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Abstract 

Plants used in ethnomedicine have remained a foundation of therapeutic agents in nature till date. Recently, 

there has been wider interest in research for new agents for treatment of both emerging and re-emerging 

infectious diseases as a result of anti-microbial resistance to drugs. The application of some common drugs 

which results in the development of their side effects, resistance and other deficiencies created the need for use 

of alternative natural remedies with better therapeutic properties. This research sought to contribute to this quest 

by extracting and identifying possible therapeutic compounds from the roots of Mangifera indica, as well as 

evaluating their efficacy against a variety of clinical microbiological infections. Using a Soxhlet device, the 

powdered root was extracted with ethyl acetate and methanol. The extracts were separated on a silica gel 

column and eluted in ethyl acetate with increasing quantities of methanol. Fractions obtained were examined by 

some spectroscopic methods such as TLC, UV, IR and based on their profiles 40 fractions obtained were pooled 

to four combined fractions which were analysed using NMR (1D and 2D) to confirm the structures of their 

constituents. The result showed that MI-03 is a triterpenoid (Friedelan-3-ol). The antimicrobial results showed 

high sensitivity of Vancomycin resist Enterococci (30mm), Staphylococcus aureus (28mm), Escherichia coli 

(31mm) and Pseudomona aeruginosa (30mm) to the isolated triterpenoid (Friedelan-3-ol),  but Methicillin resist 

Staphylococcus aureus and Salmonella typhi   was resistant to the compound. The fungi Aspergillus fumigates 

(30mm), Aspergillus nigre (31mm), Fibrophoria vaillentii (29mm), Fomitopsis pinicola (31mm), Rhizopus SP 

(20mm) and Serpula lacrymans (30mm) were sensitive to the isolated compound, while Aspergillus flavus, 

Coniophora puteana, Fusarium oxysporum, Fusarium proliforatum and Sclerotium rofsii were resistant to the 

compound.  The sensitivity of these clinical pathogens indicates that the isolated natural organic triterpenoid 

(Friedelan-3-ol) canbe harnessed, prepared and used for their treatment. 
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Introduction  

Medicinal plants have been recognised as a lead way to therapeutic agents for both man and animals for 

centuries now. This may be traced back to their usage in the manufacture of medicines, food, oxygen for living 

creatures (including humans and animals),and industrial raw materials. Plants have also shown to be the most 

effective in the treatment of illnesses, and chemical compounds contained in them play a significant part in the 

world's medicines (Nwokonkwo, 2014). Terpenes, steroids, alkaloids, flavonoids, saponins, tannins, 

anthraquinones, carotenoids, and glycosides are some of the chemical compounds found in plants. 

Phytochemicals or secondary metabolites are the terms used to describe them (Ajibesin, 2011, Ichiko,et al, 

2016). Plant phytochemicals protect plants against pathogens, pollution, drought, and UV exposure, and they 
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also help them to be more helpful in tradomedicine (Sofowora, 1993).  Medicinal plants are sources of many 

important drugs thus, the precise interaction of drugs with biomolecules such as nucleic acids and proteins in the 

body improves functional effects of drugs in the body. Thus, different drugs are required or useful for different 

purposes making plants valuable precursors for drug development (Ajibesin, 2011). Plants thus, play vital roles 

in traditional or herbal medicine, homeopathy and aromatherapy. For instance, flavors and foods gotten from 

medicinal plants are used in the meals of humans to enhance their immune system (Akinpela & Onukoya, 2006). 

A widespread of knowledge have been developed vis-à-vis the utility of plants as food and medicine for man as 

an outcome of some pharmacological and biological activities such as diuretics, anti-inflammatory, anti-

plasmodics, laxative, antimicrobial and antihypertensive potencies of these plants (Adesokan et al., 2007). As a 

result, it's not uncommon to see animals and snakes consume plants when they're ill. It's possible that early man 

found herbal medicines as a result of intuition or exposure, as many herbalists say. On the third day, God 

created plants. Plants can manufacture a broad range of organic molecules of virtually every structural class 

thanks to the unique ability bestowed upon them by God. As a consequence, plants serve as a valuable source of 

raw material for the chemical industry. God Almighty has decreed herbal healing. ‘Now Isaiah said, let them 

take a chunk of fig and put it on the boil like a plaster, and he will recover” is one of the divine sanctions on 

herbal healing (Isaiah 38:21). ‘Their fruits will be used as food, and their leaves will be used as medicine.' 

