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Total phenolic compounds extraction in leaves of Ocimum
gratissimum and their potential activity against some post-harvest
contaminants
.

ABSTRACT
Aims: Phenolic compounds are secondary metabolites that are important in the

plant due to their role in plant defense and their antioxidant activity with other
biological properties such as antipyretic, analgesic and antimicrobial activities. This
study focused on the biological potential activity of total phenolic compounds
extracted by soxhlet method from Ocimum gratissimum leaves (Lamiaceae), a
popular medicinal plant harvested at Daloa (Côte d’Ivoire).
Study design: Activities were directed on the in vitro antifungal and antioxidant
activities combined to phenolic compounds analysis.
Place and Duration of Study: The study was carried out at the Department of
Environment and Plant Protection, and Laboratory of Chemistry and Biochemistry,
University of Agricultural Sciences and Veterinary Medicine (USAMV) between
March to July 2014, Laboratory of Biochemistry and Microbiology (Bioactives
Natural Substances Unit), Jean Lorougnon Guédé University between September
2014 to January 2015.
Methodology: The extract obtained named TPCOG was tested against Fusarium
species for its antifungal activity by applying agar slant double dilution method and
for its antioxidant activity by DPPH radical scavenging assay. Qualitative and
quantitative evaluation of phenolic compounds were carried out by HPLC analysis
method with sigma chemical standards.
Results: Tests showed that TPCOG was a powerful antifungal extract with MIC and
MFC ranging between 3.125 µg/mL to 12.5 µg/mL. This extract was fungicidal and
its antioxidant activity reached F= 541.25± .25 mM Trolox/mL (I= 70 ±1.85%) with a
total phenolic content equal 195.70±1.33 mgGAE/g. Radical scavenge and
antifungal activities correlated very well with total phenolic compounds. Phenolic
content analysis showed presence of phenolic acids and flavonoids with a higher
concentration for Quercetin (393.475 mg/100 g sample). All this results
demonstrated the biological potential activity of total phenolic compounds extracted
from leaves of O. gratissimum and the possibility to use it in replace to essential oil
for the formulation of biofungicides and nutraceuticals by industries
Conclusion: Non-invasive independent predictors for screening esophageal varices may
decrease medical as well as financial burden, hence improving the management of cirrhotic
patients. These predictors, however, need further work to validate reliability.
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1. INTRODUCTION
The genus Ocimum is a member of the Lamiaceae family, comprising more than 150
species. It grows widely and is distributed throughout temperate regions of the world with the
greatest number of species in Africa. The best known species are the strongly aromatic herb
Ocimum basilicum (Thai basil) and Ocimum gratissimum (African basil) as well as the
medicinal herb Ocimum sanctum (holy basil or tulsi in Hindi) [1; 2]. Different parts of these
plants including the leaves, stems, flowers, roots, seeds, and even the whole plant are
useful. O. gratissimum is widely used in traditional medicine. In African traditional medicine,
this plant is used for treating whooping cough and various types of fever [1; 3]. In West Africa,
O. gratissimum is used for treating coughs, fever and malaria. Many researchers have
investigated the antimicrobial, antiinflammatory, antinociceptive potential of O. gratissimum
and most of the reported studies focus on the activity of essential oils [4; 5; 6]. Therefore,
previous studies showed that some crude extracts of O. gratissimum obtained by maceration
in ethanol and methanol have good antimicrobial and antioxidant properties [3; 7; 8].
However, literature doesn't give more information about crude extracts of this plant obtained
by soxhlet extraction. Does the heat change the properties and composition of crude extract
of this plant? To answer this question, this study tries to evaluate the antioxidant activity, the
antimicrobial activity of total phenolic compounds obtained by soxhlet of this plant and
analyze their polyphenol profile. Our interest to fusarium is due to their implication to leaf
wilting, yellowing and eventually the death of the plant and to stock contamination during
storage [9; 10; 11]. Management of Fusarium species is required, as this pathogen affect a
wide variety of plants with economic value. The increasing restrictions on the use of
synthetic fungicides in the environment has given an impetus to the search natural products
that could interfere with the fungal pathogenicity factors and without harm effects on human.
Besides being harmless and non-phytotoxic, it has been proved that some plant extracts
with high antifungal properties are also richness in polyphenols [12; 13]. In addition, analyzing
polyphenolic content and potential antioxidant of this extract could improve their use in the
management of several chronic health problems such as cancers, inflammation, aging and
atherosclerosis [14; 15] due the increasing of free radicals.

