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Abstract

Mango fruit is one of the most nutritionally rich fruits with unique flavor, this
fruit belonged to family of Anacardiaceae and it is an excellent source of vitamins
specially vitamin A, carotene pigments and potassium. In this study the
antimicrobial activity of mango seeds extract has been investigated against gram
positive bacteria (Staphylococcus aureus and Bacillus spp.) and gram negative
bacteria (Pseudomonas aeruginosa and E. coli) and yeast Candida albicans by well
diffusion method in nutrient agar and the results were expressed as the diameter of
bacterial inhibition zones surrounding the wells, and the antibiofilm of its extracts
was observed against Staphylococcus aureus. The seeds extractions prepared by two
solvents: 85% ethanol and 85% acetone, also the minimum inhibition concentration
values (MIC) was determined for the two extracts. Also the compounds of the
mango seeds extracts were identified by using gas chromatography-mass
spectrometry (GC-MS). The results showed that the ethanol mango seeds extraction
more efficient than acetone extraction as the inhibition zones by ethanol extract
ranging between 15mm — 27mm while by acetone extract between 12mm-25mm,
the MIC for two solvents extracts was approximately at the concentration 125 pg/ml
and the antibiofilm test showed the ethanol extract inhibited the bacterial adhesion
on glass tube and that cause biofilm detachments on it in compare with control tubes
more than acetone extract which showed low effect.

Keywords: antimicrobial activity, antibiofilm activity, well diffusion method,
minimum inhibition concentration, gas chromatography-mass.
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Introduction

Mango is one of the most important tropical fruits in the world. During processing of mango, by-
products such as peel and kernel (seed) are generated. The seed takes up about 17-22% of the fruit [1].
The shape of mango seed is a single flat oblong seed that can be fibrous or hairy on the surface, the
inside seed coat 1 - 2 mm thick is a thin lining covering a single embryo, 4 - 7 cm long, 3 - 4 cm wide,
and 1 cm thick. Mango seed consists of a tenacious coat enclosing the kernel [2] Figure-1. Barreto et
al. [3] reported that the extract of different parts of mango possess several biological and
pharmacological properties. Alcoholic extract of mango seeds showed anti-inflammatory activity in
acute, sub-acute and chronic cases [4]. Sowmiya et al. [5] mentioned the antibacterial activity for
mango seeds ethanolic extract, the extract showed good activity against pathogenic bacteria such as: E.
coli, Pseudomonas aeruginosa, Staphylococcus aureus, Klebisella pneumoniae and Streptococcus
pyogenes. Phenolic, tannins and flavonoids compounds in mango seed are found to be responsible for
antimicrobial property. They acts on microorganisms by inhibiting extracellular microbial growth and
by avoiding oxidative phosphorylation. Also mango seed kernel oil used to kill abdominal worm and
so given as a cure for vomiting, diarrhea and hyperacidity [6].
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Figure 1- A- Mango fruit B- Mango seed (Imaged by author)

Materials and Methods:
Bacterial and Fungal isolates

The bacterial isolates were obtained from central Lab. in department of Biology / College of
Science/ University of Baghdad, the used bacteria were:

Gram-positive: Staphylococcus aureus and Bacillus spp., Gram-negative: Escherichia coli and
Pseudomonas aeruginosa and the yeast: Candida albicans.
Preparation and Extraction of Mango Seed

The mango seeds were collected manually from mango fruits, washed to get rid of any adhering
fruit flesh and then air-dried. The seeds were grinded by using grinder till became powder and
preserved for analyses. After that, the extraction solvents required (85% ethanol and 85% acetone)
were prepared to the extraction process. For preparing extracts we prepare 1:10 (w:v) weight the
powder and dissolved in ethanol acetone (85%) then used vortex to mix them for approximately 5min,
and so could prepare any concentration we need in the same way. and leave the mixture of extraction
at the refrigerator for 24hrs. then the extracts were centrifuged in cooling centrifuge for about 15-20
min. then taken the supernatant and stored the extracts in 4°C until utilization for the next procedures
[7].

