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ABSTRACT
Antioxidants ar thought of as necessary bioactive compounds on account of the many health advantages together
with their important role. its mechanism is additionally explained briefly.in delaying aerophilous rancidity of
various foods. Antioxidants react through radical or molecular O conclusion, being capable to either delay or
inhibit the oxidization processes that occur underneath the influence of molecular O or reactive O species.
Antioxidants ar to blame for the defense reaction of the organism against the pathologies associated to the attack of
free radicals, therefore the intake of plant derived antioxidants is concerned within the bar of chronic diseases
caused by aerophilous stress, like cancer, Parkinson, Alzheimer or coronary-artery disease. This literary criticism
explains the scientific basis of various completely different ways for decisive inhibitor activity.
KEYWORDS: Antioxidant, In-vitro, In-vivo Antioxidant assessment.
INTRODUCTION
The term antioxidant originally was wont to refer
specifically to a chemical that prevented the consumption
of O. within the late nineteenth and early twentieth
century, intensive study was dedicated to the uses of
antioxidants in vital industrial processes, like the
hindrance of metal corrosion, the processing of rubber,
and therefore the chemical action of fuels within the
fouling of combustion engines.[1] An inhibitor may be a
molecule capable of fastness or preventing the
oxidisation of different molecules. oxidisation may be a
chemical process that transfers electrons from a
substance to Associate in Nursing oxidiser. oxidisation
reactions will manufacture free radicals, that begin chain
reactions that injury cells. inhibitor may be a molecule
that inhibits the oxidisation of different molecules.
oxidisation may be a chemical process that transfers
negatron or chemical element from substances to
Associate in Nursing oxidiser.Oxidation reactions can
produce free radicals. In turn, these radicals can start
chain reactions, when the chain reactions occurs in a cell,
it can cause damage or death to the cell. Antioxidants
terminate these chain reactions by removing free radical
intermediates and inhibit other oxidative reactions.[2]
They do so by being oxidizing themselves. Antioxidants
are often reducing agents such as, thiols, ascorbic acid or
polyphenols.[3] The term antioxidant has been defined in
a number of ways like substances that in small quantities
are able to prevent or greatly retard the oxidation of
easily oxidizable materials, or any substance when
present in low concentrations compared to those of an
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oxidizable substrate significantly delays or prevents
oxidation of those substances.[4] Antioxidants are
chemical compounds which bind to free oxygen radicals
and prevents these radicals from damaging healthy
cells.[5]
Classification of antioxidants
There are different attributes to classify the antioxidants.
The first attribute is based on the function (primary and
secondary antioxidants). The second attribute is based on
enzymatic and non enzymatic antioxidants:
1- Primary antioxidants
They are the chain breaking inhibitors that react with
supermolecule radicals and convert them into a lot of
stable merchandise. Antioxidants of this cluster ar
chiefly phenolics, in structure and embrace the
following: inhibitor minerals, antioxidant vitamins and
phytochemicals that embrace flavonoides,catechins,
carotenoids, β-carotene, lycopene, diterpene of, black
pepper, thyme, garlic, cumin and their derivatives.[6]
2- Secondary antioxidants
These are phenolic compounds that perform the function
of capturing free radicals and stopping the chain
reactions. The compounds include: Butylatedhydroxy
anisole (BHA), butylated hydroxyl toluene (BHT) and
propyl gallate (PG). antioxidants can be divided into two
classes namely enzymatic antioxidants and nonenzymatic
nonenzymatic antioxidants.[7]
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The Mechanism of Action of Antioxidants
LMWAs (low relative molecular mass antioxidants)[8] ar
little molecules that often infiltrate cells, accumulate (at
high concentrations) in specific compartments related to
aerophilic harm, so ar regenerated by the the cell nine. In
human tissues, cellular LMWAs ar obtained from varied
sources. Glutathione (GSH), nicotinamide A dinucleotide
(reduced form), and carnosine ten ar synthesized by the
cells; acid (UA) eleven and hematoidin twelve ar waste
merchandise of cellular metabolism; antioxidant (AA)
thirteen tocopherols and polyphenols ar antioxidants
obtained from the diet. Among these LMWAs, a
substantial attention was targeted on antioxidant (AA),
famous for its subtractive properties ANd for its use on a
large scale as an inhibitor agent in foods and drinks,[14]
it's additionally important for therapeutic functions and
biological metabolism.
Ascoric acid is associate degree inhibitor with
therapeutic prope -rties, that plays a vital role in
activating the immunologic response, in wound healing,
in osteogenesis, in detoxifying the organism, in iron
absorption, in albuminoid biogenesis, in preventing the
natural action of blood vessels, and in several alternative
metabolic processes fifteen. antioxidant is simply
modify, its degradation being accelerated by heat,
lightweight and therefore the pre -sence of significant
metal cations sixteen. Thus, because of its content
variation, antioxidant represents a vital quality indicator
of foodstuffs seventeen and contributes to the inhibitor
prope -rties of food eighteen. Special attention has been
dedicated to the study of inhibitor mechanism.
The excess free radicals current within the body oxidize
the density lipoproteins (LDL), creating them doubtless
lethal; the surplus free radicals may also accelerate aging

