, and gallic acid 4.

The various plant extracts utilized in meat as natural antioxidants are presented in Table 1.

Table 1. Plant extracts as a natural antioxidant in meat.

Experimental

Design (Level, Meat Significant Outcome

Plant Source Extraction Protocol (Extract Quality and Its Antioxidant Reference
Product, Storage .
Effect on Incorporation in Meat)
Temp, Days)
Overall acceptability of treated rolls
0.25%, chevon was higher than control,
Cinnamon barks Ethanol (90%), 60 °C, 9 h rolls, 4 +1°C, 35 significantly (p < 0.05) lower (52158541
days TBARS, FFA, PV, SPC, and
psychrophilic count
0.5%, chevon
Papaya leaves Ethanol (60%), 65 °C, 15 min  emulsion, 4+ 1 °C, TBARS, FFA and PV (p < 0.05) (551561
higher in control than treatments
9 days
2.5-fold reduction in TBARS value
Terminalia ariuna 1.0%, pork than control (0.79 from 1.75 mg
! Ethanol (60%), 10 min at 75 °C emulsion, malonaldehydelkg), better colour (571581
bark o
4 +1°C,9days stability

(L* a* b*values)



Plant Source

Terminalia arjuna
fruit

Oregano vulgare
leaves

Clove buds

Watermelon rind

Sea buckthorn
seeds

Moringa oleifera
leaves

Ginger rhizomes,
potato peel,
seeds of
fenugreek

Garlic ginger and
onion

Leaves of hyssop
and rosemary

Leaves of myrtle,
lemon balm,
rosemary and
nettle

Green tea and
grape seed

Red grape
pomace

Wine residues

Extraction Protocol

Ethanol-water (60:40), 27 °C *
1 °C, overnight, vortex
shaking at 400 rpm for 8 h

Ethanol (60%), 80 °C, 10 min

Ethanol (95%), 12 h at 100
rpm, residue again re-
extracted

Ethanol (95%) 25 °C, 24 h at
200 rpm

Methanol (60%), 55 °C, 20 min

Water for 18-20 h at 40-50 °C

Boiled distilled water, 5 min

Ethanol (90%), room
temperature, 1 h at freeze
dried —-60 °C

Water, 40 °C,30 min,
Ultrasonic extractor (200 W,
40 kHz)

Dimethyl sulfoxide for 5 h at
ambient temperature

De-ionized water ambient
temperature, 15 min

Boiling water, 10 min

Methanol ambient temp, 10
min, sudden pressure
changes to 5 x 10° Pa (N/m?),
rotatory evaporator at 200
rpm at 50 °C

Aqueous acetone (50%),
ambient temperature

Experimental
Design (Level, Meat
Product, Storage
Temp, Days)

1.0%, ground pork,
4 +1°C,9days

1.0%, chevon
emulsion, 4+ 1 °C,
9 days

0.25%, 0.5%, 1.0%,
2.0%, Chinese-style
sausage, 4 °C, 21
days

0.10%, pork patties,
4 %1 °C, 28 days

0.30%, ground
pork,4+1°C,9
days

0.10%, goat meat
patties, 4 £1 °C, 15
days

450-600 ppm, raw
and cooked patties

500-1000 ppm,
ground beef
patties, 5, 25 & 37
°C, 12 days

5-10% ginger-
garlic-onion,
stewed pork, 4 °C,
12 days

Solution with 5.8
pH, cooked pork
meat, 4 °C, 8 days

10% each extract,
ground beef, 20 + 2
°C, 120 days

500, 3000, 6000
ppm, Baladi goat
meat, 5 °C, 9 days

0.06 g/100 g, pork
burger, 4 °C, 6 days

7-15 g/100 g, dried

minced pork slice,

room temperature,
21 days

Significant Outcome
(Extract Quality and Its Antioxidant
Effect on Incorporation in Meat)

Higher total phenolics (16.53 mg
GAEIg), DPPH IC50—10.37 pg/mL,
FRAP-1.33, Metmyoglobin content
comparable to BHT added sample

and significantly lower than control

Total phenolic content-328.71 mg
GAE/100 g, SASA-44.49%, DPPH
activity-30.72%, improving oxidative
and microbial quality of chevon
meat

Concentration dependence
effectiveness in controlling lipid
and protein oxidation, better
retention of textural and sensory
attributes during storage

DPPH (% inhibition)-77.46, ABTS (%
inhibition)-75.57, FRAP (mM of Fe**
equivalent/mL)-77.5 and SASA (%
inhibition)-47.5; zone of inhibition
for S. aureus-5.68 mm

TPC-128.23 mgGAE/g, DPPH-66.11%
inhibition, ABTS-87.13% inhibition,
significantly lower TBARS, FFA and

PV in treated samples

TPC-48.36 mgGAE/g, TFC-31.42
mglg, Lower TBARS value on 15 th
day of storage in treated sample-
0.53 mg malonaldehydelkg

TPC-60.78-70.27 mgl/g, non-
significant reduction in
metmyoglobin formation in control
and treated samples during storage

Ginger rhizome extract has the
highest antioxidant (% inhibition)-
(77.4) followed by fenugreek seeds
(71.4) and potato peel (59.5)

Synergistic effect of combinations
of extracts, storage life extended to
5-6 days

Hyssop and rosemary extract inhibit
lipid oxidation and metmyoglobin
formation

Inhibited lipid oxidation (lemon and
nettle-23-24% lower peroxide value;
myrtle and rosemary-33-41%) and
protected colour

Lower antioxidant capacity of green
tea extract (7.5 h) than grape seed
extract (9.4 h), plant extract
increased the induction time