Antimicrobial Activity for Mango Seed Extracts (ethanol extract and acetone extract)

The antimicrobial activity of various mango seed extracts was tested by agar diffusion method. The
plates containing nutrient agar was spread with 0.1 ml of all the isolates, with cork-borer making 8mm
wells in the agar then these wells filled with 0.1 ml of various seed extracts. The plates inoculated with
different isolates were incubated at 37°C for 24hrs after that results observed as measuring the
diameter of inhibition zones (clear zone without growth around the colony) [8].
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Minimum Inhibition Concentration (MIC)

Seven concentrations for the solvents extract were prepared (1000 pg/ml, 500 pg/ml, 250 pg/ml,
125 pg/ml, 62.5 pg/ml, 31.25 pg/ml and 15.62 pg/ml). Extracts samples were pipetted into glass tubes
containing nutrient broth, the final volume was 2ml (solvent extract and nutrient broth) in each tube.
The tube was mixed by using vortex mixture before the previous steps were repeated in order to obtain
another dilute sample. Then, 0.1ml from the overnight inoculum for each isolates were added (the
isolates were calibrated with McFarland tube 10° cell/ml). The tubes were incubated at 37°C for 24hrs.
the first concentration of component that did not permit any visible growth of the inoculated test
organisms in broth culture (clear) after series of growth in tubes (turbid tubes) was regarded as
minimum inhibitory concentration (MIC) in each case [9].

Identification of the Mango Seed Extracts Compounds using GC-MS

Gas chromatography — mass spectrometry was used for identification of the mango seed extract by
using apparatus type Shimadzu GCMS-QP2010Ultra, the injection volume was 5pl.
Antibiofilm activity of various mango seeds extracts

This test performed to detect the ability of the extract to effect on or prevent the bacteria S. aureus
to adhere on smooth surface (glass tube). This test was performed by cultivating the tested bacteria in
glass tube contain 2ml nutrient broth, all tubes were incubated at 37°C for 24hrs, after incubations the
tubes content removed then 2ml of 125 ug/ml mango seed extract by ethanol solvent added to one tube
and 2ml of 125 pg/ml mango seed extract by acetone added to another tube the tubes incubated at
37°C for 24hrs (control tube made by nutrient broth and bacteria only) after that the tubes content
were removed and the tubes stained by adding 2ml of 0.1% crystal violate for approximately 1-5min.
then washed the tubes and see the effect of the extractions on the film that present on the wall of glass
tubes in compare with the control tube. The result arranged as medium or weak effect of extract on
biofilm production and [10, 11].

Results and Discussions:
Antimicrobial activity for mango seed extracts (ethanol extract and acetone extract)

The antimicrobial activity of 100mg/ml mango seeds extract by both solvents ethanol and
acetone (85%) were performed by agar diffusion method, the results of these activities of each
solvents were expressed in terms of diameter (mm) of the inhibition zone as in the Table-1. The results
showed the ethanol extract was active slightly more than acetone extract on most microbial growth
which give highest effect on bacteria P. aeruginosa and S. aureus 20mm in other hand acetone extract
effect was 17mm, 18mm respectively and on fungi (yeast) C. albicans the result was 27mm for
ethanol extract in compare with 25mm for acetone extract (Figure-2).

Table 1- Antimicrobial activity (inhibition zones mm) of mango seed extract for both ethanol and acetone
solvents by using well diffusion method in agar plate.

. . . Candida
Sample P. aeruginosa | E.coli | Bacillus spp. | S.aureus albicans
Mango seeds ethanol extract 20mm 18mm 15mm 20mm 27mm
Mango seeds acetone extract 17mm 18mm 12mm 18mm 25mm
Control ethanol (85%)
Control acetone (85%)

*Note: means no inhibitions zone

Figure 2- Antimicrobial activity for mango seeds ethanol and acetone extracts
(1- P. aeruginosa 2- E.coli 3-Bacillusspp. 4-S.aureus 5- Candida albicans)
The wells: CM = Control acetone, CE = Control ethanol, M or M+2 = acetone extract, E or E+2 = ethanol
extract
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Abdullah [12] found that the ethanolic extract of mango kernel has the best antibacterial activity
(18mm) for B. subtilis followed by acetone extract (17mm), methanol extract (17mm) and distilled
water (14mm); since the control tetracycline has shown the highest inhibition 28 mm on B. subtilis,
therefore, it is essential to compare the capability of the extract with the best standard of inhibition
activity [7]. Antibacterial activities of methanol and ethanol extracts of mango seed showed inhibitions
to 25 types of tested organisms with variable inhibition zones. Except one organism (Rhodococcus
equi), no resistance among the tested strains was shown. The mean zone of inhibition produced ranged
between 5 mm for Nocardia farcinica and 18 mm Mycobacterium smegmatis which showed the
highest zone of inhibition. Candida albicans and Aspergilllus niger were both inhibited by the extracts
10mm and 9mm respectively. The methanol and ethanol extracts of mango seed showed good
inhibitory effects against almost all tested strains [13].

