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ABSTRACT 
 
Aims: Hydro-ethanolic extracts of Balanites aegyptiaca, Securidaca longepedunculata and 
Acacia gourmaensis from Burkina Faso were investigated for their phytochemical 
composition and their antioxidant activities.  

Methods: High-performance thin-layer chromatography (HPTLC) method was used for 
phytochemical screening. The total phenolic, total flavonoid and anthocyanin contents of 
extracts were assessed. The antioxidant potentials using 2,2-diphenyl-l­picrylhydrazyl 
(DPPH) and ferric reducing antioxidant power (FRAP) assays of the extracts were also 
evaluated.  

Results: Phenolic compounds, flavonoids and anthocyanins were present in all these plant 
extracts. Tannins were only found in Acacia gourmaensis extract. Acacia gourmaensis 
extract exhibited the highest total phenolics (             mg GAE/g), total flavonoids 

(            mg QE/g), total anthocyanins (               ) contents and had the 

highest antioxidant activity by DPPH (              and FRAP methods          
     ). Balanites aegyptiaca and Securidaca longepedunculata showed the lows phenolic 
compounds (           mg GAE/g and 76.69±1.84 mg GAE/g respectively); total 

flavonoids (          mg QE/g and             mg QE/g respectively), anthocyanins 
(24.49±1.43 µg/g and 24.57±0.52 µg/g respectively) contents and had the low antioxidant 
activity for DPPH method (           and            mg AAE/100g respectively) and 

FRAP method (            and            mg AAE/100g respectively).  

Conclusion: Balanites aegyptiaca, Securidaca longepedunculata, and Acacia gourmaensis 
represent natural sources of phenolic compounds, antioxidant activity and antifungal 
properties. 
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1. INTRODUCTION  
 
Fungi are the cause of important crop diseases. Many of these pathogens are carried on or 
inside seeds and can reduce seed germination and seedling emergence [1]. Seed-borne 
pathogens may cause seed abortion, seed rot, seed necrosis, reduced or eliminated 
germination capacity as well as seedling damage [2]. 



 

 

Plant extracts are considerable natural sources of antimicrobial compounds for the control of 
human and plant diseases [3]. Natural plant products are an important source of new 
chemicals in agriculture [4]. Plant-derived pesticides are available and cost effective in 
countries where synthetic pesticides are expensive [5]. A considerable number of natural 
products and medicinal plants contain some active phytochemical ingredients such as 
phenolic compounds, flavonoids, alkaloids, tannins, coumarins, curcuminoids or terpenes 
that induce various biological activities in animals including antioxidant, anti- inflammatory 
and anti-cholinesterase effects [6,7]. Plants used for their antifungal properties in Burkina 
Faso include Balanites aegyptiaca, Securidaca longepedunculata, and Acacia gourmaensis 
[8,9,10]. 

Balanites aegyptiaca (L.) Delile, known as desert dates belonging to the Zygophyllaceae 
family, is one of the most common wild plant species in the drylands of Africa and South 
Asia [11]. The plant (leaves, roots and bark, fruits) is used in phytotherapy for its potential 
antimicrobial effect [12]. Almost all parts of this plant are used in traditional medicine for anti-
inflammatory, anti-helminthic, insecticidal, anti-molluscicidal, anti-fungal, anti-bacterial 
activities [12]. It is traditionally employed in the treatment of jaundice, yellow fever, syphilis, 
diarrhea, epilepsy, cough and wound healing [13].  

Securidaca longepedunculata Fres, commonly known as violet tree, is a savanna grown 
medicinal plant belonging to the Polygalaceae family. It is commonly used as a medicine in 
many parts of Africa for the treatment of rheumatic conditions, fever, headache and various 
other inflammatory conditions [14]. Dried roots powder is also used as a pest control agent in 
storage, and methanol extracts of the roots have the potential to protect against insect pests 
and microbial agents [15][16]. 

Acacia gourmaensis A. Chev. is the member of the Fabaceae family known in Burkina Faso. 
The aqueous extract of this plant is used for antifungal activity [17]. 

