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Abstract
Background: Bacterial infections of  the gastrointestinal tract (GIT) cause vomiting, diarrhoea and even systemic disease. There 
is a need for the development of  natural products into alternative and safer medicines.
Objectives: This study evaluated the anti-microbial activity of  extracts prepared from berries, leaves,bark and roots of  the edible 
plant Grewia flava.
Methods: The anti-bacterial activity was evaluated by the broth microdilution method. Anti-oxidant activity of  the most active 
extracts was performed by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay. The cytotoxicity of  the extracts was determined using 
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
Results: The acetone extracts of  the leaves and roots showed the best activity with MIC values as low as 0.03 mg/mL against 
Staphylococcus aureus and Salmonella typhimurium and 0.07 mg/mL against Bacillus cereus, Escherichia coli and Staphylococcus aureus. 
Quantitative analysis of  the scavenging ability showed that acetone extracts exhibited good free radical scavenging activity in a 
dose-dependent manner. The berries extract had the highest LC50 (lowest toxicity) of  551.68 68 µg/mL.
Conclusion: Acetone extract of  leaves and roots of  Grewia flava contain anti-microbial and anti-oxidant compounds and could 
therefore be used as a natural product with little toxicity to host cells.
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Introduction
For centuries the indigenous people of  South Africa have 
relied on herbal medicine for all their primary health care, 
and it is estimated that millions of  South Africans still 
use traditional remedies from as many as 700 indigenous 
plant species1. The use of  medicinal plants in the world 
contributes significantly to primary health care and tra-
ditional medicines are part of  the cultural and religious 
beliefs, they are easily available and affordable to rural 
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people2,3. Therefore the level of  sanitation, hygiene and 
living conditions in most rural areas are not comparable 
to those of  urban areas4. There are numerous bacteria 
species that can infect the digestive system, such as Salmo-
nella spp., Escherichia coli, Staphylococcus aureus5. The search 
for and development of  new anti-biotics that will tar-
get resistant bacterial strains are needed. Therefore, the 
screening of  plant extracts for antibacterial compounds is 
very important and relevant6. Anti-microbial substances 
from natural sources like plants have been investigated 
to achieve higher levels of  food safety7. Medicinal plants 
are assumed to be non-toxic and regarded safe due to 
their natural origin and the long use in traditional medi-
cine to treat various forms of  diseases8,9. Scientific studies 
on efficacy and safety of  some of  the medicinal plants 
indicated that there are many phytochemicals that have 
cytotoxicity, genotocixity and carcinogenic effects when 
used chronically10.
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The genus Grewia is from the family Malvaceae and a major 
angiosperm group (flowering plants) with approximately 
400 species of  flowering plants, shrubs, and trees that are 
widely distributed in sub-tropical and tropical regions11,12. 
A number of  species of  the genus Grewia have been re-
ported to be used as medicinal agents to treat several dis-
eases such as skin diseases, hypertension, ulcers and diar-
rhoea, and compounds were isolated from various species 
of  the Grewia13. Grewia flava DC. is commonly known as 
the “brandy bush” or “velvet raisin” (English), “fluweel-
rosyntjie/wilderosyntjie” (Afrikaans) and “moretlwa” (Tswana 
and Sepedi)14. The Grewia flava fruits are mashed, soaked 
for a while in water and eaten as porridge by the San 
(Bushmen). The beer prepared from the berries is called 
“Khadi”14. There is a diverse possibility that the plant in-
volved has ethno-medicinal familiarity to the indigenous 
people and the potential pharmacological interactions are 
an area in serious need of  in-depth study15. To the best of  
the author’s knowledge, no study has been focused on the 
pharmacological activity of  Grewia flava. The aim of  the 
study was to analyze the anti-microbial, the free radical 
scavenging activity and the cytotoxicity of  extracts from  
the edible plant Grewia flava.
 
Materials and methods
Plant materials
Berries, leaves, barks and roots from the edible plant 
Grewia flava were collected from an open field at Molet-
jie Ga-Phago near Lonsdale, Polokwane, Limpopo (Grid 
2329CA 23000', 29000' E). The plant was identified and 
authenticated by Elsa van Wyk from the University of  
Pretoria and a voucher specimen, PRU 119004, is main-
tained at the HGWJ Schweickerdt Herbarium of  the De-
partment of  Plant Science, University of  Pretoria. Plant 
material was dried at room temperature in the shade and 
ground to powder using a Kika-werk M20, bench top 
grinder. Powdered materials were stored in closed honey 
jars at room temperature until use.