Ezekiel 47:12 is a prophecy from the prophet Ezekiel. God has given His permission and holy seal to herbal 

therapy, as shown by the following scriptural injunctions. Herbal healing forms a key characteristic of 

traditional medicinal practice in Nigeria (Douglas & Joseph, 2002, Okwu & Morah, 2007). The effectiveness of 

traditional medicinal practice is a function of the chemical ingredients of the plants. 

 

Materials and Methods  

Sample Collection and Preparation: The root of Mangifera iindica iwas iobtained ifrom iBarayira iTai, iin 

iTai iLocal iGovernment iArea, iRivers iState, iNigeria iin iAugust i2019, iidentified iand iauthenticated iat ithe 

iDepartment iof iPlant iScience iand iBiotechnology, iRivers iState iUniversity, iPort iHarcourt iby ia iBotanist 

iand iwas iallotted iVoucher ispecimen iRSU/2019/MI-103 iand ikept iin ithe iherbarium.iThe isample iwas iair-

dried ifor ithree iweeks iand icrumpled ito ipowder iwith ithe iaid iof ia imortar iand ipistle.iThereafter, iit iwas 

istored iin ia iglass icontainer iand itaken ito iStrathclyde iInstitute iof iPharmacy iand iBiomedical iSciences 

ilaboratory, iUniversity iof iStrathclyde, iGlasgow, iUnited iKingdom ifor iextraction iand ifurther ianalysis. 

 

Extraction iof iSample: About i400g iof iground iroot iof iMangifera iindica iwas iplaced iin isoxhlet 

iapparatus iand iextracted isequentially ifor itwo idays ieach icontinuously iwith iethyl iacetate iand 

imethanol.iThe iextracts iwere ievaporated ito idryness iin ia irotary ievaporator iat i400C.iAll idried iextracts 

iwere ipulled itogether iand ikept iin idifferent isample ibottles iand ilabelled iMI/EA-01, iand iMI/ iME-01 ifor 

iethyl iacetate iand imethanol iextracts irespectively.i iAbout i20g iof ieach icrude iextract iwas idissolved iin 

isilica igel iand iallowed ito idry ifor icolumn ichromatography. 

 

Isolation and Characterisation: 15 ig iof idried iextract of iMangifera iindica iwas idissolved iin 

idichloromethane iand itransferred iintoia ismall ibeaker.i10 ig iof isilica igel iwas iadded ito ithe iextract iand 

istirred ithen iallowed ito idry iin ia ifume icupboard.iThe isilica igel iwas iadded ito iadsorb ithe iextract.iAbout 

i500 imL iof ihexane iwas iadded ito i100 ig iof isilica igel iand istirred icontinuously iuntil islurry iwas 

iformed.iThe icolumn iwas ihung ion ia iretort istand iand irinsed ithree itimes iwith iethyl iacetate ito iavoid 

icontamination.iLittle iquantity iof ihexane iwas ipoured iunto ithe icolumn iand itwo iminutes ilater, ithe islurry 

iwas itransferred iunto ithe icolumn iglass iwith icolumn itap iopened islowly iand iallowed ito isettle ias ito 

idril iout ithe isolvent.iAt iabout i10 icm iof isolvent iabove isilica ipacking, itap iwas iclosed iand iadsorbed 

iextract islurry iwas itransferred iunto ithe icolumn iand ithen ithe itap iwas iopened ifor iexcess isolvent iabove 

iloaded iextract ito irun iout iof ithe icolumn iand iallowed ito isettle ion ithe isilica.i5 i% iethylacetate imixed 

iwith ihexane iwas ipoured iunto ithe icolumn iand ithe itap iwas iallowed ito irun iat iabout i10-15 idrops iper 

iminute.iAbout i25-30 imL ifractions iwere iuniformly icollected iusing iserially inumbered ivials.iThe ieluates 

iwere iallowed ito idry iand ikept iin ia idust ifree ifume ihood i(Nande & iIgoli, i2017).iSimilar icolumn 

ifractions iwere icombined iafter iTLC ianalysis i(Hostettmann iet ial.,1998).iFractions i001,002 iand i003 ielute 

iwith ihexane: iethyl iacetate igave isimilar iTlc iprofile isingle icreamy ispot iwhen icharred iwith iconcentrated 

isulphuric iacid, iRf ivalue ifound ito ibe i0.68.iThe icombined ifraction i001-003 iwereirecrystallized iin iethyl 
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iacetate ito iyield ia icompound ilabelled iMI-001.iThe icompound iwas isubjected ito ispectroscopic ianalysis 

i(NMR-Spectroscopy), iits imelting ipoint iwas idetermined i(Table i1). 

