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Garcinia kola is a plant of Western and Central African origin and has been found to be medicinally important.
Antibacterial activity of aqueous and methanol extracts of the plant was conducted against Isolates of Klebsiella
pneumoniae, Shigella species and Salmonella typhi. The seed extracts were prepared by soaking 35 g of powdered
seeds in 135 ml of methanol and 21 g in 100 ml of sterile distilled water and processing to produce 1.40, 0.70 and
0.35 mg/ml for aqueous and 2.50, 1.25 and 0.625 mg/ml for methanolic extract. Well diffusion method was used to
test extracts against organisms and minimum inhibitory concentration (MIC) was obtained from turbidimetry. The
test organisms were found to be more susceptible to methanol extract than the aqueous extract; methanol extract
showed antibacterial activity only against K. pneumoniae and Shigella species but was ineffective against S. typhi.
The MIC of aqueous extract of G. kola seeds onall the test organisms was 1.40 mg/ml. The MIC of methanol
extract was found to be at 1.25 mg/ml for K. pneumoniae and Shigella species. The minimum bactericidal
concentrations (MBC) of both aqueous and methanol seed extracts in the test organisms were also examined.
Methanol extract showed bactericidal effects on K. pneumoniae and Shigella species at the same concentration of
2.5 mg/ml. Therefore, the extracts found to be effective to the test organisms should be considered by
pharmaceutical industry for the production of antibacterial agents for the treatment of diseases caused by the test
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organisms and other enteric species.
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Introduction

Medicinal plants are of great importance to the health of
individuals and communities. Plants remain the basis for
development of modern drugs for the preservation of health in
the rural and urban communities worldwide in this present
technological era (Earnest and Ekene, 2014). The medicinal
value of these plants lies in some chemical substances that
produce a definite physiological action on the human body.
The most important of these bioactive constituents of plants
are alkaloids, tannins, flavonoids, and phenolic compounds.
Many of these indigenous medicinal plants are used as spices
and food plants.

Traditional herbalists in Nigeria use a variety of herbal
preparation to treat different kinds of ailments such as
gonorrhea, sore throat and skin infections like eczema. This
has been the case ever before the introduction of antibiotics
and other modern drugs into Africa (Faleyimu and Oluwalana,
2008). Garcinia kola (bitter kola) belongs to the
Clusiaceae/Guttiferae family and is mainly found in the
tropical forests of Central and West Africa. The plant is used
in folklore remedies for diseases such as liver disorder,
diarrhea, laryngitis, bronchitis, and gonorrhea (Nweke et al.,
2019). It is commonly referred to as bitter kola for its bitter
taste and has the popular acronym “wonder plant” amongst
the southwestern Nigerian people because every part of it has
been found to be of medicinal importance (Earnest and Ekene,
2014). G. kola is a perennial dicotyledonous plant growing in
the forest, distributed throughout West and Central Africa and
commonly referred toin Nigerian languages as “Namijingoro”
(Hausa), “Agbilu” (Igho) (Esemonu et al., 2005; Nweke et al.,
2019), and “orogbo” in (Yoruba) (Ndukwe et al., 2005;
Nweke et al., 2019). It is also called bitter cola and male kola
due to the reported aphrodisiac properties and has economic
value across West African countries where the seeds are
commonly chewed and used for traditional ceremonies
(Eleyinmi et al., 2006). It is a medium sized evergreen tree,
about 15-17 m tall.

The leaves are simple, 6 — 14 ¢cm long and 2-6 ¢cm across. The
fruit is a drupe of 5-10 cm in diameter and a weight of 30-50 g
(Juliana et al., 2006). The plant’s nut contains a high
proportion of tannins and guttiferin and studies have shown G.

kola to have a neuroprotective effect, sexual enhancement,
hepatoprotective activity, and increase in testosterone
production due to its antioxidant properties (Nweke et al.,
2019). The seeds are chewed as an aphrodisiac or used to cure
cough, dysentery, chest colds, liver disorders, diarrhoea,
laryngitis, bronchitis, and gonorrhea, it is also used to prevent
and relieve colic; it can also be used to treat headache,
stomachache and gastritis (Udenze et al., 2012). It is also
reported that Garcinia species contain mainly flavonoids of
the biflavonoid type; these flavonoids are thought to be
responsible for the antihyperglycemic activity of its seeds
(Katemo et al., 2018).