In recent studies, Balanites aegyptiaca, Securidaca longepedunculata and Acacia 
gourmaensis hydro-ethanolic extracts are used against seed-borne fungi in Burkina Faso 
[9,10]. It is therefore necessary to study the phytochemistry and biological properties of 
these plant extracts to confirm their antifungal activity. 

The aim of the present work was to evaluate the phytochemical composition as well as the 
antioxidant activity of hydro-ethanolic extracts of Balanites aegyptiaca, Securidaca 
longepedunculata and Acacia gourmaensis. 
 

2. MATERIAL AND METHODS  
2.1. Plant material 
Fresh stem bark of Balanites aegyptiaca, Securidaca longepedunculata and Acacia 
gourmaensis was harvested from different trees during May 2018 in Mogtedo localized in the 
Plateau-Central region of Burkina Faso. The plant material was washed with tap water to 
remove debris and dust particles and then rinsed with sterile distilled water. They were dried 
under shade at 25°C, pulverized with a pestle and mortar, then kept in a sterile transparent 
polyethylene bag and stored at 4°C until used. 

2.2. Phytochemical composition 
2.2.1. High-performance thin-layer chromatography (HPTLC) screening 
Phytochemical screening of standard solution and samples (Se, Ba and Ag) extracts was 
performed on               silica gel         HPTLC (glass) plate (Merck, Darmstadt, 
Germany). 2 µL of each extract were applied as 5 mm bands with a semi-automatic plate 
spotter (CAMAG, Linomat V, Switzerland) set to dispense along a line 10 mm from the 



 

 

bottom edge of the plate. The distance between tracks was 10 mm. Distances from left and 
right edge of the plate were 20 mm. The plates were placed in a            vee-bottomed 
TLC tank (saturation time 30 min) containing ethyl acetate: formic acid: acetic acid: water 
(100:11:11:26) and ethyl acetate: water: methanol: n-hexane (11.9:1.6:1.4:3.5) respectively 
for flavonoids and tannins. The developed plates were then dried with an air dryer (cold air) 
for 5 min. Concerning flavonoids, the plate was heated at 105°C for two (02) min and 
sprayed with the Neu reagent. Evaluation was performed under UV 366 nm. As for the 
tannins, the plate was sprayed with a 2 % FeCl3 reagent. Evaluation was performed under 
white light. 
2.2.2. Determination of total phenolic content 
Total phenolic content was determined, according to Singleton et al. [18]. Different plants 
extracts (25 µL, 100 µg/mL in Methanol) were mixed with Folin Ciocalteu reagent (105 µL, 
0.2 N) and 5 min later with sodium bicarbonate (100 μL, 75 g/L). After 1-hour incubation, the 
absorbance of each mixture was measured at 760 nm against a blank with a microplate 
reader. A standard calibration curve was plotted using Gallic acid (0-100 mg/L). Polyphenol 
content was expressed as mg of Gallic acid equivalent per g of extract (mg GAE/g). 
2.2.3. Determination of total flavonoids content 
The total flavonoids content was estimated according to the method of Dowd as adapted by 
Arvouet–Grant et al. [19]. Different extracts of plants (75 µL, 100 µg/ mL) were mixed with 
aluminum trichloride (75 µL, 2% in methanol). Absorbances were read at 415 nm after 10 
min of incubation against a blank using a microplate reader. Total Flavonoids content was 
expressed as mg of quercetin equivalent per g of extract (mg QE/g) using a standard 
calibration curve of quercetin (0-150 mg/L). 
2.2.4. Total anthocyanins assays 
Anthocyanin contents of samples were carried out by spectrophotometer (SHIMAZU) 
following the pH-differential method [20]. Two buffers were used in this method: potassium 
chloride pH1.0 (0.025 M) and acetate buffer pH4.5 (0.4 M). Briefly, 0.2 mL of sample extract 
was added to 1.8 mL of each buffer. Each mixture was read against a blank at 510 and 700 
nm. Absorbance (A) was evaluated following the formula: 
A = (A510 – A700) pH 1.0 – (A510 – A700) pH 4.5 

The concentration of total monomeric anthocyanins in the sample was determined according 
to the calculation of cyanidin-3-glucoside concentration below:  

             
                   

       
 

A: Absorbance; M: Molecular Weight; (449.2); DF: Dilution Factor; ε: Molar Absorptivity 
(26900). 
 