2. MATERIAL AND METHODS
2.1 Plant Material
The leaves of Ocimum gratissimum were collected at Daloa (Côte d'Ivoire). The specie was
authenticated at National Floristic Center (NFC) of Felix Houphouet-Boigny University (Côte
d’Ivoire, Abidjan) to be identified to specimen NCF 304. The leaves of O. gratissimum were

dried in a dark ventilated room for 7 days. These parts were milled, sifted in sieve 0.75 mm
size and kept in polythene bag in absence of sunlight and oxygen until required.

2.2 Microbial Agent
Strains were composed by crops fungi: Fusarium oxysporum sp tulipae, Fusarium
graminearum and Fusarium oxysporum sp radicis-lycopersici provided by the Laboratory of
Microbiology and Plant Biotechnology, University of Agricultural Sciences and Veterinary
Medicine (USAMV) Cluj-Napoca, Romania. These strains were isolated on Potato Dextrose
Agar (PDA) from corn seeds, Tulip and tomato infected according to recommendations
contained in "the Fusarium Laboratory manual" [16].

2.3 Extraction of total phenolic compounds of Ocimum gratissimum (TPCOG)
This extraction was made according to the method described by authors [17] with slight
modification. The extraction was performed by extraction with SER 148 Velp scientific
according to the principle of soxhlet extraction. A mass of 30 g of fine powder of the plant
were introduced into 3 cartridges (10 g/cartridge) of the extraction apparatus. Subsequently,
these cartridges were introduced separately into boiling methanol contained in 3 extraction
beakers. After refluxing, methanol was completely evaporated and the content weighted [11;
18]. In order to extract total phenolic compouds, the dried extract was dissolved in 4% formic
acid solution/acetonitrile (90:10 v/v) [19]. The residue left after evaporation of the solvent
was pre-purified with CHCl3 under reflux. After evaporation of CHCl3 under vacuum, dry
chroroform extract was obtained. This extract was treated with hexane to remove lipids,
concentrated under reduced pressure, and dried to obtain total phenolic compounds of O.
gratissimum leaf extract [20]. Then, this extract obtained was the total phenolic compounds
of O. gratissimum named (TPCOG). This extract was stored in a refrigerator pending further
investigations (antioxidant and antifusarium activities, profile of phenolic compounds).

2.4 Evaluation of antifungal activity
Antifungal assays were performed on culture medium PDA. Incorporating TPCOG extract in
agar was made by agar slant double dilution method. For the test, the series included 9 test
tubes with 7 tubes tests containing TPCOG extract and 2 control tubes used as growth
control and control of sterility of the culture medium. The concentrations of the extracts of
these tubes ranged from 1.562 µg/mL to 100 µg/mL binding by a geometrical progression of
9. All 9 tubes were autoclaved at 121°C, 1 bar for 15 minutes and then the tubes were
inclined to room temperature so that the agar formed an oblique slope and a 3 cm base. The

fungi cultures in media previously prepared was made by inoculation of 1000 cells of the
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Fusarium strains corresponding to 10 μL inoculum 10 suspension containing 10 cells/mL.
To prepare the inoculum, a well isolated colony from a six-day culture of the fungal strain
was taken with a calibrated loop, transferred in 10 mL of sterile distilled water, homogenized
6

by the vortex and gave a suspension 10° containing 10 cells/mL, then 1 mL of this
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suspension was transferred to 9 mL of sterile distilled water giving a suspension 10
5

containing 10 Cells/mL. For each test, the load of the inoculum was verified by a series of
secondary dilutions and confirmed by a spectrometer. Thereafter, the cultures produced
were incubated at 25°C for 6 days. Minimum Inhibitory Concentration (MIC) was determined
by the lowest concentration of extract that inhibited visual growth of fungi in an agar dilution
susceptibility testing. In addition, for each test, new sterile PDA medium was used for
reseeding content of tubes with concentrations superior or equal to MIC values. Then, they
were incubated at 25°C for 6 days in the goal to determine Minimum Fungicidal
Concentration (MFC). MFC was determined by the tube with lowest concentration of extract
with the growth of one colony [11; 13]. Three replicates were carried out for each test