processes and are coupled to alternative terribly serious
pathol -ogies, like brain stroke, DM, rheum - atoid
inflammatory disease, Parkinson‟s malady, Alzheimer‟s
malady and cancer. Physiologically, the aerated free
radicals square measure among the foremost vital radical
species. Reactive O species (ROS) comprise species with
a powerful oxidizing tendency, each of a radical nature
(the superoxide radical, the radical radical) and a non
radical nature (ozone, hydrogen peroxide).[19]
A number of chemical and physical phenomena will
initiate oxidation, that yield unendingly within the
presence of (a) appropriate substrate(s), till a interference
defense reaction occurs20. Target substances embody O,
unsaturated fatty acids, phospholipids, steroid alcohol
and DNA.[21]
Role of Antioxidants
An antioxidant
could be a molecule capable of
inhibiting the oxidisation of another molecule. It breaks
the atom chain of reactions by sacrificing their own
electrons to feed free radicals, while not changing into
free radicals themselves(Fig. 2).
The increasing interest gained by antioxidants is thanks
to the health advantages provided chiefly by natural
sourced (exogenous) low relative molecular mass
antioxidants. This consists in preventing the occurence of
oxidative-stress connected diseases, caused by the attack
of free radicals on key biocomponents like lipids or
nucleic acids.
This critique is concentrated on in vitro and in vivo ways
of models used for assessment of inhibitor activity
analysis,mechanism of action,mode of action and Roll of
inhibitor action.