 

Test iorganisms: Using ianimal iand iplant idiseases, ithe ibiological iactivities iof ithe iisolated ichemical 

ifrom ithe iunderstudied iplant iwere iidentified.iThe ianimal iand iplant ipathogens iwere iacquired ifrom ithe 

iABU iTeaching iHospital iZaria's iDepartment iof iMedical iMicrobiology. iThe iantimicrobial iassay iused 

ithe ifollowing ianimal ipathogens i(bacteria): iMethicillin iResist iStaph iAureus, iVancomycin iResist 

iEnterococci, iEscherichia icoli, iStaphylococcus iaureus, iPseudomonas iaeruginosa, iSalmonella itryphi; iand 

iplant ipathogens i(fungi): Aspergillus fumigatus, Aspergillus flavus, Coniophora All microorganisms were 

tested for purity and kept in agar slants (Tor-Anyiin et al., 2016). 

 

Cultivation and standardization of test organisms: The test iorganisms iwere itaken ifrom ithe iagar islant 

iand isubcultured iin itest itubes icontaining isterile inutritional iagar ifor ibacteria iand isabouraud idextrose 

imediumi(20 imL) ifor ifungus, irespectively.iThe itest itubes iwere iincubated ifor i48 ihours iat i37°C.iBroth 

icultures iwere istandardised iusing isterile inormal isaline ito ireach ia idensity iof i106 icfu/mL ifor 

ibacteria.iA isporulated itest ifungal ispore iwas icollected in sterile normal with 0.05 percent Tween80 and 

standardised to 106 spores/mL. (Nna et al,2019).. 

 

Antimicrobial profile (Sensitivity test): To achieve a concentration of 20 g/mL, 0.002 img iofia ichemical 

iwas iweighed iand idissolved iin i10 imL iof iDMSO.iFor iscreening, ithe idiffusion itechnique iwas 

iemployed.iMueller iHinton iagar iand iSabouraud idextrose iagar iwere iemployed ias ithe imicroorganisms' 

igrowth imedium.iThe imedia iwere imade iaccording ito ithe imanufacturer's iinstructions, isterilised ifor i15 

iminutes iat i121°C, iput ionto isterile ipetri idishes, icovered, iand iallowed ito icool iand iharden.iMueller 

iHinton iagar ireceived i0.1 imL iof istandard itest ibacteria iinoculum, iwhereas isubouraud idextrose iagar 

ireceived i0.1 imL iof itest ifungus.iA isterile iswab iwas iused ito idistribute ithe iinoculum iuniformly iover 

ithe isurface iof ithe imedium.iA iwell iwas icut iin ithe icentre iof ieach iinfected imedium iusing ia istandard 

isterile icork iborer iwith ia idiameter iof i6 imm.iAfter ithat, iaround i0.1 imL iof ia i20 ig/mL isolution iof ithe 

ichemical iwas iadded ito ithe iwell ion ithe iinfected imedium iand iallowed ito idiffuse iinto ithe iagar.iAfter 

iincubation iat i37 i°C ifor i24 ihours ifor ibacteria iand i30 i°C ifor i1-7 idays ifor ifungi, ithe iplates 

icontaining ithe imedium iwere iexamined ifor izones iof igrowth iinhibition.iWith ia iclear iruler, ithe iobserved 

izones iwere imeasured iand ithe iresults iwere irecorded iin imillimeters i(Nwisahet al., 2020). 