2.5 Qualitative and quantitative evaluation of phenolic compounds of TPCOG
2.5.1 Determination of total antioxidant activity of TPCOG
This determination was made by DPPH (2, 2’ diphenyl-1-picrylhydrazyl) radical scavenging
Activity. DPPH (80 μM) was dissolved in pure ethanol (98%). The radical stock solution was
prepared fresh daily. The mixture was shaken vigorously and allowed to stand at room
temperature (25°C) in the dark for 10 min. A volume of 250 μL of TPCOG with 1.75 mL
radical solution were added to each microplate well. The decrease in absorbance of the
resulting solution was monitored at 515 nm for 30 min. The results were corrected for dilution
and expressed in mM (S)-(-)-6-hydroxy-2,5,7,8- tetramethylchroman-2-carboxylic acid, also
known as Trolox (T). All determinations were performed in triplicate. TPCOG extract (0.1 g
sample/1 mL solvent) was used [21; 22; 23]. Inhibition percent (I %) was calculated using the
formula:

I% = [(AB –AA)/ AB] X 100
AB = Absorbance of blank solution; AA =Absorbance of standard solution (t = 30 min).

2.5.2 Determination of total Phenolic compounds
Total phenolics compounds of crude extract of O. gratissimum leaves were measured by the
Folin & Ciocalteu method and the concentration was calculated using the calibration curve
(Fig. 1). The results were expressed as mg Gallic acid Equivalents (mgGAE)/g. Exactly, 200
μL of TPCOG (1 mg/ml) were made up to 3 mL with distilled water, mixed thoroughly with

0.5 mL of Folin-Ciocalteu phenol reagent for 3 min followed by the addition of 2 mL of 7%
Sodium carbonate (Na2CO3) solution. The mixture was allowed to stand for a further 60 min
in the dark, and absorbance was measured at 765 nm on a UV-visible against the reagent
blank. To obtain a calibration curve, various concentration of gallic acid solutions were
prepared [24; 25].
Table 1. HPLC solvent gradient
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Fig. 1. Chromatogram of standards (0.1mg/mL

2.5.3 HPLC Phenolic compounds analysis method
The High Performance Liquid Chromatography (HPLC) analysis was performed with Eclipse
XDB C18 column reversed phase (150x4.6 mm) 5 μm particle size from Agilent 1200 system
equipped with a quaternary solvent delivery system, coupled to a UV visible detector. A
binary gradient composed of solvent A (water/acetic acid/ acetonitrile 99/0.1/1 v/v/v) and
solvent B (acetonitrile/ acetic acid 100/0.1 v/v) was used. Injection volume was adjusted to
20 μL and chromatogram was recorded at 280 nm. The column flow rate was adjusted to 0.5
mL/min at 30°C with a HPLC solvent gradient as shown in Table 1. Standards were obtained
from Sigma Chemical Company (USA). Phenolic acids and flavonoids standards were
dissolved in 95% MeOH to make a concentration of 0.10 mg/mL (Fig. 1 and Table 2). For the
preparation of TPCOG extract, a mass of 0.2 g sample was extracted using 2 mL methanol

with 1% HCl and sonicated for 30 min. The mixture was centrifuged at 3000 rpm for 10 min
and filtered through a 0.45 μm nylon filter [19; 24].