Fig. 2: Electrons in the outer shell.
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Fig. 3: Role of antioxidants.
In-vivo models for evaluating antioxidant activity:
Treatment: Rats are weighed at the - starting and at the
top of experiment. take a look at medicine at numerous
concentration depeding on the look of the experiment ar
administered for three days. management rats ar treated
with a similar volume of H2O. Animals ar shocked and
beheaded twenty four hour once the last dose. Killing is
distributed at a similar time of the day, to avoid the unit
of time variation within the level of tissue GSH. The
livers and kidneys ar speedily removed, weighed, and
half there of used for antioxidant determination. the
remainder of the tissues were frozen for less than seventy
two hour to look analysis of scale back glutathione
(GSH) and supermolecule peroxide (LP) concentrations.
Care is be to taken to use a similar components of the
tissue for the 3 measurements in every animal22
Biochemical Determination
Assay of malondialdehyde (MDA)
Lipid peroxidation was calculable in terms of
Thiobarbituric acid reactive species (TBARS),
victimization Malondialdehyde (MDA) as customary.
The homogenized liver tissue (400 μl) was mixed with
100% TCA and incubated for fifteen min at 4°C so
centrifuged at two, two hundred g for fifteen min at 4°C.
To one mil of protein-free supernatant, one mil of
contemporary TBA chemical agent was additional,
mixed totally and incubated at 60°C for one h in water
tub. Then optical density was measured at 532 nm for the
assay of MDA. lipide peroxide is expressed in terms of
nM of MDA mg-1 of fifty-four liver tissue.[23]
Assay of total tissue sulfhydryl group (reduced
glutathione level):- The soluble sulphydryl content of
liver was determined according to the method of Grunert
and Phillips. 24 The metaphosphoric acid extract of liver
or fractions, was saturated with NaCl and allowed to
stand for 15-30 min and centrifuged at 3000 rpm for 10
min at 4°C. Take 1 mL of the aliquot of the supernatant
and add to 3 mL saturated NaCl solution, allow it to
stand for 10 min at 25°C. The nonspecific absorption in
the sample was eliminated by reading the sample against
a blank containing 2% metaphosphoric acid and Sodium
nitroprusside. The colored complex developed is
measured immediately at 520 nm on a colorimeter using
blank tube.
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Catalase assay- catalase (CAT) activity was measured
by watching decomposition of H2O2 in line with the
tactic of Johansson and Borg.[25] The reaction was
initiated by adding fifty fifty of homogenized liver
sample to the reaction mixture containing 250 metric
linear unit PBS with twelve M wood spirit and forty four
metric linear unit H2O2 and incubated at temperature for
twenty min. The reaction was terminated with addition of
Purpald (22.8 mM) and once more incubated at
temperature for twenty min. once adding metal periodate
(65.2 mM), the absorbance of the sample was measured
at 550 nm. Catalse concentration was calculable by a
typical graph premeditated mistreatment acknowledged
concentrations of methanal and results expressed IU mg1 protein.
In-vitro models for evaluating antioxidant activity
Conjugated diene assay: This method permits dynamic
quantification of conjugated dienes as a results of initial
PUFA (Poly unsaturated fatty acids) oxidisation by
measure ultraviolet light absorbance at 234 nm. The
principle of this assay is that in linolic acid oxidisation,
the double bonds square measure reborn into conjugated
double bonds, that square measure characterised by a
robust ultraviolet light absorption at 234 nm. The activity
is expressed in terms of restrictive concentration
(IC50).[26]
DPPH Method (1, 1 diphenyl 2, picryl hydrazyl):The molecule one, 1-diphenyl-2-picrylhydrazyl (a,adiphenyl-bpicrylhydrazyl
DPPH) is characterised as a stable atom by virtue of the
delocalisation of the spare lepton over the molecule as an
entire, in order that the molecule doesn't dimerize, as
would be the case with most alternative free radicals.
The delocalization of lepton conjointly offers rise to the
deep violet color, chara- cterized by Associate in Nursing
optical phenomenon in fermentation alcohol resolution
targeted at concerning 517 nm. once an answer of DPPH
is mixed thereupon of a substrate (AH) which will
present a atom, then this offers rise to the reduced kind
with the loss of this violet color. so as to judge the
inhibitor potential through atom scavenging by the check
samples, the amendment in optical density of DPPH
radicals is monitored. the sample extract (0.2 cubic
centimetre) is diluted with wood spirit two|and a couple
of|and a pair of} mL of DPPH resolution (0.5 mM) is
additional. once thirty min, the absorbance is measured
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at 517 nm. the share of the DPPH radical scavenging is