2.3. Antioxidant activity 
2.3.1. DPPH Radical Scavenging Activity 
The ability of plant extracts to scavenge the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 
was evaluated at 517 nm, as described by Sombié et al. [21]. The DPPH Radical 
Scavenging Activity was expressed as µg of ascorbic acid equivalent per g of extract (µg 
AAE/g of extract). 
2.3.2. Ferric Reducing Antioxidant Power (FRAP) Assay 
The ability of the plant extracts to reduce iron (III) to iron (II) was measured at 700 nm 
following the procedure described by Sombié et al. [21]. Iron (III) reducing activity was 
determined as µg quercetin equivalent per g of dry seed extract (µg QE/g of extract).  

3. RESULTS AND DISCUSSION 
Three local plants, Balanites aegyptiaca, Securidaca longepedunculata and Acacia 
gourmaensis from Burkina Faso used as antifungal extracts were studies to confirm their 
biological activities.  



 

 

Hydro-ethanolic extract of Balanites aegyptiaca, Securidaca longepedunculata and Acacia 
gourmaencis screened for their phytochemical composition by HPTC were presented in Fig 
1. Two major phytochemical groups are identified in the tree plants extracts: flavonoids and 
tannins.  

Flavonoids are secondary metabolites and are considered to be one of the most common 
groups of natural constituents found in plants [22]. Kahkonen et al. [23] stated that flavonoids 
are probably the most important natural phenolics due to their broad spectrum of chemical 
and biological activities, including antioxidant, antimicrobial activity and free radical 
scavenging properties.  

In this study, flavonoids were found in all these three species with a relative abundance and 
less differentiation in Balanites aegyptiaca and Securidaca longepedunculata (Fig. 1).  

Tannins are polyphenolic secondary metabolites of higher plants [24]. They are associated 
with plant defense mechanisms [25]. The group of vegetable tannins is composed of two 
classes, the‘‘hydrolysable’’ and the ‘‘condensed’’ tannins according to their chemical 
structure and properties. It has been demonstrated that condensed tannins have more 
antimicrobial properties [24]. The present study reported that tannins are more present in 
Acacia gourmaensis extract (Fig. 1). Previous studies revealed the presence of tannin only 
in Securidaca longepedunculata leaves extracts [16,26]. However, tannin is seldom found in 
Balanites aegyptiaca extract [13,27]. 

 
SI: Securidaca longepedunculata; Ba: Balanites aegyptiaca; Ag: Acacia gourmaensis. 

Fig 1: Phytochemical screening of Balanites aegyptiaca, Securidaca 
longepedunculata and Acacia gourmaensis (a): flavonoids, (b): tannins 

Further confirmation by quantitative assays of phenolic compounds, flavonoids, and 
anthocyanins content of three plant species is shown in Fig 2. 

Phenolic compounds are commonly found in plants and have been reported to have a wide 
range of biological activities, including antioxidant properties [28,29]. In this study, the total 
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polyphenol content of Acacia gourmaensis hydro-ethanolic extract was 807.58±28.63 mg 
GAE/g and showed a highly significant difference (P < 0.05). Balanites aegyptiaca and 
Securidaca longepedunculata had low total phenolic contents of 80.72±2.11 and 76.69±1.84 
mg GAE/g extract, respectively. Another investigation in Burkina Faso reported law total 
polyphenol content (532 mg GAE/g) in stem bark methanolic extract of B. aegyptiaca [30]. 
Muanda et al. [31] showed that the aqueous methanol root extract of Securidaca 
longepedunculata content was 9.86 mg GAE/g. 

Total flavonoids were ranged from 271.39±58.46, 104.54±9.65 to 88.70±1.65 mg QE/g of 
extract respectively for Acacia gourmaensis, Securidaca longepedunculata, and Balanites 
aegyptiaca. Acacia gourmaensis hydro-ethanolic extract contained significantly higher total 
flavonoid contents (P < 0.05) than the two other plants studied in this work. Previously in 
Burkina Faso, Karama et al. [32] were shown that S. longepedunculata methanolic extract 
content more flavonoids in leaves from warm period (40.96 ± 0.19 mg QE/g) than leaves 
collected in cold period (28.74 ±0.39 mg QE/g). In other hands, Ouedraogo et al., [30] 
founded 14±0.02 mg GAE/g flavonoids in the stem bark methanolic extract of B. aegyptiaca. 