 

Determination of Minimum Inhibitory Concentration (MIC): A broth dilution technique was used to 

determine a compound's minimum inhibitory concentration. Mueller Hinton broth and Sabouraud dextrose broth 

were made; 10 mL of each broth was poured into test tubes and sterilised at 121 °C for 15 minutes, after which 

the broth was allowed to cool. A turbid solution was produced using Mc-turbidity Farland's standard scale 

number 0.5. The test microbe was injected and cultured at 37 °C for 6 hours after 10 mL of normal saline was 

poured into sterile test tubes. The test microorganism was diluted in normal saline until the turbidity matched 

Mc-scale farland's when compared visually. The test microorganism has a concentration of 1.5 108cfu/mL at 

this time. The chemical was serially diluted twice in sterile broth to achieve concentrations iof i20 ig/mL, i10 

ig/mL, i5 ig/mL, i2.5 ig/mL, iand i1.25 ig/mL.i0.002 img iof ia ichemical iwas idissolved iin i10 imL iof isterile 

ibroth ito iachieve ithe istarting iconcentration.iAfter iobtaining ivarious iconcentrations iof ia ichemical iin 

isterile ibroth, i0.1 imL iof ia itest imicrobe iin inormal isaline iwas iinoculated iinto ithe ivarious 

iconcentrations iand iincubated iat i37 i°C ifor i24 ihours ifor ibacteria iand i30 i°C ifor i1-7 idays ifor 

ifungus.iFollowing ithat, ithe iturbidity iof ithe ibroth itest itubes iwas iexamined i(growth).iThe iminimal 

iinhibitory iconcentration iwas idetermined iby itaking ithe ilowest iconcentration iof a chemical in sterile broth 

that produced no turbidity (MIC). 

 

The minimal bactericidal/fungicidal iconcentrationi(MBC/MFC) iwas idetermined iin iorder ito isee iwhether 

ithe itest imicroorganisms iwere ikilled ior iif itheir idevelopment iwas islowed.iMueller iagar iand isabouraud 

idextrose iagar iwere imade, isterilised iat i121 i°C ifor i15 iminutes, iand ithen iput ionto isterile ipetri idishes 

ito icool iand isolidify.iThe icontents iof ithe iMIC iwere ithen isub-cultured ionto iprepared imedium iin 

isuccessive idilutions.iFungi iwere isubcultured ion iSabouraud idextrose iagar, iwhereas ibacteria iwere 

isubcultured ion iMueller iagar.iBacteria iwere iincubated iat i37°C ifor i24 ihours iand ifungi iwere 
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iincubatediat i30°C ifor i1-7 idays.iThe iplates iof ithe imedium iwere ithen iexamined ifor icolony 

igrowths.iMBC/MFC iwere iplates ilacking icolony idevelopment ithat ihad ithe ilowest iconcentration iof ithe 

ichemical.iAfter i24 ihours, ithe iresults iwere irecorded i(Usman et al., 2007). 

 

Results and Discussion 

Table 1: 1HNMR and 13C NMR Chemical Shifts for NJP-D2 

Spectroscopic technique  Data 

1R(cm-1) 3478, 1715 

Rf [Hex:EAC(7:3)] 0.49 

Mp 260-262 0C 

 
1HNMR(CDCl3) � 1.86, 1.81, 3.65, 1.19, 0.87, 0.86, 0.92, 0.94, 0.79, 1.17, 1.10, 0.92 ppm 

 
13C NMR(CDCl3) � 16.4, 35.4, 72.8, 53.2, 39.7, 41.7, 17.6, 49.2, 37.9, 64.4, 32.8, 30.7, 38.4, 

37.1, 28.2, 36.0, 36.1, 39.8, 34.1, 29.7, 32.4, 39.3, 11.6, 15.8, 20.1, 18.7, 

18.3, 31.8, 30.0, 32.1 ppm. 

 

Characterization for NPJ-D2 as Friedelan-3-ol 

Ethyl acetate extract of Mangifera indica on column root gave a fraction coded NPJ-D2, obtained from column 

chromatography on silica gel with hexane: ethyl acetate (70:30). Its infrared spectrum showed a strong 

absorption band at 3478 cm-1 and 1715 cm-1 indicative of a saturated alcohol (OH) group and olefenic 

methylene group respectively (Igoli &Gray,2008). The compound on TLC plate gave a Rf value of 0.49 and its 

melting point 248-250 0C.The 1H spectrum showed a signal at δ 1.19 (1H, q) and another signal due to a methyl 

at δ 0.87 (d). Other signals appeared at δ 0.86 (s), 0.92 (s), 0.94 (s), 0.79 (s), 1.17 (s), 1.10 (s) and 0.92 (s) which 

are typical pentacyclic triterpenoid. 13C-NMR showed signals for 30 carbon atoms 16.4, 35.4, 72.8, 53.2, 39.7, 