calculated victimization the equation as given below: %
inhibition of DPPH radical ¼ ð½Abr nine Aar_=AbrÞ
nine one hundred where Abr is that the absorbance
before reaction and river is that the absorbance once
reaction has taken place.[27]
Super oxide radical scavenging activity:- In-vitro
super compound radical scavenging activity is measured
by riboflavin/light/NBT (Nitro blue tetrazolium)
reduction. Reduction of NBT is that the hottest
methodology. the tactic is predicated on generation of
super compound radical by motor vehicle oxidisation of
B vitamin in presence of sunshine. The super compound
radical reduces NBT to a blue coloured formazon that
may be easured at 560nm. The capability of extracts to
inhibit the color to five hundredth is measured in terms
of EC50. inhibitor activity of flowering tree, flavanoids
and Triphala has been reported in terms of super
compound radical scavenging activity. The super
compound radical may be detected by oxidisation of
hydroxylamine, yielding radical that is measured
quantitative chemical analysis reaction.[28]
Hydroxyl radical scavenging activity
Hydroxyl radical scavenging capacity of an extract is
directly related to its antioxidant activity. This method
involves in-vitro generation of hydroxyl radicals using
Fe3+ /ascorbate/EDTA/H2O2 system using Fenton
reaction. Scavenging of this hydroxyl radical in presence
of antioxidant is measured. In one of the methods the
hydroxyl radicals formed by the oxidation is made to
react with DMSO (dimethyl sulphoxide) to yield
formaldehyde. Formaldehyde formed produces intense
yellow color with Nash reagent (2M ammonium acetate
with 0.05M acetic acid and 0.02M acetyl acetone in
distilled water). The intensity of yellow color formed is
mesured at 412nm spectrophotometrically against
reagent blank. The activity is expressed as %hydroxyl
radical scavenging.[28]
Nitric oxide radical inhibition activity
Nitric compound, owing to its odd lepton, is assessed as
a atom and displays impeins and different free radicals.
In vitro inhibition of gas radical is additionally a live of
opposing oxidiser activity. This methodology relies on
the inhibition of gas radical generated from atomic
number 11 nitroprusside in buffer saline and measured
by Griess chemical agent. In presence of scavengers, the
absorbance of the chrom-ophore is evaluated at 546 nm.
The activity is expressed leastwise reduction of chemical
element oxide.[28]
Reducing Power Method
This methodology is predicated on the principle of
increase within the absorbance of the reaction mixtures.
Increase within the absorbance indicates increase within
the inhibitor activity. during this methodology inhibitor
compound forms a coloured advanced with atomic
number 19 salt, trichloro carboxylic acid and ferrous
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chloride, that is measured at 700nm. Increase in
absorbance of the reaction mixture indicates the reducing
power of the samples.[29]
Phospho molybdenum Method
It is a spectroscopic method for the quantitative
determination of antioxidant capacity, through the
formation of phospho molybdenum complex. The assay
is based on the reduction of Mo (VI) to Mo (V) by the
sample analyte and subsequent formation of a green
phosphate Mo (V) complex at acidic pH.[30]
Peroxynitrite radical scavenging activity
Peroxynitrite is currently recognized by researchers
because the perpetrator in several ototoxic reactions that
were antecedently ascribed to its chemical precursors,
superoxide and gas. Hence, associate in vitro
methodology for scavenging of peroxy radical has been
developed to live inhibitor activity. The scavenging
activity is measured by watching the chemical reaction
of dihydrorhodamine on a microplate visible light
spectro-photometer at 485 nm.[31]
ABTS (2, 2-azinobis (3-ethyl benzothiazoline- 6sulfonic acid) diamoniumsalt) Method:- This is a live
of inhibitor activity as critical inhibitor concentration
which could embody a proportion of biologically
inactive antioxidants. It conjointly permits the measure
of inhibitor activity of mixtures of gear and thence helps
to differentiate between additive and synergistic effects.
The inhibitor activity of wines was measured by
exploitation this technique. The assay is predicated on
interaction between inhibitor and ABTS+ radical ion that
contains a characteristic color showing maxima at 645,
734 and 815nm.[32]
DMPD
(N,
N-dimethyl-p-phenylene
diamine
dihydrochloride) Method
This assay is predicated on the reduction of buffered
answer of coloured DMPD in acetate buffer and metal
chloride. The procedure involves mensuration of
decrease in absorbance of DMPD in presence of
scavengers at its absorption maxima of 505nm. The
inhibitor activity of wines was measured by victimisation
this methodology. The activity was expressed as
proportion reduction of DMPD.[33]
Oxygen Radical Absorbance Capacity (ORAC)