Anthocyanins are water-soluble pigments derived from flavonoids via the shikimic acid 
pathway [33]. Anthocyanins are attractive compounds due to their biological properties, 
mainly as antioxidants or antifungal properties [34,35]. The Anthocyanins content in our 
hydro-ethanolic plant extracts were 83.16±0.14, 24.57±0.52 and 24.49±1.43 µg/g 
respectively for A. gourmaensis, S. longepedunculata and B. aegyptiaca. Acacia 
gourmaensis extract contained a significantly higher content of anthocyanin among all the 
other plants (P < 0.05).  

 
Fig 2. Phytochemical content of Balanites aegyptiaca, Securidaca longepedunculata 
and Acacia gourmaensis 

 

The antioxidants activities of three plant extracts were analyzed using the free radical 
scavenging capacity 2,2-diphenyl-1-picrylhydrazyl (DPPH), the ferric reducing antioxidant 
power (FRAP) (Fig. 3).  



 

 

The DPPH radical scavenging activity test is an indirect method for determining the 
antioxidant activity, which is based on the ability of the stable free radical 2,2-diphenyl-1-
picrylhydrazyl to react with hydrogen donors, including phenols [36]. Chemicals which are 
able to change the color of the DPPH free radical from violet to yellow can be considered as 
antioxidants and, therefore, radical scavengers [37]. Acacia gourmaensis hydro-ethanolic 
extract of the present study showed high DPPH radical scavenging activity (330.84±16.23 
mg AAE/100 g of powder) with a significant difference than two other plants (P < 0.05). 
Securidaca longepedunculata and Balanites aegyptiaca extract showed low DPPH 
scavenging activity with 56.20± 3.79 and 46.83± 3.01 mg AAE/100 g respectively.  

The FRAP assay measured the ability of phenolics to reduce Fe (3+) to Fe (2+). The results 
of the FRAP method were similar to those of DPPH method. The FRAP assay determined 
the reducing power of plant extracts resulting from the ability of their components to donate 
electrons and, therefore, participate in redox reactions [21]. In the present study, Acacia 
gourmaensis hydro-ethanolic extract had a significantly (P < 0.05) higher reducing power 
capacity (3211.11±52.24 mg AAE/100 g of powder) followed by Balanites aegyptiaca, and 
Securidaca longepedunculata (102.06±5.09, and 57.78±0.99 mgAAE/100 g of powder, 
respectively).  

This study confirmed the antioxidant activity of Balanites aegyptiaca, and Securidaca 
longepedunculata as reported by previous workers [31,38]. 

 
Fig 3: Antioxidant activity of Balanites aegyptiaca, Securidaca longepedunculata, and 
Acacia gourmaensis 
In this study, for the first time, phytochemical composition and antioxidant activity of Acacia 
gourmaensis extract have been examined. However, previous studies demonstrated that A. 
gourmaensis have some antifungal activities [10,17].  

The present study showed that the extracts possessing the highest phenolic contents were 
also found to have the highest flavonoids, and anthocyanins contents. The same trains were 
observed with antioxidant activity from the DPPH and FRAP methods. The Acacia 
gourmaensis hydro-ethanolic extract was the most efficient in phytochemical content and 
antifungal activity followed by Securidaca longepedunculata and Balanites aegyptiaca  



 

 

Indeed, phenolic compounds (flavonoids, tannins, anthocyanins) have been reported as 
antioxidants, scavengers of a wide range of reactive oxygen species and inhibitors of lipid 
peroxidation, and also as a potential antimicrobial agent [39]. 