Table 2. Retention time of phenolic compounds standards
Peak

UV λmax
(nm)

Area280nm
(mAU)

Phenolic
compound

1

Retention
time
tR (min)
5,6

280

177,4

Gallic acid

2

10,1

270,300

154,7

Protocatechuic acid

3

11,5

330

30,8

Gentisic acid

4

12,1

250,340

198,9

Chlorogenic acid

5

12,7

280

53,3

Catechin

6

14,1

250,340

358,1

Caffeic acid

7

15,7

250,360

125,4

Rutin

8

16,5

280,340

148,7

p-Coumaric acid

9

17,1

240,340

191,8

Sinapic acid

10

17,3

240,330

431,9

Ferulic acid

11

19,5

250,360

865,6

Myricetin

12

21,0

280,330

68,9

Tilirosid

13

22,1

260,370

183,2

Quercetin

14

23,1

280

1093,1

trans-Cinnamic acid

15

23,4

260,370

256,4

Kaempherol

2.6 Statistical Analysis
Statistical analysis of total phenol and antioxidant activity was evaluated using student’s ttest analysis [26]. The mean was considered statistically significant at p<0.05. The results of
all experiments performed were expressed as Mean ± SD of three determinations, the test of
significance was applied wherever necessary and values obtained as p<0.05 were
considered statistically significant.

3. RESULTS AND DISCUSSION
3.1 Antifungal activity
Total phenolic compounds extracted from O. gratissimum (TPCOG) at different
concentrations (100 µg/mL to 1.562 µg/mL) exhibited antifungal activity against the test
Fusarium. This was also observed in a dose dependent manner. F. oxysporum tulipae and
F. oxysporum sp lycopersici had the lest MIC and MFC values (3.125 µg/mL) following the
results of this study (Fig 2). F. graminearum had the highest MIC and MFC values (12.5

µg/mL). The inhibitory role of TPCOG was more active on F. oxysporum species. The
findings from this study explain the use of this plant in folklore medicine for the treatment of
infections and in fumigation of granaries for storing agricultural products [7; 10; 27]. In
addition, the equality between MIC and MFC values on each strain showed that this extract
is probably fungicidal and it could be used to develop an eco-friendly fungicidal. In
comparison with previous studies conducted on the same strains by an author [11], it
appears that TPCOG extract was more active than Methanolic and Ethanolic extracts of
Cymbopogon citratus for which values of MIC and MFC ranging between 12.5 and 50
µg/mL. Similar studies directed by Odamiro and Jimoh (2015) showed the antimicrobial
activity of ethanolic leaf extract of O. gratissimum. All these results confirmed the
antimicrobial potential activity of O. gratissimum crude extracts. TPCOG obtained by soxhlet
extraction didn’t lose their activity so the heat at 80°C didn’t influence the nature of bioactive
compounds present in TPCOG extract. This natural herb is therefore effective in controlling
microbial growth by selectively inhibiting Fusarium growth, protein synthesis, cell wall and
membrane synthesis, nucleic acid synthesis and the essential metabolic pathways that exist
in the Fusarium [10]. Moreover, results showed that antifungal activity can be obtained from
crude's extract of O. gratissimum not only with essential oil of this plant. For this reason,
industrial exploitation of this plant in the production of bio-fungicides could be carried out
from the crude extract of this plant in place of the essential oil which presents a low yield.
The basis for the antifungal activity can be credited to phenolic compounds concentrated in
TPCOG like phenolic acids and flavonoids which had been reported to have antimicrobial
and medicinal activity [18; 20; 28].

Figure 2: Histograms of MIC and MFC values of TPCOG extract

3.2 Qualitative and quantitative evaluation of TPCOG
3.2.1 Total phenolic compounds content and antioxidant activity
TPCOG extract revealed in-vitro antioxidant properties when tested with DPPH radical
scavenging assay (Table 3). DPPH scavenging activity of this extract (F= 541.25± 1.25 mM
Trolox/mL and I= 70 ± 1.85%) was higher than the essential oil of this plant evaluated by
Elisée et al., (2018) with F= 187± 1.57 mM Trolox/mL and I= 38 ± 0.74 % [6]. The highest
scavenging effect revealed by TPCOG extract was due to the high concentration of the
active compound present in the plant material. The phenolic content of this extract was
relatively high, suggesting that this plant has antioxidant potential. Polyphenolic compounds
are well known as antioxidant and scavenging agents against free radicals associated with
oxidative damage [15; 22]. The presence of these compounds in O. gratissimum could
promote acceptance for its local usage in the management of oxidative stress induced
ailment. Phenolic compounds are important secondary metabolites of plant modulating lipid
peroxidation involved in atherogenesis, thrombosis and carcinogenesis [29]. The strong
antioxidant activity of O. gratissimum as shown in the table 3 might be related to high

contents of phenolic compounds (195.70 ± 1.33 mgGAE/g). Presence of phenol indicates
that TPCOG could act as antiinflammatory, anti-clothing, anti-oxidant immune enhancers
and hormone modulators. Phenols have ability to block enzymes that cause inflammation,
and can also modify prostaglandin pathways leading to protection of platelets from clumping
[30].
Table 3. Values of Total phenolic- and Antioxidant activity