ORAC is associate exciting and revolutionary new tube
analysis which will be utilised to check "Antioxidant
Power" of foods and different chemical substances. It
calculates the power of a product or chemical to shield
against doubtless damaging free radicals. This analytical
procedure measures the power of a food, vitamin,
nutritionary supplement, or different chemicals to shield
against the attack by free radicals, or to act as associate
inhibitor. The take a look at is performed exploitation
Trolox (a soluble analog of aliment E) as a customary to
work out the Trolox Equivalent (TE).
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The ORAC price is then calculated from the Trolox
Equivalent and expressed as ORAC units or price. the
upper the ORAC price, the larger the "Antioxidant
Power". This assay relies on generation of atom
exploitation AAPH (2, 2-azobis 2-amido gas
dihydrochloride) and mensuration of decrease in light in
presence of atom scavengers. Hong et.al, (1996) have
reported automatic ORAC assay. In thi assay bphycoerythrin (b-PE) was used as target atom injury,
AAPH as a peroxy radical generator and Trolox as a
customary management. when addition of AAPH to the
check resolution, the light is recorded and also the
inhibitor activity is expressed as trolox equivalent.[34]
b-Carotene Linoleate model
This is one in all the speedy methodology to screen
antioxidants, that is principally supported the principle
that polyunsaturated fatty acid, that is Associate in
Nursing unsaturated carboxylic acid, gets oxidised by
"Reactive element Species” (ROS) made by aerated
water. The merchandise shaped can initiate the b
carotene reaction, which can result in discoloration.
Antioxidants decrease the extent of discoloration, that is
measured at 434nm and also the activity is measured35.
Xanthine oxidase Method
This is one among the recent ways for analysis of anti
oxidizing agent activity. the proportion inhibition within
the organic compound enzyme activity in presence of
anti oxidants is measured. organic compound enzyme
protein produces acid beside super compound radicals
from organic compound and also the quantity of acid is
measured at 292nm36.
FRAP Method
FRAP (Ferric Reducing Ability of Plasma) is one among
the foremost speedy take a look at and really helpful for
routine analysis. The antioxidative activity is calculable
by measurement the rise in absorbance caused by the
formation of metallic element ions from FRAP chemical
agent containing TPTZ (2, 4, six – tri (2 – pyridyl) – s –
triazine) and FeCl36H2O. The absorbance is measured
spectrophotometrically at 595nm.[37]
TRAP Method
This methodology is outlined as total radical caparison
inhibitor parameter. The visible radiation of RPhycoerythrin is quenched by ABAP (2, 2‟-azo–bis (2 amidino- propane) hydrochloride) as a radical generator.
This extinguishing reaction is measured in presence of
antioxidants. The antioxidative potential is evaluated by
mensuration the delay in decoloration.[38]
Cytochrome C test
Superoxide anions were assayed spectrophotometrically
by a hemoprotein reduction methodology delineate by
McCord and Fridovich (1969). organic compound
enzyme converts organic compound to acid and yields
superoxide anions and these radicals directly cut back
ferri- cytochrome to ferro- cytochrome, having Associate
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in Nursing absorbance modification at 550 nm. once take
a look at compounds showed superoxide scavenger
activity, there was a decrease within the reduction of
ferri-cytochrome C.[39]
Erythrocyte ghost system:- This method involves
isolation of erythrocytes ghost cells and the induction of
lipid peroxidation using erythrocyte ghosts and the
induction of tetra-butyl hydroxyl peroxide (t-BHP).
TBARS (thio barbituric acid reactive substance)
produced during the reaction is measured at 535 nm.[40]
Microsomal lipid peroxidation or Thiobarbituric acid
(TBA) assay
TBA take a look at is one in every of the foremost
oftentimes used tests for mensuration the peroxidation of
lipids. technique involves isolation of microsomes from
rat liver and induction of supermolecule peroxides with
metal ions resulting in the assembly of bit of
Malonaldehyde (MDA). TBA reacts with MDA to make
a pink chromagen, which may be detected
spectrophotometricaly at 532nm.[41]
CONCLUSIONS
The increasing interest gained by antioxidants is thanks
to the health advantages provided chiefly by natural
sourced (exogenous) low relative molecular mass
antioxidants. This consists in preventing the occurence of
oxidative-stress connected diseases, caused by the attack
of free radicals on key biocomponents like lipids or
nucleic acids.
This review is concentrated on in vitro and in vivo ways
of models used for assessment of inhibitor activity
analysis, mechanism of action, mode of action and Roll
of inhibitor action.
REFERENCES
1.
2.