In Sierra Leone, the roots and bark are taken as a tonic for
sexual dysfunction in men, it is added into palm wine to
improve its potency, the stem bark is used as a purgative and
for the treatment of malignant tumors and the sap is used for
parasitic skin disease while the latex (gum) is used internally
for gonorrhea treatment. It is applied externally to treat fresh
wounds (Eleyinmi et al., 2006). The plant has also been
employed in the treatment of liver disorders while the fruit
yield favorite bitter chewing sticks sold in small bundles in
local markets across West Africa (Adegboye et al., 2008).
Klebsiella pneumoniae is known to be a major threat to public
health, it is the most common factor of nosocomial and
community acquired infections (Candan and Aksoz, 2015). It
causes a small proportion (1%) of bacterial pneumonia and
can produce extensive hemorrhagic necrotizing consolidation
of the lung. It produces urinary tract infection and bacteremia
with focal lesions in debilitated patients (Brooks et al., 2013).
The members of the genus Shigella species are important
causative agents of bacillary dysentery in human beings and
Salmonellatyphi is a member of the salmonella serovars that
causes enteric fever (Bhatia and Ichhpujani, 2008). Reported
developments of antimicrobial resistance in pathogens such as
the enteric bacteria has is one of the important issues
confronting the health systems around the globe, hence the
need to conduct antibiotic assay to ascertain the activity of
biter cola on some representatives of the group in contribution
to reduction of multiple drug resistance.
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Materials and Methods

Study area

This research was conducted at the Microbiology Laboratory,
Department of Microbiology, Federal University Wukari,
Taraba State, Nigeria.

Collection of plant material

Fresh seeds of Garcinia kola were purchased from New
Market Wukari, Taraba State, Nigeria. It was checked and
certified by the Department of Botany, Federal University
Wukari.

Preparation of extracts

The seeds were peeled and cut into pieces and then dried in
the hot-air oven at 40°C until the constant weight of the seeds
was obtained. The seeds were then milled to a fine powder
with the aid of a Master Chef Blender (Model MC-BL 1444)
and stored in an air-tight container until use. Exactly 35 g of
the powdered seeds was soaked in 135 ml of methanol and 21
g in 100 ml of sterile distilled water and shaken intermittently
at 120 rpm for 72 h and then filtered to obtain the methanolic
and aqueous extracts, respectively. The methanolic (138 ml)
and aqueous (127 ml) extracts were evaporated using
Thermostat Water Bath (Model HH-6) and both crude extracts
were obtained (Adegboye et al., 2008).

Test organisms

The organisms used for this research were clinical samples
obtained from the National Veterinary Research Institute,
Vom, Plateau State, Nigeria. They were confirmed by sub
culturing on MacConkey agar Klebsiella pneumoniea and
Salmonella/Shigella agar (SSA) (Shigella species and
Salmonella typhi) and identified based on growth, cultural
characteristics and biochemical reactions as done by
Maschinen et al. (2005).

Antimicrobial activity

The sensitivity testing of the plant extract was determined
using agar-well diffusion method as described by Irobi et al.
(1994), Baur et al. (1996) and Maschinen et al. (2005) which
has been widely used for antimicrobial susceptibility testing.
The organisms were first seeded in nutrient broth using
McFarland standard and incubated for 18 h before use. The
isolates were later sub-culture on Mueller-Hinton agar. Wells
were then bored into the agar medium using a sterile 6 mm
cork borer. The wells were then filled up with the solution of
the extract and care was taken not to allow the solution to spill
to the surface of the medium. Ampicillin was used as positive
control since all the test organisms were sensitive to it. The
plates were allowed to stand on the laboratory bench for
between 1 and 2 h to allow proper inflow of the suspension
(extracts) into the medium. The plates were incubated at 37°C
for 24 h. The plates were then observed for inhibition zones.
The effects of the extract on bacterial isolates were compared

Table 1: Antibacterial activity of the plant seed crude extracts

to those of the standard antibiotic. The diameter of inhibition
zones was measured in millimeter using meter rule.
Determination of the minimum inhibitory concentration (MIC)