Extraction
One gram of  each plant part was macerated in 10 mL of  
acetone, methanol, acetyl acetate and water in polyester 
centrifuge tubes. The tube was vigorously shaken for 30 
min on an orbital shaker, then centrifuged at 4000 x g 
for 10 min and the supernatant was filtered using What-
man No.1 filter paper before being transferred into pre-
weighed glass containers. This was repeated thrice and 

solvent was removed by evaporation under a stream of  
air in a fume hood at room temperature to produce the 
dried extract.

TLC fingerprinting        
TLC-vanillin method of  Kotze and Eloff  was used16. The 
dried extracts were weighed and the mass of  the dried 
residues recorded. Ten milligrams (10 mg) of  the dried 
extract residue was weighed and a 10 mg/mL concentra-
tion extract solution was prepared. Each extract (10 µL) 
was loaded on the base of  the thin layer chromatogra-
phy silica gel 60 F254 aluminium backed plate (Merck). 
Different mobile systems were used for separation of  
the compounds namely: Ethyl acetate: methanol: water 
(EMW, polar system); chloroform: ethyl acetate: formic 
acid (CEF, intermediate system); and benzene: ethanol: 
acetic acid (BEA, non-polar system). The plates were 
sprayed with vanillin in sulphuric acid (0.1 g vanillin in 
28 ml methanol and 1 ml H2SO4) for visualising different 
compounds in the extracts.

Anti-microbial activity       
The four bacterial strains used included two Gram-posi-
tive bacteria (Staphylococcus aureus ATCC 29213, Bacillus ce-
reus ATCC14579) and two Gram-negative bacteria (Esch-
erichia coli ATCC 25922 and Salmonella typhimurium ATCC 
14028). The minimum inhibitory concentration (MIC) 
was determined as previously described17.

Anti-oxidant activity
Qualitative analysis of  the anti-oxidant activity
The TLC-DPPH method and TLC-vanillin method of  
Masoko and Eloff  was used18. The dried extracts were 
weighed and the mass of  the dried residues recorded. 
Ten milligrams (10 mg) of  the dried extract residue was 
weighed and a 10 mg/mL concentration extract solution 
was prepared. Each extract (10 µL) was loaded on the 
base of  the thin layer chromatography silica gel 60 F254 
aluminium backed plate (Merck). Different mobile sys-
tems were used for separation of  the compounds name-
ly: Ethyl acetate: methanol: water (EMW, polar system); 
chloroform: ethyl acetate: formic acid (CEF, intermediate 
system); and benzene: ethanol: acetic acid (BEA, non-po-
lar system). The plates were sprayed with 0.2% DPPH in 
methanol to determine the free radical scavenging activ-
ity. Other plates were sprayed with vanillin in sulphuric 
acid (0.1 g vanillin in 28 ml methanol and 1 ml H2SO4) for 
visualising different compounds in the extracts.
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DPPH radical scavenging activity
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging 
activity was determined using the method proposed by 
Brand-Williams19. One hundred and sixty microlitres of  
the methanolic solution of  DPPH (0.04 mg/mL,) was 
added to 40 µl ascorbic acid and Trolox at concentra-
tions of  1.0–200 µg/mL (positive controls), and differ-
ent concentrations of  crude extracts (3.9–500 µg/mL). 
After 30 minutes the absorbance was measured at 517 
nm using a Biotek microplate reader. Ascorbic acid was 
used as positive control, methanol as negative control 
and extract without DPPH as blank. Scavenging capacity 
(%) = 100-[(absorbance of  sample - absorbance of  sam-
ple blank)×100/(absorbance of  control)-(absorbance of  
control blank)]. The IC50 values were calculated from the 
graph plotted as inhibition percentage against the con-
centration.

Cytotoxicity
Cytotoxicity of  extracts was evaluated against Vero cells 
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) assay as previously described17. 
Cells were seeded at a density of  1 x 105 cells/ml (100 µl) 
in 96-well microtitre plates and incubated at 37oC and 5% 
CO2 in a humidified environment. After 24h incubation, 
extracts (100 µl) at varying final concentrations were add-
ed to the wells containing cells. Doxorubicin was used as 
a positive reference. A suitable blank control with equiva-
lent concentrations of  acetone was also included and the 
plates were further incubated for 48h in a CO2 incubator. 
Thereafter, the medium in each well was aspirated from 
the cells, which were then washed with PBS, and finally 
fresh medium (200 µl) was added to each well. Then, 30 
µl of  MTT (5 mg/ml in PBS) was added to each well and 
the plates were incubated at 37°C for 4h. The medium 
was aspirated from the wells and DMSO was added to 

solubilize the formed formazan crystals. The absorbance 
was measured on a BioTek Synergy microplate reader at 
570 nm. Cell growth inhibition for each extract was ex-
pressed in terms of  LC50 values, defined as the concen-
tration that caused 50% of  inhibition of  cell viability. The 
selectivity index (SI) values were calculated by dividing 
cytotoxicity LC50 values by the MIC values (SI = LC50/
MIC). Tests were carried out in quadruplicate and each 
experiment was repeated thrice.