Sample name

*Total phenolics
(mgGAE/g)

Antioxidant activity

*F (mM Trolox/ 1 mL

*I (%)

extrcat)

TGCOG

195.70 ± 1.33

545.21 ± 1.25

70 ± 1.85

*Mean±SD of three determinations

3.2.2 Total phenolic compound analysis
HPLC analysis showed 10 peaks identified with Standards (Phenolic acids and flavonoids)
obtained from Sigma Chemical Company (USA). The phenolic compounds identified in
TPCOG extract (Fig 3) were 7 phenolic acids (gallic acid, protocatechuic acid, gentisic acid,
chlorogenic acid, caffeic acid, p-coumaric acid and ferulic acid) and 3 flavonoids (rutin,
quercetin, kaempferol). Phenolics compouds are usually classified into four different groups
by their number of phenol rings and by their different structural elements that bind these
rings to one another. The four classes are phenolic acids, flavonoids, stilbenes and lignans
[19].
Phenolic acids identified could be classified in cinnamic acid derivatives comprising
Coumaric acid, caffeic acid and ferulic acid, and in Hydroxy-benzoic acids possessing C6-C1
configuration with gallic acid and protocatechuic acid [19]. Due to their enormous structural
diversity, phenolic acids are associated with important functions in plants such as protein
synthesis, nutrient uptake, enzyme activity, allelopathy along with other biological properties
such as anti-pyretic, analgesic and anti-microbial activity [24]. The most concentrated
phenolic compound in TPCOG extract was Quercetin with 393.475 mg/100 g sample (Table
4). In addition, the cumulate concentrations of flavonoids (464.84 mg/100 g sample) was
more important than phenolic acids (117.53 mg/100 g sample).
Flavonoids have a C6-C3-C6 framework. The chemical structure of flavonoids is responsible
for their hydrogen donating (radical scavenging) and metal chelating properties. Flavonoids

exhibit antifungal, antibacterial, antiviral, antiinflammatory and antiulcer activities [24]. So,
the higher concentration of flavonoid in TPCOG extract could explain its antioxidant acitivity
because flavonoids are well-known powerful antioxidants and have been found in other
plants [5; 29].
Finally, TPCOG extract could be the basis for formulation of nutraceuticals that regular
intake in the diet should reduce the risk of coronary heart diseases, pulmonary diseases and
may inhibit various forms of cancer due to the presence of phenolic compounds.

1600

Absorbance (mAU)

1400
1200
1000
800
600

13
15

400
200

1

0
0

5

2 3 4
10

8
6 7 10
15

20

25

30

Retention time (min)
Fig. 3. Chromatogram of sample OG Met 24; peak1-gallic acid, 2-protocatechuic acid; 3gentisic acid; 4-chlorogenic acid; 6-caffeic acid; 7-rutin; 8-p coumaric acid; 10-ferulic acid;
13-quercetin; 15-kaempherol

Table 4. Concentrations of Phenolic acids and flavonoids (mg/100g sample)
Sample name

Concentrations
(mg/100 g sample)

Gallic ac
Protocatechuic ac.
Gentisic ac
Chlorogenic ac
Caffeic ac
Rutin
p-Coumaric ac
Sinapic ac
Ferulic ac
Quercetin
Kaempherol