The minimum inhibitory concentration was determined by
diluting the initial concentration of the extracts using double
fold serial dilution (a two-fold serial dilution decreases the
concentration of a solution by a factor of two that is, decreases
the original concentration by one half) by adding 1 ml of
distilled water to 1.40 mg of aqueous extract to obtain
concentration of 1.40 mg/ml. The above process was repeated
two times to obtain other dilutions; 0.70 and 0.35 mg/ml and
the same procedure was followed to obtain 2.50, 1.25 and
0.625 mg/ml concentrations for the methanolic extract
(Ibekwe et al., 2001). Having obtained the different
concentrations of the methanolic and aqueous extracts, 5 ml of
sterile peptone water was added to each concentration and
inoculated with 0.1 ml of the bacterial suspension (cells that
were determined using McFarland standard) and incubated at
37°C for 24 h. The growth of the inocula in the broth was
indicated by turbidity or cloudiness of the broth. The lowest
concentration of the extract which inhibited the growth of the
test organism was taken as the minimum inhibitory
concentration (MIC).

Determination of the minimum bactericidal concentration (MBC)
The Minimum Bactericidal Concentration (MBC) was
determined by selecting tubes that showed no growth during
MIC determination. A loopful from each tube was sub-
cultured onto extract-free freshly prepared nutrient agar plates
and was incubated for2 4 h at 37°C. The least concentration at
which no growth was observed was noted as the MBC.
Readings were taken in mg/ml (Garba et al., 2013).

Results and Discussion

This research revealed that aqueous and methanol crude
extracts of Garcinia kola seed possesses antimicrobial
activities against Klebsiella pneumoniae, Shigella species and
Salmonella typhi as presented in Table 1. Crude methanol
extract showed higher antibacterial activity against Klebsiella
pneumoniae and Shigella species but less effective against
Salmonella typhi. All the organisms were sensitive to the
aqueous extract. The antibiotic control (ampicillin) was more
effective against Klebsiella pneumonia with diameter of zone
of inhibition 27 mm, followed by 24 mm for Salmonella typhi
and 21 mm for Shigella species. The inhibitory effect of
aqueous and methanol extract is as thus, 9 and 10 mm for
Klebsiella pneumoniae, 12 and 13 mm for Shigella species,
respectively. The inhibitory effect of aqueous extract against
Salmonella typhi was 11 mm but no inhibition was observed
with the methanol extract. The highest activity of aqueous and
methanol extracts was found on Shigella species 12 and 13
mm, respectively.

Diameter zone of inhibition £ SD (mm)

Organisms
Aqueous extracts

Methanol extracts

Control (Ampicillin)

Klebsiella pneumoniae 9.0£0.4 10.00+0.8 27.0+0.6
Shigella species 12.0+1.0 13.00+0.5 21.0+0.2
Salmonella typhi 11.0+0.6 0.00+0.0 24.0+0.4

Table 2 presents the minimum inhibitory concentration (MIC)
of aqueous extract of G. kola seed on the test organisms. No
growth was found at aqueous concentration of 1.40 mg/ml
(MIC), but found in the other concentrations in all the test
organisms.
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Table 2: MIC of agueous extract of the studied
seedagainst the test organisms

Concentrations Test organisms

(mg/mL) s typhi K. pneumonia Shigella species
1.40 - - -
0.70 + + +
0.35 + + +

— = absence of growth; + = presence of growth
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Table 3: MIC of methanol extract of G. kola seed against
the test organisms

) Test organisms
Concentration (Mg/mL) "k “pneumoniae Shigella species

2.50 - —
1.25 - —
0.625 + +

— = absence of growth; + = presence of growth

Table 3 shows the MIC of methanol extract of the seed on the
test organisms, no growth was found at concentrations of 2.50
mg/ml and 1.25 mg/ml for both K. pneumoniae and Shigella
species indicating 1.25 mg/ml as the MIC.

Table 4 indicates the minimum bactericidal concentration
(MBC) of both the aqueous and methanol extracts of the plant
seed on the test organisms. Methanol extract showed
bactericidal effects on K. pneumoniae and Shigella species at
the same concentration (2.50 mg/mL).