41.7.,17.6, 49.2, 37.7, 64.4, 32.8, 30.7, 38.4, 37.1, 28.2, 36.0, 36.1, 39.8, 34.1, 29.7, 32.4, 39.3, 11.6, 15.8, 20.1, 

18.7, 18.3, 31.8, 30.0 and 32.1 ppm (Appendix 7b). Its 13C spectrum igave ia ihydroxyl isignal iat i72.8 ippm 

itypical iof ia isaturated iring iOH; iother ipeaksi(Table i40) iwere iin iagreement iwith ireported iliterature 

i(Igoli i& iGray, i2008).iThe ispectra idata iof iNPJ i40-42 ishown iin iTable i40 iwere iutilized itogether iwith 

iliterature ireports i(Igoli i& iGray, i2008). i iFrom ithe iCOSY, ithe icompound igave ia icorrelation ibetween 

ithe iproton isignals iat iδ i1.19 i(H-4) iand iδ i0.87 i(H-23) iindicating ia imethyl isubstituent iat iposition iC-4 

itypical iof ia ifriedalanol imoiety i(Igoli i& iGray, i2008).iIn iHMBC, ithe imethyl iat i0.87 i(H-23) igave 

icorrelations ito ithe ihydroxyl iat iC-3. The proton (H-4) also gave correlation to this hydroxyl, a confirmation 

for friedelanol ring A. Combination of NMR spectra data 1D (1H and 13C) and 2-D (COSY and HMBC) were 

consistent with literature values for a triterpenoid of friedelanol (Igoli & Gray, 2008). Thus NPJ 40-42 was 

identified as friedelanol with NMR spectra analysis (Table 2). 
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Figure 1: Compound D2    Friedelanol 
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Table 2: NMR-Data for NPJ-D2 

Position  Experimental Literature 
1H(δ) 13C(δ) 

 

1H(δ) 

Igoli and Gray 

(2008) 

13C(δ) 

1 1.86 16.4 1.88 18.66 

2 1.90, 1.81 35.4 1.73 39.30 

3 3.65 72.8 3.64 72.78 

4 1.19 53.2 1.73 52.22 

5  39.7  39.70 

6  41.7  41.75 

7  17.6  17.57 

8  49.2  49.20 

9  37.9  37.85 

10  64.4  61.38 

11  32.8  32.84 

12  30.7  30.66 

13  38.4  38.39 

14  37.1  37.13 

15  28.2  30.66 

16  36.0  32.36 

17  36.1  37.86 

18  39.8  42.85 

19  34.1  32.84 

20  29.7  30.04 

21  32.4  32.35 

22  39.3  41.75 

23 0.87 11.6 0.95 11.63 

24 0.86 15.8 0.86 16.41 

25 0.92 20.1 0.92 20.13 

26 0.94 18.7 1.00 18.66 

27 0.79 18.3 1.01 18.26 

28 1.17 31.8 1.17 31.81 

29 1.10 30.0 1.05 30.04 

30 0.92 32.1 0.94 32.10 
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Figure 2: 1H-NMR SPECTRUM OF NPJ-D2 (Friedelan-3-ol) 

 

 

 

 

 

 

 

 
 

Figure 3: 13C-NMR SPECTRUM OF NPJ-D2 (Friedelan-3-ol) 
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Figure 4: COSY SPECTRUM OF NPJ-D2 (Friedelan-3-ol) 

 

 

 

 

Figure 5: HSQC SPECTRUM OF NPJ-D2 (Friedelan-3-ol) 
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Figure 6: HMBC SPECTRUM OF NPJ-D2 (Friedelan-3-ol) 

 

 

Table 3: Antibacterial Activities and zone of inhibition of isolated compound. 
Test organism Isolated compound Sporfloxacin Ciprofloxacin 

Methicillinresiststaphaureus R(0) S(30) R(0) 

Vancomycinresistenterococci S(30) S(29) S(30) 

Staphylococcusaureus S(28) S(32) S(26) 