In the view of antimicrobial activity, Junaidu et al., [26] attributed antifungal effects of S. 
longepedunculata by the presence of the active phytochemicals like flavonoids tannins, 
saponins, alkaloids and glycosides in the extracts. Recent studies revealed that S. 
longepedunculata hydro-ethanolic extract had an important antifungal activity [10,26]. 
Likewise, Tula et al. [27] reported that leaves of Balanite aegyptiaca aqueous extracts 
possessed polyphenols, saponins, steroids, and flavonoids. However, flavonoids and tannins 
were not found with B. aegyptiaca alcoholic extracts [12,38]. Very recent studies showed 
antifungal activity of B. aegyptiaca [8,10]. 

Regarding phytochemical content and antioxidant activity, Acacia gourmaensis is supposed 
to have more antifungal activity, as described other others in previous studies [6]. However, 
the opposite was found in our previous study. Indeed, we have done a comparison of 
antifungal activity of Acacia gourmaensis, Securidaca longepedunculata and Balanites 
aegyptiaca. This study showed that Acacia gourmaensis have the lowest antifungal activity 
followed by Securidaca longepedunculata and Balanites aegyptiaca [9,10]. Indeed, Demirci 
et al. [40] reported that plant extracts antimicrobial properties could be inhibited by certain 
compounds used as a source of energy by microorganisms. Moreover, antimicrobial activity 
is more linked to specific molecules and synergy effects of bioactive constituents in plant 
extracts [41]. 

4. CONCLUSION 
 
This study has shown that Acacia gourmaensis, Securidaca longepedunculata, and 
Balanites aegyptiaca from Burkina Faso, have some phytochemicals, antioxidant with known 
antifungal activities. The hydro-ethanolic extracts of Acacia gourmaensis, which had the 
highest total phenolics, flavonoids and anthocyanins contents, were found to possess the 
strongest radical scavengers in both DPPH and FRAP assays. There is not a positive 
correlation between Acacia gourmaensis phytochemical content, antioxidant activity and 
antifungal activity. Nevertheless, the present study provides some information on the 
phytochemical and antioxidant activity of Acacia gourmaensis, Securidaca longepedunculata 
and Balanites aegyptiaca which paves the way for further research to identify the active 
compounds responsible for the biological activity of the plants. 

 

 
REFERENCES 
 
1. Amza J. Seed borne fungi; food spoilage, negative impact and their management: a 
review. Food Science and Quality Management. 2018; 81:70-79. 
2. Perelló A, Gruhlke M, Slusarenko AJ. Effect of garlic extract on seed germination , 
seedling health, and vigour of pathogen-infested wheat. Journal of Plant Protection 
Research. 2013; 53(4):317-323. 
3. Aryal S, Baniya MK, Danekhu K, Kunwar P, Gurung R, Koirala N. Total phenolic 
content, flavonoid content and antioxidant potential of wild vegetables from Western Nepal. 
Plants. 2019; 8:(96):1-12. 
4. Švecová E, Colla G, Crinò P. Antifungal activity of Boerhavia diffusa L . extract 
against Phytophthora spp. in tomato and pepper. Eur J Plant Pathol, 2017; 148:27-34. 
5. Parveen T, Sharma K. Pythium diseases, control and management strategies: A 
review. Int. J. Plant, Anim. Environ. Sci. 2015; 5(1):244–257. 



 

 