Table 4: Minimum bactericidal concentration (MBC) of

aqueous and methanol seed  extracts
. MBC (mg/ml)
Test organisms
Agueous extract Methanol extract

K. pneumonia 0.00 2.50
Shigella species 0.00 2.50
S. typhi 0.00 0.00

Antimicrobial activity of aqueous and methanol extracts of
Garcinia kola seeds against Klebsiella pneumoniae, Shigella
species and Salmonella typhi was determined in this study.
Crude methanolic extract showed higher antibacterial activity
against K. pneumonia with zone of inhibition of 10.00+0.8
mm and Shigella species with zone of inhibition of 13.00+05
but was inactive to S. typhi as presented in Table 1. Which is
in line with the finding of Indabawa & Arzai, (2011), Penduka
et al. (2011), Akinnibosun and Itedjere (2013), Sanda et al.,
(2013), Badger-Emeka et al. (2018) and Enemchukwu et al.
(2019) that showed higher activity of alcoholic extract of
Garcinia kola against enteric bacteria at various
concentration. The antibiotic control (ampicillin) was also
effective against the test organisms.

The highest MIC inhibitory activity was recorded from the
methanolic extract of Garcinia kola seeds against K.
pneumoniae and Shigella species (1.25 mg/ml) as shown in
Table 3, which is consistent with thef indings of Ezeigbo et
al., (2016) who confirmed the antibacterial activities of
methanolic and aqueous extracts of Garcinia kola seeds on
Shigella species, Salmonella species and other bacteria. It is
also in conformity with the antibacterial activities of methanol
and aqueous seeds extracts on Klebsiella pneumoniae,
Salmonella typhi and other bacteria by Indabawa and Arzai
(2011) and Li et al. (2012). The MIC for alcoholic extract was
found to be 2.5 mg/ml by Akerele et al. (2008) and 3.125 by
Enemchukwu et al. (2019) which are higher than the finding
of this research, this may be due to concentration of the
solvent.

Salmonella typhi was found to be unsusceptible to the ethanol
extract of the studied seed which is in concordance with
Indabawa and Arzai (2011), this deserves attention for further
research since its agueous extract showed antibacterial effect,
the insensitivity may be due to the concentrations of the
extract, media used, pH, and inoculum concentration.

A minimum bactericidal concentration (MBC) of 2.5 mg/ml
was found with K. pneumoniae and Shigella species (Table 4)
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which is in line with the findings of Christinah and Roland
(2012), Nas et al. (2018)

The methanolic extract of the seeds was more sensitive
against the test organisms than aqueous extract. This could be
because methanol is more bioactive compared to water and
therefore possess higher ability to dissolve more of the active
substances from the plant seed than water. All the organisms
were susceptible to the aqueous extract.The result agrees with
the finding of Okigho & Mmeka, (2008) and Okwulehie et al.
(2017). The result contradicts that of Arekemase et al. (2012)
that found zones of inhibitions from 17 to 23 mm for ethanol
and 20 to 27 mm for aqueous (hot water) extracts, it may be
because cold water was used in this research.

Conclusion

Aqueous and methanol extracts of Garcinia kola seeds had
antibacterial activities on Klebsiella pneumoniae, Shigella
species and Salmonella typhi. Test plants thereforecould be
used for the treatment of infections caused by the susceptible
organisms such as cough, throat infections, typhoid fever, and
gastroenteritis. It is also important to standardize the extract
and evaluate the antimicrobial efficacy against a wider variety
of pathogenic species to obtain a precise therapeutic potential
of the plant.

Conflict of Interest
Authors have declared that there is no conflict of interest
reported in this work.

References

Adegboye MF, Akinpelu DA & Okoh Al 2008. The bioactive
and phytochemical properties of Garcinia kola (Heckel)
seed extract on some pathogens. Afr. J. Biotech., 7(21):
3934-3938. https://doi.org/10.5897/AJB08.586

Akerele JO, Osahon O, Ebomoyi MI, Oboh IE &
Uwumarongie OH 2008. Antimicrobial activity of the
ethanol extract and fractions of the seeds of Garcinia
kola Heckel (Guttiferae). Afr. J. Biotech., 7(2): 169-172.
https://doi.org/10.5897/AJB08.609

Akinnibosun FI & Itedjere E 2013. Evaluation of the
antibacterial properties and synergistic effect of Garcinia
kola Heckel (Family: Guttiferae) seed extract and honey
on some bacteria. Afr. J. Microbio. Res., 7(3): 174-180.
https://doi.org/10.5897/AJMR12.1331

Arekemase MO, Muhammed A, Rowland BM, Ajiboye AE &
Ajijolakewu AK 2012. antimicrobial effects of Garcinia
kola (Bitter kola) on some selected pathogens from
University of llorin Teaching Hospital llorin, Nigeria,
2(4): 159-169.