3.
4.

5.
6.

7.

Matill, H.A. Antioxidants. Annu Rev Biochem, 1947;
16: 177-192.
Ames. B.N, Shigenag, M.K & Hagen T.M,
“oxidants, antioxidant and the degenerative diseases
of aging. Processing of the National Academic
Science, 1993; 90: 7915-22,
Sies, H. Oxidative stress, oxidants and antioxidants.
Experimental physiology, 1997; 82: 291-295.
Halliwell, B. R. & Gutteridge, J.M.C. Free Radicals
in Biology and Medicine. 3rd ed, Oxford Univ.
press. Oxford U.K. Huang. D., Boxin, O.U. & Prior
P.L., 2005.
SUNITHA DONTHA* Asian Journal Of
Pharmaceutical And Clinical Research, 2016; 9(2).
Hurrel, R. Influence of vegetable protein source on
trace elements and mineral bioavailability. Journal
of Nutrition, 2003; 133: 29735- 29775.
Ratnam, K.V., Ankola, D.D, Bahrdwai, J.K.V,
Sahana, D. K. & Kavar M.N.V. A review: Role of
antioxidant in prophylaxis and therapy. A

ISO 9001:2015 Certified Journal

│

68

Varsha et al.

8.

9.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

World Journal of Pharmaceutical and Life Science

pharmaceutical prospective. Journal of Contr-olled
Release, 2006; 11: 189-207.
Chevion S, Roberts MA, Chevion M The use of
cyclic volta -mmetry for the evaluation of
antioxidant capacity. Free Radic Biol Med, 2000;
28: 860-870.
Halliwell B, Gutteridge JMC Free radicals in
biology and medicine. Clarendon Press, Oxford,
1989.
Chance PA, Sies H and Boveris A hydroperoxide
metabolism in mammalian organs. Physiol Rev.,
1979; 59: 527-605.
Ames BM, Cathcart R, Schwiers E, Hochstein P
Uric acid produces an antioxidant defense in humans
against oxidant and radical-caused aging and cancer:
a hypothesis. Proc Natl Acad Sci USA, 1981; 73:
6858-6862.
Stocker R, Yamamoto Y, McDonagh A, Glazer AN
and Ames BN Bilirubin is an antioxidant of possible
physiological importance. Science, 1987; 235: 10431045.
Frei B, England L and Ames BN Ascorbate is an
outstan ding antioxidant in human blood plasma.
Proc Natl Acad Sci USA, 1989; 86: 6377-6381.
Raoof JB, Ojani R and Beitollahi H Electrocatalytic
determination of ascorbic acid at chemically
modified carbon paste electrode with 2, 7-bis
(ferrocenyl
ethynyl)
fluoren-9-one.
Int
J
Electrochem Sci., 2007; 2: 534-548.
Tomita IN, Manzoli A, Fertonani FL and Yamanaka
H Amperometric biosensor for ascorbic acid. Eclet
Quím 30: 37-43 evaluation. Talanta, 2005; 72: 335348.
Bhagavan NV Medical Biochemistry. Elsevier,
Amsterdam, 2002.
Wawrzyniak J, Ryniecki A and Zembrzuski W
Application of voltammetry to determine vitamin C
in apple juices. Acta Sci Pol Technol Aliment, 2005;
42: 5-16.
Glevitzky M, Pop M, Brusturean G A, Bogdan I,
Calisevici M, et al. Efficent use of antioxidants to
preserve fruit juice. Rev Chim (Bucharest), 2008;
59: 1291-1295.
Campanella L, Martini E, Rita E and Tomassetti M
Antioxi-dant capacity of dry vegetal extracts
checked by voltammetric method. J Food Agric
Environ, 2006; 4: 135-144.
Antolovic M, Prenzler PD, Patsalides E, McDonald
S and Robards K. Methods for testing antioxidant
activity. Analyst, 2002; 127: 183-198.
Ming-Hua Y and Schaich KM Factors affecting
DNA damage caused by lipid hydroperoxides and
aldehydes. Free Radical Biol Med, 1996; 20: 225236.
Mukherjee K. Pulok: Quality control of herbal
drugs, horizons pharmaceutical publishers, 2003;
562.
Ohkawa H, Ohishi N, and Yagi K: Assay for lipid
peroxide in animal tissues by thiobarbituric acid
reaction. Anal. Biochem, 1979; 95: 351-358.