6. Arif T, Bhosale JD, Kumar N, Mandal TK, Bendre RS, Lavekar GS et al. Natural 
products - antifungal agents derived from plants. Journal of Asian Natural Products 
Research. 2009; 11(7):621-638. 
7. Abushama MF, Hilmi YI, Abdalgadir HM, Fadul E, Khalid HE. Lethality and 
antioxidant activity of some Sudanese medicinal plants' fixed oils. European Journal of 
Medicinal Plants. 2014; 4(5):563-570. 
8.  Zida PE, Néya BJ, Soalla RW, Sérémé P, Lund OS. Seed-priming of sorghum with 
antifungal extracts from Balanites aegyptiaca and Eclipta alba in different agro- ecological 
zones of Burkina Faso. African J. Agric. Res. 2018; 13(44):2516-2525. 
9. Nitiema LW, Nikiema FW, Sombié PAED, Sérémé D. Efficacy of Balanites 
aegyptiaca (L.) Del . Hydro-Ethanolic Extract against Three Rice Seed-Borne Fungi. 
International Journal of Science and Research. 2019; 8(11):1147-1151. 
10. Nitiema WL, Nikiema WF, Sombié PAED Sérémé D. Antifungal activity of 
Securidaca longepedunculata and Acacia gourmaencis hydro-ethanolic extracts against tree 
rice seed borne fungi. Annual Research & Review in Biology. 2020. 
11. Hall JB, Walker DH. Balanites aegyptiaca Del. a monograph. School of Agriculture 
and Forest Sciences. Banger: University of Wales. 1991;980-910. 
12. Abdallah EM, Ben Hsouna A, Al-khalifa KS. Antimicrobial, antioxidant and 
phytochemical investigation of Balanites aegyptiaca (L.) Del . edible fruit from Sudan. African 
Journal of Biotechnology. 2012; 11(52):11535-11542. 
13. Abdulhamid A, Sani I. Preliminary phytochemical screening and antimicrobial activity 
of aqueous and methanolic leave extracts of Balanites aegyptiaca (L.). International 
Research Journal of Pharmaceutical and Biosciences. 2016;3(1):1-7. 
14. Mongalo NI, McGaw LJ, Finnie JF, VanStaden J. Securidaca longipedunculata 
Fresen (Polygalaceae): A review of its ethnomedicinal uses, phytochemistry, 
pharmacological properties and toxicology. Journal of Ethnopharmacology 2015;1-12. 
15. Belmain SR,Neal GE, Ray DE, Golob P. Insecticidal and vertebrate cytotoxicity 
associated with ethnobotanicals used as post-harvest protectants in Ghana. Food Chemistry 
and Toxicology. 2001; 39:287-291. 
16. Ndamitso MM, Mohammed A, Jimoh TO, Idris S, Oyeleke SB, Etsuyangkpa MB. 
Phytochemical and antibacterial activity of Securidaca longepedunculata on 
selectedpathogens. Africa Journal of Microbiology Research. 2013; 7:5652-5656.  
17. Zida EP, Sérémé P, Vand VL, Sankara P. Effect of Aqueous Extracts of Acacia 
gourmaensis A. Chev and Eclipta alba (L.) Hassk. on seed health, seedling vigour and grain 
yield of sorghum and pearl millet. Asian Journal of Plant Pathology. 2008; 2(1):40-47. 
18. Singleton VL, Orthofer R, Lamuela-Raventos RM, Analysis of total phenols and 
other oxidation substrates and antioxidants by means of Folin-ciocalteu reagent. Methods 
Enzymol. 1999; 299:152-178. 
19. Arvouet-Grand A, Vennat B, Pourrat A, Legret P. Standardisation d’un extrait de 
propolis et identification des principaux constituants. J. Pharm. Belg. 1994; 49:462-468. 
20. Hema A, Palé E, Sérémé A, Nacro M. Comparison of total antioxidant capacity, 
polyphenolic, and anthocyanins contents from some varieties of dry beans of Burkina. 
ChemXpress. 2016; 9(5):1-9. 
21. Sombié PAED, Compaoré M, Coulibaly AY, Ouédraogo JT, Tignégré J-B, 
Kiendrébéogo M. Antioxidant and phytochemical studies of 31 cowpeas (Vigna unguiculata 
(L. Walp.)) Genotypes from Burkina Faso. Foods. 2018; 7(143):1-9. 
22. Lattanzio V. Phenolic Compounds: Introduction. Chapter. 2014; 1543-1580. 
23. Kahkonen MP, Hopia AI, Vuorela HJ, Rauha JP, Pihlaja K, Kujala TS, et al. 
Antioxidant activity of plant extracts containing phenolic compounds. J. Agric. Food Chem. 
1999; 47(10):3954-3962.  
24. Khanbabaee K, van Ree T. Tannins: classification and definition. Nat. Prod. Rep. 
2001; 18:641-649. 