Minimum Inhibition Concentration (MIC)

Different concentration of the mango seeds of both ethanol extract and acetone extract (85%) were
performed (1000, 500, 250, 125, 62.5, 31.25 and 15.62) ug/ml. The results showed that the MIC (the
concentration of first clear tube appear after serial turbid tubes considered as MIC tube) for all tested
microorganisms was 125 pg/ml in mango seeds ethanol extract and also for acetone extract the MIC
was 125 ug/ml for the tested isolates except P. aeruginosa the MIC was 250 ug/ml and Bacillus spp.
MIC was 62.5 pug/ml.

Minimum inhibitory concentration (MIC) refers to the lowest concentration of the antimicrobial
agent which is required for the inhibition of visible growth of the tested microorganism [14]. The
antimicrobial activity of an extract is usually quantified by determining the MIC values which could
be used as a guide for the treatment of most infections, The MIC values of Mangifera indica seed
extract were 156 pg/ml and 625 pg/ ml respectively against Micrococcus flavus. The seed showed
MIC values 78 pg/ ml and 1250 pg/ml against Proteus morganii and Klebsiella pneumoniae
respectively [15]. Alternatively to synthetic compounds, natural compound obtained from some plants
are rich in phenolic compounds and can enhance overall quality through decrease in lipid oxidation
and microbial growth [16].

Identification of the mango seed extracts compounds using GC-MS

To determined the components of mango seeds in ethanol and acetone extraction the gas
chromatography-mass was conducted, the results of this analysis shown in the following Tables (-2,-3)
and Figures (-3,-4).

Table 2- GC-MS analysis showing the compounds present in ethanolic extract of mango seeds
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Figure 3- GC-MS analysis showing the peaks of possible compounds present in ethanolic extract of mango
seeds sample

Table 3- GC-MS analysis showing the compounds present in acetone extract of mango seeds
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Figure 4- GC-MS analysis showing the peaks of possible compounds present in acetone extract of mango seeds
sample

The results showed that the ethanol extract of mango seeds contains 28 compounds and the
highest% of compounds between them are: Glycerin 13.06%, acetic acid 12.40%, dodecanoic acid
9.86%,4H-Pyran-4-one,2,3-dihydroxy-6-meth7.40%,2-Furancarboxaldehyde,5-(hydroxymethyl)-
6.35%, Silan, dimethoxydimethyl- 5.20%, 2-Furanmethanol 4.88% and Propanoic acid, 2-oxo-,methyl
ester 4.74%; While the acetone extract contain 39 compounds and the highest% of compounds
between them are: 2-Pentanone, 4-hydroxy-4-methyl- 26.10%, Acetic acid 9.35%, 2-
Furancarboxaldehyde, 5-(hydroxymethyl)- 7.76% and 4H-Pyran-4-one, 2,3-dihydro-3,5dihydroxy-6-
methyl- 6.21% and other compounds in both extracts. Mango seed kernel consist of many compound
some of them are crude protein, oil, ash, crude fiber, and carbohydrate [1], The mango seed reported to
be a good source of phenolic compounds [17] including microelements like selenium, copper and zinc,
in addition, the extract of mango seeds contains phenolic compounds, tannins and flavonoids which
found to be responsible for antimicrobial property. They effects on microorganisms by inhibiting
extracellular microbial; growth and by avoiding oxidative phosphorylation [6]. Mango seed kernels
contained an amount of phenolic compounds, unsaponifiable matter, lipids and a low amount of crude
protein, and the quality of protein was good because it was rich in all essential amino acids with
highest values of leucine, valine and lysine. Eight phenolic compounds were reported, tannin and
vanillin were in highest amounts. Unsaponifiable matter showed the occurrence of high amounts of
squaline followed by sterols and tocopherols. Stearic acid was the main saturated fatty acid, while
oleic acid was the major unsaturated fatty acid in all lipid classes. Also phospholipid had a high
amount of palmitic, linoleic and linolenic acids [18]. According to mango variety, mango seed kernels
contain on a dry weight average 77% carbohydrate, 11% fat, 6.0% protein, 2.0% crude fiber and 2.0%
ash. Mango seed kernels were shown to be a good source of polyphenols, B-sitosterol, tocopherols and
phytosterols as campesterol, the specific bioactive component that identified in the ethanolic extract of
mango kerenal by GC-MS and responsible for antibacterial activity as phenol is 2,4-bis (1,1-
dimethylethyl) in 0.92% concentration [7].