11.075
11.880
79.413
7.562
18.510
52.906
48.813
0
0
393.475
18.459

4. CONCLUSION
Ocimum gratissimum is a popular medicinal plant used in traditional medicine for its
therapeutic and biological properties due to the various active compounds. This study
showed that total phenolic compounds extracted by soxhlet method from the leaves of this
plant possessed antifungal activity against some post-harvest contaminants such as
Fusarium oxysporum sp tulipae, Fusarium oxysporum sp radicis lycopersici and Fusarium
graminearum, and this activity was fungicidal. In addition, the DPPH radical scavenging
attested that this extract was a powerful antioxidant with a high concentration in phenolic
compounds. HPLC analysis allowed to identify and quantify the phenolic compounds
comprising phenolic acids (caffeic acid, ferulic acid, p-coumaryl acid, gentisic acid, gallic
acid, protocatechuic acid and chlorogenic acid) and flavonoids (quercetin, rutin and
kaempferol) with quercetin the major compound. These result demonstrated that phenolic
compounds from leaves of this plcould be the basis for the development of new
biofungicides for biological agriculture and nutraceuticals for human health.

COMPETING INTERESTS DISCLAIMER:
Authors have declared that no competing interests exist. The products used for this
research are commonly and predominantly use products in our area of research and
country. There is absolutely no conflict of interest between the authors and

producers of the products because we do not intend to use these products as an
avenue for any litigation but for the advancement of knowledge. Also, the research
was not funded by the producing company rather it was funded by personal efforts
of the authors.

REFERENCES
1. Ezekwesili CN, Obiora KA, Ugwu O. Evaluation of anti-diarrhoeal property of crude
aqueous extract of Ocimum gratissium in rats, Nigerian Society for experimental
Biology; Biokemistri 2004; 16 (2): 122-131.
2. Ali SS, Kasoju N, Luthra A, Singh A, Sharanabasava H, Sahu A. Indian medicinal
herbs as sources of antioxidants. Food Research International 2008; 41:1- 15.
3. Omodamiro OD and Jimoh. MA. Antioxidant and Antibacterial activities of Ocimum
gratissimum. American Journal of Phytomedicine and Clinical Therapeutics 2015;
3(01):010-019
4. Tarkang PA., Okalebo FA., Siminyu JD., Ngugi WN., Mwaura AM., Mugweru J,
Agbor GA, Guantai AN. Pharmacological evidence for the folk use of Nefang:
antipyretic, anti-inflammatory and antinociceptive activities of its constituent plants.
BMC Complement. Altern. Med. 2015; 15: 174.
5. Ajayi AM, Tanayen JK, Ezeonwumelu J, Dare S, Okwanachi A, Adzu B, Ademowo
OG.

Anti-inflammatory,

anti-nociceptive

and

total

polyphenolic

content

of

hydroethanolic extract of Ocimum gratissimum L. leaves. Afr. J. Med. Med. Sci.
2014; 43: 215–224.
6. Elisée KK, Sitapha O, Cendrine S, Sylvie F Benoit F. Etude de quelques propriétés
biologiques de Ocimum gratissimum L., une Lamiaceae récoltée à Daloa (Côte
d'Ivoire). European Scientific Journal 2018 ; 14(3): 477-493
7. Prabhu KS, Lobo R, Shirwaikar AA, Shirwaikar A. Ocimum gratissimum: a review of
its

chemical,

pharmacological

and

ethnomedicinal

properties,

the

open

complementary medicine journal 2009; 1: 1-15.
8. Xilin O, Liuxin W, Yingming P, Shiwen H, Hengshan W, Gregorio BB, Stephen I,
Ekunwe N. Antioxidant properties and chemical constituents of ethanolic extract and
its fractions of Ocimum gratissimum. Med Chem Res 2013; 22: 1124–1130
9. Bilgrami KS, Choudhary AK. Mycotoxins in preharvest contamination of agricultural
crops In Eds. Sinha KK, Bhatnagar D, Mycotoxins in agriculture and food safety.
Marcel Dekker, New York; 1998.