Badger-Emeka, LI, KhalilHE, & Emeka PM (2018).
Evaluation of different fractions of garcinia kola extracts
against multidrug resistant clinical bacterial and fungal
isolates. Pharmacognosy Journal, 10(5): 1055-1060.
https://doi.org/10.5530/pj.2018.5.178

Bauer AW, Kirby WM., Sherries JC & Turck M 1996.
Antibiotic susceptibility testing: A standardized single
disk method. Am. J. Clin. Pathol., 45: 493-496.

Bhatia R & Ichhpujani RL 2008. Essentials of Medical
Microbiology (4" ed.). Published by Jaypee Brothers
Medical Publishers (P) Ltd, B-3 EMCA House, 23/23B
Ansari Road, India, 500p.

Brooks GF, Carroll KC, Butel JS, Morse SA & Mietzner TA

2013.  Jawetz, Melnick  &Adelberg’s  Medical
Microbiology (26! ed.). USA: McGraw-Hill Companies,
Inc. 877p.

Candan ED & Aksoz N 2015. Klebsiella pneumoniae:
characteristics of carbapenem resistance kiland virulence
factors. Acta biochimica Polonica, 62(4): 867-874.

Christinah S & Roland N 2012. Identification and



http://www.ftstjournal.com/
https://doi.org/10.5897/AJB08.586
https://doi.org/10.5897/AJB08.609
https://doi.org/10.5897/AJMR12.1331
https://doi.org/10.5530/pj.2018.5.178

Antibiogram of Garcinia kola Seeds Extract

antibacterial evaluation of bioactive compounds from
Garcinia kola (Heckel) seeds. Molecules, 17(1): 6569-
6584.

Earnest EO & Ekene EN 2014. Garcinia kola: A review of its
ethnomedicinal, chemical and  pharmacological
properties. Int. J. Current Res. and Rev., 6(11): 1-7.

Eleyimmi AF, Bresser DC, Amoo IA, Sporns P & Oshodi AA
2006. Chemical composition of bitter cola (Garcinia
kola) seed and hulls. Polish J. Food and Nutr. Sci.,
15(56): 4, 395-400.

Enemchukwu CM, Oli AN, Okoye El, Ujam NT, Osazuwa
EO, Emechebe GO, Okeke KN, Ifezulike CC, Ejiofor OS
& Okoyeh JN 2019. Winning the war against multi-drug
resistant diarrhoeagenic bacteria. Microorganisms, 7(7):
1-15. https://doi.org/10.3390/microorganisms7070197

Esemonu UG, El-Taalu B, Anuka A, Ndodo D, Salim A &
Atiku K 2005. Effect of ingestion of ethanol extract of
Garcinia kola seed on erythrocytes in Wistar rats Niger.
J. Physiol. Sci., 20: 30-32.

Ezeigho OR, Ejike EN, Nwachukwu | & Ejike BU 2016.
Comparative antibacterial ~activity of methanolic,
ethanolic and aqueous extract of Garcinia kola (Bitter
kola) and Cola nitida (Kola nut). Int. J. Plant Res., 6(3):
53-56.

Faleyimu Ol & Oluwalana SA 2008. Medicinal value of forest
plant seeds in Ogun state, Nigeria. Medicinal Value of
Forest Plant Seeds.

Garba L, Isa S & Hafsat GL 2013. Bacteriostatic effect of
Terminalia catappa leaves extracts on clinical isolates of
Gram-negative bacteria. Asian J. Appl. Sci., 1(4): 113-
118.

Ibekwe VI, Nnanyere NF & Akujobi CO 2001. Studies on
Antibacterial activity and phytochemical quality of
extracts of orange peel. Int. J. Envtal.,, Health and
Human Deuvt., 3: 077-081.

Indabawa | & Arzai A 2011. Antibacterial activity of

Garcinia kola and Cola nitida seed extracts. Bayero J.

Pure and Appl. Sci., 4(1).

https://doi.org/10.4314/bajopas.v4il.11

ON, Moo-Young M & Anderson WA 1994.

Antimicrobial activity of Annato (Bixa orellana) extract.

Int. J. Pharmacognosy, 34: 87-90.

Juliana A, Moctar S & Christophe K 2006. Garcinia kola
Heckel. Forest & Landscape Denmark.
https://curis.ku.dk/ws/files/20497253/garcinia

Katemo F, Marini R & Kadima J 2018. Antihyperglycemic
activity of vernonia amygdalina leaf extracts, hibiscus
esculentus fruit extract and Garcinia kola seed extract
from Kisangani plants. J. Pharmac. Res. Int., 21(5): 1-8.
https://doi.org/10.9734/jpri/2018/40667.