TPC-546.0, total anthocyanins-
1783.5 mgl/L, antioxidant capacity-
141.8 mmol/L Trolox, the application
of instantaneous high-low pressure
increased the extract yield

Decreased hexanal, TBARS (up to
108%), carbonyls, sulfthydryl loss

Reference

)

[55]

[59]

[60]

[61]

[62]

[62][63]

[64]

[65]

[66]

[671

[68]

[69]

[19]



Plant Source

Mustard leave
kimchi

Lotus rhizome
knot (LRK) and
leaf (LL)

Curry berry

Lychee fruit

pericarp

Byproducts of
olive,
pomegranate,
tomato and grape

Bamboo shoot

Colombian berry

Petals blue pea
flower

Bee pollen

Monkfruit

Jabuticaba

Peanut
skin

TBARS-thiobarbituric acid

Extraction Protocol

Ethanol (70%), room
temperature, overnight

Aqueous, room temperature,
overnight

Boiled water for 2 h followed
by centrifuge at 5000 rpm for
10 min

Boiled distilled water, 1 h

Water, 60 °C, 2.5 h

Boiled water with 1% NacCl, 10
min

Ethanol-water (50:50 v/v),
solvent-solute ratio (5:1), 4
°C, lyophilized (0.18 bar, -50
OC)

Spray-dried, vacuum
packaged

Ethanol, 40 °C, 1 h, 150 rpm,
lyophilized

Water, 200 W ultrasound
power, 80 °C, 2 h

Water, 60 °C, 6 h,
microencapsulated

Ethanol (80%), 60 °C, 50 min;
followed by 15 min sonication
at ambient temperature

reactive substances,

Experimental
Design (Level, Meat
Product, Storage
Temp, Days)

0.05%, 0.1% &
0.2%, ground pork,
4 °C, 14 days

3%, bovine and
porcine meat, 4 °C,
10 days

2.5-5.0%, raw
chicken meat
homogenate, 4 +1
°C, 48 days

0.50, 1.0 and 1.5%,
sheep meat
nuggets, 4+ 1 °C,
12 days

0.1%, lamb patties,
4 %1°C,7days

6% kordoi juice
and 4% aqueous
extract, pork
nuggets, 4 +1 °C,
35 days

250, 500 and 750
ppm, pork patties,
2+1°C,9days,
15-20 lux value

0.02-0.16% wiw,
pork patties, 4 +1
°C, 12 days

0.02%, pork
sausage, 4+ 1 °C,
30 days

7-15 g/100 g, dried
minced pork

2-4%, fresh pork
sausage

3.0%, chicken
patties 1 +1 °C, 15
days

Significant Outcome
(Extract Quality and Its Antioxidant
Effect on Incorporation in Meat)

Extract at 0.1% and 0.2% having
antioxidant effect equal to 0.02%
ascorbic acid. MDA concentration
below 0.5 mglkg at the end of
storage

TPC-(LRK-17.0 gGAE/100 g, LL-34.9
g GAE/100 g), TTC-(LRK-13.02
gGAE/100 g, LL-6.02 gGAE/100 g),
TFC-(LRK-7.96 g rutin euivalent/100
g, LL-33.0 g rutin equivalent/100 g)

TPC-9.5 mg TAE/gdw, TFC-11.9
mgCE/gdw; the extract
incorporation inhibited oxidative
changes in meat

TPC-18.36 mgGAEI/g, high
anthocyanins content, the extract
has good antioxidant potential.

Water extracts exhibited
antimicrobial and antioxidant
potential, red grape and olive
extract (1000 mg/kg) in patties

reduced microbial counts

TPC-246 mg GAC/100 g, Ascorbic
acid-4.1 mg AAE/100 g,

The incorporation of extract and

kordoi juice extended storage life
from 21 days to 35 days

TPC-83976 mg/kg, total anthocyanin
content-29077.5 mgl/kg, making upto
35%. Extract improved colour
stability and oxidative stability in
dose dependent manner.

TPC-28.8 mgGAEI/g, TEAC value of
cooked patties-0.10-0.167 mg TE/g;
Addition of 0.16% extract protect
lipid and protein oxidation during
storage

TPC-19.69 mgGAEI/g, 10 mg/mL can
neutralise 91.93% of beta carotene.

98.51% DPPH inhibition at 200 g/L,
34.93% mongroside in extract.
Extract delayed hexanal formation,
TBARS, carbonyls and sulphydryl
loss

TPC-15.63 mg GAE/mg, FRAP-
20.51pmol equivalent Trolox/g,
Extract added fresh sausage as
natural colorant had an
antimicrobial and antioxidant effect

TPC-32.6 mg GAEIg, FRAP-of 26.5
umol Trolox equivalent/g.
Decreased a * values (p < 0.05) and
reduced lipid oxidation, with 0.97
malondialdehyde (MDA)/kg as
compared with 19 mg MDA/kg

Reference

[zol

[7a]

[z21

[73]

[z4]

[z5]

[76]

4]

[z8]

[29]

[z9]

[80]

FFA-free fatty acid, PV-peroxide vale, DPPH—1,1-diphenyl-2-
picrylhydrazyl, ABTS-2-2-azinobis-3ethylbenthiazoline-6-sulphonic acid, GAE—gallic acid equivalent, SPC—standard plate

count, MDA—malondialdehyde, FRAP—ferric reducing antioxidant power, SASA-superoxide anion radical scavenging



assay, TPC-total flavonoid content, TFC—total flavonoid content, TTC—total tannin content, TAE—tannin acid equivalent,

AAE—ascorbic acid equivalent, TEAC value—Trolox equivalence antioxidant capacity, * p < 0.05.
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