 

 

25. Hassanpour S, Maheri-sis N, Eshratkhah B, Mehmandar FB. Plants and secondary 
metabolites (Tannins): A Review. International Journal of Forest, Soil and Erosion. 2001; 
1(1):47-53.  
26. Junaidu S, Shehu K, Aliero AA, Bawa JA, Suleiman I. Evaluation of Antifungal and 
Phytochemical Properties of Violet Tree (Securidaca longepedunculata Fres). Glob. J. Sci. 
Front. Res. C Biol. Sci., 2014; 14(5):1-6. 
27. Tula MY, Danchal TB, Iruolaje FO, Onyeje GA. Studies on Phytochemical 
Constituents and Antibacterial Potentials of Extracts of Balanites aegyptiaca (Del.) Parts on 
Antibiotic Resistant Bacterial Isolates. European Journal of Medicinal Plants. 2014; 4(7):854-
864. 
28. Kuda T, Kunii T, Goto H, Suzuki T, Yano T. Varieties of antioxidant and antibacterial 
properties of Ecklonia stolonifera and Ecklonia kurome products harvested and processed in 
the Noto peninsula, Japan. Food Chemistry. 2007; 103:900-905. 
29. Wang T, Jónsdóttir R, Ólafsdóttir G. Total phenolic compounds, radical scavenging 
and metal chelation of extracts from Icelandic seaweeds. Food Chemistry. 2009; 116: 240-
248. 
30. Ouedraogo V, Rouamba A, Compaoré E, Compaoré M, Kiendrebeogo M. 
Antioxidant , antiquorum-sensing and antibiofilm activities of Balanites aegyptiaca (L.) Del . 
(Balanitaceae). Advances in Biochemistry. 2018; 6(4): 26-31.  
31. Muanda FN, Dicko A, Soulimani R. Assessment of polyphenolic compounds , in vitro 
antioxidant and anti-inflammation properties of Securidaca longepedunculata root barks. 
Comptes Rendus Biologies. 2010; 333:663-669.  
32. Karama I, Compaoré M, Traore O, Sanon S, Lagnika L, Kiendrebeogo M. 
Comparative study of leaves and root bark from Securidaca longepedunculata Fresen 
(Polygalaceae): Phytochemistry and antiplasmodial activity. The Pharma Innovation Journal. 
2018; 7(10): 178-184.  
33. Jing P, Giusti MM. Effects of extraction conditions on improving the yield and quality 
of an anthocyanin-rich purple corn (Zea mays L.) color extract. J. Food Sci. Chicago. 2007; 
72(6):363-367. 
34. Schaefer HM, Rentzschb M, Breuer M. Anthocyanins Reduce Fungal Growth in 
Fruits. Natural Product Communications. 2008; 3(8):1267-1272. 
35. Mendoza L, Cotoras M, Vivanco M, Matsuhiro B, Torres S, Aguirre M. Evaluation of 
antifungal properties against the phytopathogenic fungus Botrytis cinerea of anthocyanin 
rich-extracts obtained from grape pomaces. J. Chil. Chem. Soc. 2013; 58(2):1725-1727. 
36. Roginsky V, Lissi EA. Review of methods to determine chain-breaking antioxidant 
activity in food. Food Chem. 2006; 92: 235-254. 
37. Hinneburg I, Dorman HJD, Hiltunen R. Antioxidant activities of extracts from 
selected culinary herbs and spices. Food Chem. 2006; 97: 122-129. 
38. Kabbashi SA. Antigiaedial, antiamoebic, antimicrobial, antioxidant activity, 
cytotoxicity and phytochemical of ethanolic fruits of Balanites aegyptiaca (L.) Del. from 
Sudan. World J Pharm. Res. 2015; 4(3): 1-21. 
39. Cox S, Abu-Ghannam N, Gupta S. An assessment of the antioxidant and 
antimicrobial activity of six species of edible Irish seaweeds. Int. Food Res. J. 2010; 220: 
205–220. 
40. Demirci F, Dolar FS. Effects of some plant materials on Phytophthora blight 
(Phytophthora capsici Leon.) of Pepper. Turk J Agric. 2006;(30): 247-252. 
41. Dibala CI, Konaté K, Diao M, Ouedraogo M, Dicko MH. Chemical composition , 
antioxidant and antibacterial properties of extracts from Ocimum americanum L.. against 
multi-resistant food bacteria. WORLD J. Pharm. Pharm. Sci. 2016; 5(12): 1549-1567. 
 

 
 