Statistical analysis
All experiments were conducted thrice in triplicates and 
values expressed as mean ± standard deviation (SD). Sta-
tistical analysis was performed by using one way ANOVA 
and results were compared using the Student’s t-Test at a 
5% significance level.
 
Results and discussion
Anti-microbial activity
The anti-bacterial activity of  the Grewia flava plant extracts 
parts is shown in Table 1. The results showed that the ac-
tivity of  the extracts against the four enteric pathogens 
varied from weak to significant with MIC values ranged  
from >2.5 to 0.03 mg/mL.The acetone extracts of  the 
leaves and roots had better activity with MIC values as 
low as 0.03 mg/mL against S. aureus and S. typhimurium 
and 0.07 mg/mL against B. cereus, E. coli and S. aureus. Ac-
etone was previously reported to be the best extractant of  
anti-microbial compounds in addition to its low toxicity 
to pathogens20. Methanol extracts also had significant ac-
tivity with the lowest inhibition at a concentration of  0.07 
mg/mL from the leaves, bark and roots  against E. coli, 
B. cereus and S. aureus. Acetyl acetate root extract had an 
effective activity against S. aueus and E. coli with a minimal 
concentration of  0.07 mg/mL. Water extracts were not 
effective against the enteric pathogens. 
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Table 1: Minimal inhibitory concentrations (mg/mL) of the berries, leaves, bark and 

roots extracts of Grewia flava against four enteric pathogens. 
 

Plant parts   
Solvents 

MIC (mg/mL) 
Sa Bc Ec ST 

Berries Acetone 0.62 1.25 0.31 1.25 
Methanol >2.5 >2.5 1.25 >2.5 
Acetyl acetate 0.15 0.15 0.31 0.31 
Water 0.31 1.25 0.15 0.62 

Leaves Acetone 0.03 0.07 0.07 0.03 
Methanol 0.07 0.62 0.07 0.15 
Acetyl acetate 0.62 1.25 0.31 1.25 
Water 0.31 >2.5 0.31 1.25 

Barks Acetone 0.07 0.31 0.15 0.62 
Methanol 0.31 0.15 0.31 0.31 
Acetyl acetate 0.62 1.25 0.15 1.25 
Water >2.5 >2.5 1.25 >2.5 

Roots Acetone 0.03 0.07 0.07 0.62 
Methanol 0.07 0.31 0.07 0.15 
Acetyl acetate 0.15 0.31 0.62 0.31 
Water 0.31 >2.5 1.25 0.62 

Gentamicin 
(µg/mL) 

  0.2 0.8 0.4 1.56 

          BC: Bacillus cereus, EC: Escherichia coli, ST: Staphylococcus aureus, ST: Salmonella typhimurium.  
          in bold are MIC values < 0.1 mg/mL. 

To the best of  the author’s knowledge, this is the first re-
port on the anti-bacterial activity of  extracts from Grewia 
flava species. However, several previous studies reported 
the antibacterial activity of  extracts from the genus Gre-
wia21. For instance, Gupta et al.22 reported the activity of  
different extracts of  G. asiatica against four Gram positive 
(Bacillus subtilis, B. cereus, Staphylococcus aureus,  Enterococcus 
faecalis) and five Gram negative bacteria (Escherichia coli,  
Listeria monocytogeneses,  Salmonella typhimurium,  Shigella flex-
neri and Pseudomonas aerugenosa).
Although the methanol extracts were also effective against 
the enteric pathogens, the acetone extracts were the most 
active and were selected for further studies.