10. Bindu S, Padma K. In vitro antifungal potency of some plant extracts against
Fusarium oxysporum. International Journal of Green Pharmacy 2009; 63-65.
11. Kporou KE, Coulibaly I, Rodica P, Pintea A, Ouattara S, Odagiu A. HPLC phenolic
compounds analysis and antifungal activity of extracts from Cymbopogon citratus
(DC) Stapf against Fusarium graminearum and Fusarium oxysporum sp tulipae.
Journal of Scientific Research & Reports 2017; 15(1):1-11.
12. Alam S, Akhter N, Begum F, Banu MS, Islam MR, Chowdhary AN. Antifungal
activities (in vitro) of some plant extracts and smoke on four fungal pathogens of
different hosts. Pak J Biol Sci 2002; 5:307-309.
13. Hibar K, Daami-Remadi M, El Mahjoub M. Effets de certains fongicides de synthèse
et biologiques sur la croissance mycelienne et l’agressivite de Fusarium oxysporum
sp. radicis-lycopersici. Tropicultura 2007 ; 25(3): 146-152.
14. Clarkson PM., Thompson HS. Antioxidants: What role do they play in physical
activity and health? American Journal of Clinical and Nutrition 2000; 72: 637S-646S.
15. Djeridane A, Yousfi M, Nadjemi B, Boutassouna D, Stocker P, Vidal N., 2006.
Antioxidant activity of some Algerian medicinal plants extracts containing phenolic
compounds. Food Chemistry. 97: 654-660.
16. Kaur C, John FL, Brett AS. The Fusarium laboratory manual. Blackwell Publishing
Professional. 1st Ed., Iowa, USA, 2006; 215 pages.
17. Liyana-Pathirana Chandrika M. and Fereidoon Shahidi, 2006. Importance of
Insoluble-Bound Phenolics to Antioxidant Properties of Wheat. Journa of Agriculture
Food and Chemistry 54: 1256-1264
18. Naczk M, Shahidi F. Extraction and analysis of phenolics in food. Journal of
Chromatography Analysis 2004; 1054: 95-111.
19. Bonta KR. Application of HPLC and ESI-MS techniques in the analysis of phenolic
acids and flavonoids from green leafy vegetables. J Pharm Anal 2017; 7(6):349–64.
20. Tsimidou M, Papadopolus G, Boskou D. Phenolic compounds and stability of virgin
olive oil part 1. Food Chemistry 1992; 45: 141–144.
21. Brand-Williams W, Cuvelier ME, Berset C. Use of free radical method to evaluate
antioxidant activity. Lebensm Wiss Technology 1995; 28: 25-30.
22. Lee SE, Hwang HJO and Ha JS. Screening of medicinal plant extracts for
Antioxidant activity. Life Sci. 2003; 73: 167-179
23. Abirami M, Muthuswamy S. Antioxidant potential, total phenolic and total flavonoids
content of various extracts from whole plant of Polycarpaea corymbosa lam. Asian J
Pharm Clin Res 2013; 6(4): 121-4.

24. Stalikas CD. Phenolic acids and flavonoids: Occurrence and analytical methods. In
Uppu

R.

M.,

et

al.

Free

radicals

and

antioxidant

Protocols,

Springer

Science+Business Media LLC 2010; 65-90.
25. Shukla S, Mehta A, Bajpai VK, Shukla S. In vitro antioxidant activity and total
phenolic content of ethanolic leaf extract of Stevia rebaudiana Bert. Food Chem
Toxicol.2009; 47(9):2338-43.
26. Armitage P. Statistical Methods in Medicinal Research. Oxford: Blackwell Scientific
1971; 200 pages.
27. Celso VN, Tania UN, Erika B, Abrahão FNM., Díogenes AGC. & Benedito PDF.
Antibacterial activity of Ocimum gratissimum L. Essential Oil, Mem. Inst. Oswaldo
Cruz 1999; 94 (5): 675-678.
28. Neelima R, Deepak K, Hari OS, Ganesh P, Choubey SK. Qualitative and
quantitative evaluation of secondary metabolites in leaves, roots, and stem of
Cleome viscosa L. International Journal of Green Pharmacy, 2018: 56-65
29. Shi. J, Yu J, Pohorly J, Young C, Bryan M, Wu Y. Optimization of the extraction of
polyphenols from grapes seed meal by aqueous ethanol solution. Food Agric
Environ. 2006; 1:42–47.
30. Gabor M, Johan L. Electron transfer indoles, phenols ans sulphite (SO32-) to
chloride dioxide (ClO2), the journal of physical chemistry 1988; 92 (1): 134-137.

APPENDIX