Antibiofilm activity of various mango seeds extracts

The effect of mango seed extract for both ethanolic extract and acetone extract was conducted
against S. aureus to study the ability of these extracts to prevent the production of biofilm on glass
tube from this bacteria, the result was observed qualitatively by appearance of thin film adherence on
the wall of glass tubes as showing in the Figure-5.
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The results obtaind from Figure-5 made clear that in compare with control tubes the mango seed
ethanolic extract has a good ability to affect bacterial biofilm and prevent its adnerence on the walls
and bottom of glass tubes, while the mango seed acetone extract have medium ability to effect on
biofilm adherence on glass tubes walls and bottom at the same condition with ethanol extract.
Geethashri et al. [19] found in there study on antimicrobial activity of mango extracts on a variety of
pathogens, its antibiofilm activity against S. aureus. The ethanolic extract of Thai mango (Mangifera
indica L. cv. ‘Fahlun’, Anacardiaceae) seed kernels (MSKE) contains a relatively high phenolic
content of pentagalloylglucopyranose (PGG) (61.28%) and relatively smaller amounts of gallic acid
(GA) (0.44%) and methyl gallate (MG) (0.68%) [20]. Mango seed extract and its principles have been
pharmacologically documented to have anti—inflammatory, antioxidant, anti-tyrosinase, and
hepatoprotective activities [21]. The alcoholic extract from mango seed kernel extract and its phenolic
principles (gallic acid, methyl gallate and pentagalloylglucopyranose) demonstrated potent
antibacterial activity in vitro against Staphylococcus aureus [22]. Prashant et al. [23] observed that
the chewing some materials of mango and neem tree extract is a good way to cleaning teeth and
believed to possess medicinal properties by its antimicrobial effects on the microorganisms
Streptococcus mutans , Streptococcus salivarius , Streptococcus mitis , and Streptococcus sanguis
which are involved in the development of dental caries. Also identify to be an inexpensive, simple,
and effective method of preventing and controlling dental caries.

-C-
Figure 5- The ability of bacteria S. aureus to adhere on glass tube
A. The control tubes (bacteria growth for 24hr. at 37°C only without treated with mango extracts)
B. Tubes treated with ethanol mango seed extract after bacterial growth for 24hr. at 37°C
C. Tubes treated with acetone mango seed extract after bacterial growth for 24hr. at 37°C
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Conclusion:

Plant and fruits derived products or materials have been used in health care for treatments of a
variety of infectious diseases and industry. In this study we observed that the extractions of mango
seeds bioactive compounds by ethanol solvent is more efficient than extraction by acetone solvent, and
ethanol considered to be safe and nontoxic in bio treatments. The mango seed extract consist many
compounds such as phenolic and some acids that could be affect many microorganisms: bacteria and
fungi (yeast) and give an potent effect on microbial growth as well as bacterial production of harmful
materials like biofilm production that cause many medical and industrial problems, so the use of some
part of plants and extracted the active compound from it can solved these problems and could be more
safety than chemical materials that used in many industry, medical fields and pharmaceutical
industries.

Acknowledgments:

Special thanks to all the staff of central Lab. in department of Biology / College of Science/
University of Baghdad for providing the microbial isolates and all the laboratory facilities in this
research.

References:

1. Kittiphoom, S. 2012. Utilization of Mango seed. International Food Research Journal, 19(4):
1325-1335.

2. Akinyemi, S.0.S, Akin-ldowu, P.E, Oduntan, O.0. and Egbekual K.O. 2015. Chemical
composition of the seed kernel flour of some mango (Mangifera indica L.) varieties.
J.Biol.Chem.Research, 32(1): 160-173.

3. Barreto, J.C, Trevisan, M.T.S, Hull, W.E, Erben, G, Brito, E.S, Pfundstein, B, Wiirtele, G,
Spiegelhalder, B. and Owen, R.W. 2008. Characterization and quantitation of polyphenolic
compounds in bark, kernel, leaves and peel of mango (Mangifera indica L.). J Agr Food Chem,
56: 5599-5610.

4. Shah, K.A, Patel, M.B, Patel, R.J. and Parmar P.K. 2010. Mangifera Indica (Mango).
Pharmacogen. Rev, 4(7):42-48.

5. Sowmiya, S, Soundarapandian, P. and Rajan S. 2009. Bioactive studies of Mangifera indica
against bacteria isolated from urine samples. Current Research Journal of Biological Sciences,
1(3):139-143.

6. Schiber, A., Berardini, N. and Carle, R. 2003. Identification of flavonol and xanthol glycosides
from mango peels by HPLC. Journal of Agricultural and Food Chemistry, 51(17): 5006-5011.