Escherichia coli S(31) S(27) S(37) 

Salmonella typhic R(0) R(O) S(40) 

Pseudomona aeruginosa S(30) R(0) (25) 

 

N/B: S=Sensitivity 

        R=Resistance 

Table 4: The Antifungal Activities and Zone of inhibition of isolated compound. 
Test Organism Isolated compound Fulcin Kefeconazole 

Aspergillusflavus R(0) S(26) R(0) 

Aspergillusfumigates S(30) S(28) R(0) 

Aspargillusnigre S(31) S(30) S(25) 

Coniophoraputeana R(0) R(0) S(23) 

Fibrophoriavaillentii S(29) S(28) R(0) 

Fomitopsispinicola S(31) S(30) S(27) 

Fusariumoxysporum R(0) S(32) R(0) 

Fusariumproliforatum R(0) S(27) R(0) 

Rhizopussp S(20) S(26) S(28) 

Sclerotium rofsii R(0) R(0) S(25) 

Serpula lacrymans S(30) S(20) S(26) 

 

N/B: S=Sensitivity,  

         R=Resistance 

 

The antimicrobial results showed high sensitivity of Vancomycin resist enterococci (30mm), Staphylococcus 

aureus (28mm), Escherichia coli (31mm) and Pseudomona aeruginosa (30mm) to the isolated compound but 

Methicillin resist staph aureus and Salmonella typhic   was resistant to the compound. The result also showed 

that the following fungi were sensitive to the isolated compound, Aspergillus fumigates (30mm), Aspergillus 
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nigre (31mm), Fibrophoria vaillentii (29mm), Fomitopsis pinicola (31mm), Rhizopus SP (20mm) and Serpula 

lacrymans (30mm). Omeke et al., (2019) also reported the antibacterial activity of leaf extracts of Chromolaena 

odorata plant against Pseudomonas aeruginosa isolated from wound infections. The following fungi; 

Aspergillus flavus, Coniophora puteana, Fusarium oxysporum, Fusarium proliforatum and Sclerotium rofsii 

were resistant to the isolated compound.  In a similar study, Okwelle and George (2008) noted the antifungal 

effectiveness of the use of bitter leaf (Vernonia amygdalina) extract against Sclerotium rolfsi, the fungus that 

causes soft rot disease in plants. The efficacy of the successful control of growth of Fusarium oxysporium,  the 

fungus that causes wilt disease with cold and hot aqueous extracts of Cassava leaf was equally documented by 

Okwelle and George, (2010). 

 

The result suggested that the compound deactivated various cellular enzymes, which play a vital role in various 

metabolic pathways of these screened microorganisms (Amise et al., 2016). The high zones of inhibition are 

indications of strong zones of clearance by the compounds against the microbes. Staphylococcus aureus is 

known to cause several diseases such as blood stream infection and skin disease such as boil. Pseudomonas 

aeruginosa is a gram negative bacteria that is known to cause several diseases in humans like bacteremia, 

pneumonia, eye and ear infections (Lan & Sandip, 2012, Odeh et al., 2016). Escherichia coli is a gram-negative 

bacteria found in the intestines of warm-blooded mammals. Although certain strains of E. coli are safe to 

humans and other animals, they have been linked to pneumonia, urinary tract infections, and diarrhoea in 

humans (Allocate et al., 2013). According to Ahmed et al., (2012), antimicrobials' mode of action may include 

interfering with the build-up of cellular walls, engendering damage which could lead to changed cell 

permeability features or remodelled lipoprotein arrangements, eventually ensuing in cell death, and inactivation 

of several cellular enzymes that play key roles in the cell cycle(Dzubak et al., 2006, Achika et al., 2020). 

 

 

 

Conclusion 

The structure of the compound was elucidated based on spectroscopic analysis and comparison with existing 

literature. Melting point determination was a viable physical method employed in the study. The molecule that 

was isolated, described, and identified is a terpene with antifeedant and anti-inflammatory properties. It has been 

discovered to have hepatoprotective properties.  The isolated compound was subjected to bioassay to ascertain 

its usefulness in trado-medical claims. It was confirmed that the plant under investigation as well as the isolated 

compound could serve as a useful precursor or as candidate for drugs to combat bacterial and fungal caused 

diseases with special reference to the microorganisms used in this study.    
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