www.wjpls.org

│

Vol 8, Issue 5, 2022.

│

24. Grunert RR and Phillips PH: A modification of
nitroprusside method of analysis for glutathione.
Arch. Biochem, 1951; 30: 217-225.
25. Johansson LH and Borg LA: A spectrophotometric
method for determination of catalase activity in
small tissue samples. Anal. Biochem, 1988; 174:
331-336.
26. Jacob V and Michael A: Nutritional antioxidants:
mechanism of action, analyses of activities and
medical applications. Nutrition, 1999.
27. Manzocco, L., Anese, M., Nicoli, M.C. Antioxidant
properties of tea extracts as affected by processing.
Lebens-mittel-Wissenschaft
Und-Technologie,
1998; 31(7–8): 694–698.
28. Valko M, Leibfritz D, Moncol J, Cronin M and
Mazur M: Free radicals and antioxidants in normal
physiological functions and human disease. Int J
Biochem Cell Biol., 2007; 39(1): 44–84.
29. Jayaprakash GK, Singh RP and Sakariah KK,
Antioxidant activity of grape seed extracts on
peroxidation models in-vitro. J.Agric Food Chem,
2001; 55: 1018-1022.
30. Kanner J et al.: Natural antioxidants in grapes and
wines. J. Agric. Food. Chem, 1994; 42: 64-69.
31. Hye RC et al.: Peroxynitrite Scavenging Activity of
Herb extracts. Phytother. Res., 2002; 16: 364-367.
32. Rice EC and Miller NJ: Total antioxidant status in
plasma and body fluids, Methods Enzymol, 1994;
243: 279-293.
33. Vinson JA and Hontz, BA: Phenol antioxidant index
comparative antioxidant effectiveness of red and
white wines. J. Agri. Food. Chem, 1995; 43: 401403.
34. Frei B, Stocker R, England L and Ames BN:
Ascorbate the most effective antioxidant in human
blood plasma. Advances in medicine experiment and
biology, 1990; 264: 155-63.
35. Joseph K et al.: Natural antioxidants in grapes &
wines. J. Agri food chem, 1994; 42.
36. Pieroni A et al. In vitro antioxidant activity of ethnic
Albanians in southern Italy. Phytother. Res., 2002;
16: 467-473.
37. Benzie IFF and Strain JJ: The ferric reducing ability
of plasma (FRAP) as a measure of „antioxidant
power the FRAP Assay. Anal. Biochem, 1996; 239:
70-76.
38. Ghiselli A et al.: A Fluorescence based method for
measuring total plasma antioxidant capability. Free
Radic. Biol. Med, 1995; 18: 29-36.
39. Ho KY, Huang JS, Tsai CC and Lin CC:
Antioxidant activity of tannin component from
Vaccinium vitisidaea. Pharm.Pharmcol, 1999; 51:
1075-78.
40. Chiaki S and Naomi O: Antioxidative polyphenols
isolated from Theobroma cocoa. J.Agric Food
Chem, 1988; 46: 45.
41. Kimura Y: Okuda H and Okuda T: Studies on
activities of tannins and related compounds. Planta
med, 1984; 50: 473-76.

ISO 9001:2015 Certified Journal

│

69