Li X, He X, LiuB, Xu L, Lu C, Zhao H, Niu X, Chen S & Lu
A 2012. Maturation of murine bone marrow-derived
dendritic cells induced by radix glycyrrhizae

Irobi

FUW Trends in Science & Technology Journal, www.ftstjournal.com
e-ISSN: 24085162; p-ISSN: 20485170; December, 2020: Vol. 5 No. 3 pp. 809 - 812 812

polysaccharide. Molecules, 17(6): 6557-6568.
https://doi.org/10.3390/molecules17066569

Maschinen B, Investition A, Beschaffungen G,
Ersatzbeschaffungen B & Mittelherkunft S 2005. Distric
Laboratory Practice in Tropical Countries. Chapter 7,
Part 2 Microbiology (2" edition). Cambridge University
Press UK, pp. 132-143.

Nas FS, Zage AU & Ali M 2018. Phytochemical screening
and antibacterial activity of Garcinia kola seed extracts
against pathogenic methicillin resistant Staphylococcus
aureus. Bayero J. Pure and Appl. Sci., 10(2): 198.
https://doi.org/10.4314/bajopas.v10i2.33

Ndukwe KC, Okeke IN, Lamikanra A, Adesina SK &
Aboderin OJ 2005. Antibacterial activities of aqueous
extracts of selected chewing sticks. The Journal of
Contemporary Dental Practice, 3: 86-94.

Nweke EO, Opara JK & Okafor 1J 2019. Potential hazards of
ethanolic extract of Garcinia kola on the testes of adult
male wistar rats. J. Adv. in Med. and Pharmac. Sci.,
19(3): 1-6. https://doi.org/10.9734/jamps/2018/46524

Okigho R & Mmeka E 2008. Antimicrobial effects of three
tropical plant extracts on <I>Staphylococcus aureus,
Escherichia coli and Candida albicans</I>. Afr. J.
Traditional, Compl. and Alternative Med., 5(3): 226—
229. https://doi.org/10.4314/ajtcam.v5i3.31277

Okwulehie IC, Alozie VC, lkechukwu GC & Nwokeocha OW
2017. Effect of extraction solvents on bioactive
compounds and antimicrobial activities of two varieties
Garcinia kola (Heckel) OBOWO 02 (Soft and less
Bitter) and OBOWO 03 (Hard and very Bitter). UK J.
Pharmac. Biosci., 5(6): 20.
https://doi.org/10.20510/ukjpb/5/i6/166563

Penduka D, Okoh OO & Okoh Al 2011. In-vitro antagonistic
characteristics of crude aqueous and methanolic extracts
of Garcinia kola (Heckel) seeds against some Vibrio
bacteria. Molecules, 16(4): 2754-2765.
https://doi.org/10.3390/molecules16042754

Sanda K, Auwal M, Sanda F, Majama Y & Gambo B 2013.
Phytochemical and &lt;i&gt;in vitro&lt;/i&gt;
antimicrobial properties of &lt;i&gt;n&It;/i&gt;-butanol
seed extract of &lt;i&gt;Garcinia kola&lt;/i&gt; Journal
of Molecular Pathophysiology, 2(2): 11.
https://doi.org/10.5455/jmp.20130207113134.

Udenze EC, Braide VB, Okwesilieze CN & Akuodor GC
2012. Pharmacological effects of Garcinia kola seed
powder on blood sugar, lipid profile and atherogenic
index of alloxan-induced  diabetes in  rats.
Pharmacologia, 3(12): 693-699.



http://www.ftstjournal.com/
https://doi.org/10.3390/microorganisms7070197
https://doi.org/10.4314/bajopas.v4i1.11
https://curis.ku.dk/ws/files/20497253/garcinia
https://doi.org/10.9734/jpri/2018/40667
https://doi.org/10.3390/molecules17066569
https://doi.org/10.4314/bajopas.v10i2.33
https://doi.org/10.9734/jamps/2018/46524
https://doi.org/10.4314/ajtcam.v5i3.31277
https://doi.org/10.20510/ukjpb/5/i6/166563
https://doi.org/10.3390/molecules16042754
https://doi.org/10.5455/jmp.20130207113134