7. Abdullah, A.H, Mirghani, M.E.S. and Jamal P. 2011. Antibacterial activity of Malaysian mango
kernel. African Journal of Biotechnology, 10(81):18739-18748.

8. Magaldin, S, Mata-Essayag, S, Hartung de Capriles, C, Colella, M.T, Olaizola, C. and
Ontiverous, Y. 2004. Well diffusion for antifungal susceptibility testing. International Journal of
Infectious Diseases, 8(1):39-45.

9. Collins, G.H, Lynes, P.M. and Grange, J.M. 1995. Microbiology methods. Seven Edition,
Butterwort-Heinemannt Ltd, Britain, 175-190.

10. Christensen, G.D, Parisi, J.T, Bisno, A.L, Simpson, W.A. and Beachey, E.H. 1983.
Characterization of clinically significant strains of coagulase-negative Staphylococci. J Clin
Microbiol, 18(2): 258-269.

11. Ghanima, K.K, Rasheed S.F and Ahmed E.F. 2013. Antibiofilm, antibacterial and antioxidant
activities of water extract of Calendula officinalis flowers. International Journal of Biological
and Pharmaceutical Research, 4(7): 465-470.

12. Abdullah A.H. 2011. Screening for antibacterial activity of extracts from local mango kernel and
optimization of the extraction process. M.Sc. Thesis. Kulliyah of Engineering. International
Islamic University Malaysia.

13. El-Gied, A.A.A, Joseph, M.R.P, Mahmoud, .M, Abdelkareem, A.M, Al Hakami, A.M. and
Hamid, M.E. 2012. Antimicrobial Activities of Seed Extracts of Mango (Mangifera indica L.).
Advances in Microbiology, 2: 571-576.

14. Sharma, A, Gupta, S, Sarethy, I.P, Dang, S and Gabrani, R. 2012. Green tea extract: Possible
mechanism and antibacterial activity on skin pathogen. Food Chemistry, 135(2): 672-675.

15. Rakholiya, K, Kaneria, M, Desai, D. and Chanda, S. 2013. Antimicrobial activity of decoction
extracts of residual parts (seed and peels) of Mangifera indica L. var. Kesar against pathogenic

3128



Ahmed Iragi Journal of Science, 2015, Vol 56, No0.4B, pp: 3121-3129

16.

17.

18.

19.

20.

21.

22.

23.

and food spoilage microorganism. Microbial pathogens and strategies for combating them:
science, technology and education (A. Méndez-Vilas, Ed.). Formatex, 850-856.

Kim, S, Cho, AR and Han, J. 2013. Antioxidant and antimicrobial activities of leafy green
vegetable extracts and their applications to meat product preservation. Food Control, 29(1):112-
120.

Soong, Y. and Barlow, P. J. 2004. Antioxidant activity and phenolic content of selected fruit
seeds. Food Chemistry, 88(3): 411-417.

Abdalla, A.E.M, Darwish, S.M, Ayad, E.H.E and EI-Hamahmy, R.M. 2007. Egyptian mango by-
product 1. Compositional quality of mango seed kernel. Journal of Food Chemistry, 103(4):
1134-1140.

Geethashri, A, Manikandan, R, Ravishankar, B. and Veena Shetty, A. 2014. Comparative
evaluation of biofilm suppression by plant extracts on oral pathogenic bacteria. Journal of
Applied Pharmaceutical Science, 4 (03): 020-023.

Nithitanakool, S, Pithayanukul, P. and Bavovada, R. 2009. Antioxidant and hepatoprotective
activities of Thai mango seed kernel extract. Planta Med, 75(10): 1118-1123.

Nithitanakool, S, Pithayanukul, P, Bavovada, R. and Saparpakorn, P. 2009. Molecular docking
studies and anti-tyrosinase activity of Thai mango seed kernel extract. Molecules, 14(1): 257-265.
Jiamboonsri, P, Pithayanukul, P, Bavovada, R. and Chomnawang, M.T. 2011. The Inhibitory
Potential of Thai Mango Seed Kernel Extract against Methicillin-Resistant Staphylococcus
aureus. Molecules, 16(8): 6255-6270.

Prashant, G.M, Chandu, G.N, Murulikrishna, K.S. and Shafiulla, M.D. 2007. The effect of mango
and neem extract on four organisms causing dental caries: Streptococcus mutans, Streptococcus
salivavius, Streptococcus mitis, and Streptococcus sanguis: An in vitro study. Indian Journal of
Dental Research, 18(4):148-151.

3129