TLC fingerprinting
In order to observe the major compounds group within 
the most active extracts, qualitative phytochemical analy-
sis using TLC fingerprinting was developed in three dif-

ferent systems:  a non-polar system (BEA), an intermedi-
ate system (CEF) and a polar system (EMW). Qualitative 
screening of  acetone extracts of  the Grewia flava plant 
parts was performed to obtain thin layer chromatography 
(TLC) fingerprints of  each investigated extract. Results 
are presented in Figure 1. The chromatogram reveals a 
mixture of  compounds where the system separated the 
non-polar compounds finely, which exhibited differ-
ent colours when reacting to the Vanillin/H2SO4 spray 
reagent. The classes of  compounds extracted include 
the terpenoids, which are purple or bluish purple23. The 
EMW system, which is a highly polar system, was used to 
separate the water extracts, because water is a highly po-
lar solvent, most of  the compounds extracted were polar 
to highly polar compounds. Some secondary metabolites 
and isolated compounds present in Grewia species include 
pelargonidin 3,5-diglucoside, naringenin-7-O-β-D-gluco-
side, tannins, catechins, and cyanidin-3-glucoside24, betu-
lin, lupeol, lupenone and friedelin25.
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Figure 1: TLC chromatogram of the berries, leaves, bark and roots extracts developed in the BEA system (A) in the 
EMW system (B) and in the CEF system (C) and sprayed with vanillin-–H2SO4. 

Anti-oxidant activity
The qualitative anti-oxidants screening of  spraying 
DPPH on TLC plates indicates the presence of  antioxi-
dant compounds in the crude extracts. The anti-oxidant 
compounds are visualised as yellow spots against the 
purple background of  DPPH, as shown in Figure 2. The 

number of  anti-oxidant compounds identifiable depends 
on the mobile system used for separation. The Roots 
extract showed a range of  compounds extracted. Most 
of  the antioxidant compounds in this species were polar 
phenolics compounds, and were better separated with a 
polar mobile system (CEF).

 
 
Figure 2: TLC chromatogram of the berries, leaves, bark and roots extracts developed in theBEA system (A) in the 
EMW system (B) and in the CEF system (C) and sprayed with DPPH. 

Quantitative analysis of  the scavenging ability showed 
that acetone extracts exhibited good free radical scaveng-
ing activity in a dose-dependent manner. The IC50 values 
ranged from 250.53 µg/mL to 70.09 µg/mL. Root ex-
tract exhibited the highest antioxidant activity (IC50 values 
of  70.09 µg/mL) which was consistent with the activity 
on TLC-DPPH sprayed plates. However this activity was 
lower than that of  ascorbic acid used as control (IC50 val-
ue of  9.14 µg/mL). The leaves extract had a high DPPH 
radical activity compared to the berries and bark. No pre-
vious study has been focused on the anti-oxidant activity 
of  Grewia flava. However, the anti-oxidant activity of  re-
lated species is well documented26.

Cytotoxicity
The cytotoxicity was determined using the in vitro assay 
and tested against Vero monkey kidney cells. The LC50 
values and the selectivity index calculated are presented 
in Table 2. The cytotoxicity evaluation is important in the 
biological activity testing to ensure that the biological ac-
tivity of  the plant extract is not due to a general metabolic 
toxic effect. In this study, the LC50 values ranged from 
402.13 to 551.68 µg/mL, while the SI values were be-
tween 0.05 and 7.88. The berries extract had the highest 
LC50 (lowest toxicity) of  551.68 µg/mL. The results indi-
cate that the extracts of  Grewia flava are less toxic to Vero 
cells at the tested concentration compared to doxorubicin 
used as control (IC50 value of  3.02 µg/mL) and therefore 
confirm the safety of  the use of  this edible plant.  
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Table 2: Antioxidant activity (IC50 in µg/mL), cytotoxicity against Vero cells (LC50 in 
µg/mL) and selectivity index (SI) of Grewia flava acetone extracts. 

 
  

Extracts 
  

IC50 (µg/mL) 
  

LC50 (µg/mL) 
Selectivity index (LC50/MIC) 
Bc Ec Sa ST 

Berries 222.34±35.32a 551.68±22.55a 0.41 4.03 0.50 0.50 
Leaves 123.87±26.18b 507.21±12.65b 7.88 1.00 2.33 1.00 
Bark 250.53±43.08c 452.69±33.02c 1.46 2.07 2.14 0.11 
Roots 70.09±17.15d 402.13±23.02d 5.74 1.00 2.33 0.05 
Doxorubicin nd 3.02±0,03e nd nd nd nd 
Vitamin C 9.14±3.24e nd nd nd nd nd 

BC: Bacillus cereus, EC: Escherichia coli, ST: Staphylococcus aureus, ST: Salmonella typhimurium. nd = not 
detected. Data represent the mean ± SD of three independent experiments; values with different letters are 
significantly different at p< 0.05. 

Conclusion
The indigenous edible plant Grewia flava was shown to be 
non-toxic at the tested concentrations. Root and leaves 
extracts possess significant antibacterial activity particu-
larly against Staphylococcus aureus and therefore could be 
used to combat bacterial diseases. Further studies have 
to be conducted to confirm the safety and to isolate the 
bioactive compound(s).
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