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Abstract 

Background  The emergence of multidrug resistant Candida species to available drugs has led to renewed interest 
in the use of herbal medicines globally. This study scientifically verified antifungal effectiveness of five commonly used 
plant species in Pader district, against selected pathogenic candida strains.

Methods  Powdered roots of Momordica foetida, Sansevieria dawei and Distimake dissectus; and stem barks of Khaya 
anthotheca and Mitragyna rubrostipulata were extracted sequentially using petroleum ether and methanol, respec-
tively; and total water extraction at 24.4 °C (maceration), 60 °C (decoction) and boiling water at 87 °C (hot water infu-
sion). Extracts and their combinations, positive controls (amphotericin B, and fluconazole) and negative control (80% 
dimethyl sulfoxide, verified to be tolerable concentration to the tested Candida species) were screened and verified 
for their antifungal activity against Candida albicans (ATCC: American Type Culture Collection reference strain 10231, 
ATCC 90028, 0770a and 0796), C. glabrata (VVc 004, ATCC 2950) and C. tropicalis (ATCC 750 and 0210) using agar well 
diffusion and broth micro-dilution, respectively.

Results  Aqueous extract (24.4 °C) of M. rubrostipulata (ZOI: 18.00 ± 1.00 to 38.33 ± 0.17; MIC: 3.13 ± 0.00 to 20.83 ± 4.17; 
MFC: 12.50 ± 0.00 to 200.00 ± 0.00), methanol extract of K. anthotheca (10.11 ± 0.31 to 15.11 ± 0.65; 1.04 ± 0.26 
to 12.50 ± 0.00; 12.50 ± 0.00 to 100.00 ± 0.00), and combination of aqueous extract (60 °C) of D. dissectus + methanol 
extract of K. anthotheca (7.89 ± 0.26 to 19.67 ± 0.37; 0.78 ± 0.00 to 50.00 ± 0.00; 12.50 ± 0.00 to 200.00 ± 0.00) exhibited 
broad spectrum antifungal activities and were fungistatic against all tested Candida species, which comprised 8 clini-
cal/control and susceptible/resistant strains. None of the conventional drugs used demonstrated broad spectrum 
antifungal activity across all tested Candida species/strains.

Conclusion  Methanol extract of K. anthotheca, aqueous extract (24.4 °C) of M. rubrostipulata, and combination 
of aqueous extract (60 °C) of D. dissectus + methanol extract of K. anthotheca could be effective in the treatment 
of candidiasis. They demonstrated potential broad spectrum antifungal activity against different species and strains 
of tested Candida than the fluconazole and amphotericin B drugs. Their fungistatic nature showed their ability 
to inhibit fungal growth. Hence, these extracts/extract combination can offer better treatment option for candidiasis 
if they are standardized and also their active curative compounds isolated and made into antifungal drugs.
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Introduction
Globally it is estimated that, 1.5 million people die from 
invasive fungal infections annually [1]. In most African 
countries, many people are affected with oropharyn-
geal and vulvovaginal candidiasis due to mostly their 
immuno-compromised status [2]. In Uganda, the situa-
tion is not different since 4,099,357 people (about 9% of 
the total population) get fungal infections [3] and about 
38,000 people die yearly, mainly from HIV-related fun-
gal infections [2]. Most of these cases are from Eastern 
and Northern Uganda where Pader district is located, 
these regions contain the highest burden of HIV-related 
opportunistic infections in the country, especially oral 
candida [4]. The current treatment of candidiasis involves 
the use of orthodox medicines, and fluconazole is widely 
used antifungal drug of choice for first-line prophy-
laxis treatment of mainly candidiasis [5, 6]. Similarly in 
Uganda, serious fungal infections of Candida like Can-
dida vaginitis is also treated with fluconazole [3]. How-
ever the antifungal drugs are scarce and expensive [7], 
and most fungi have developed resistance to them [8]. 
This can be partly attributed to the small number of anti-
fungal drug classes [9]. The available antifungal drugs are 
also expensive and not easily accessible especially to the 
poor communities [6]. These factors have resulted in the 
resurgence in medicinal plants use globally. Thus tradi-
tional medicine meets the primary health care needs to 
about 80% of people in the developing countries [10]. 
Many plants have been documented for treatment of var-
ious fungal infections, and some of the plants like Punica 
granatum L., Eucalyptus globulus Labill, Artemisia mexi-
cana  Willd. among others, have demonstrated broad 
antifungal potential including anti-candida activity [11, 
12]. Medicinal plants of Momordica foetida Schumach., 
Sansevieria dawei Stapf, Khaya anthotheca  (Welw.) 
C.DC., Distimake dissectus (Jacq.) A. R. Simões & Sta-
ples and Mitragyna rubrostipulata (K.Schum.) Havil. are 
widely used by communities of Pader district in Northern 

Uganda for treatment of both oropharyngeal candidiasis 
(OPC) and vulvovaginal candidiasis (VVC) [13].

The high fungal disease burden therefore poses a seri-
ous health challenge and requires a multi-pronged 
approach to deal with it. Medicinal plants offer viable 
prospects because of the relatively high success rates of 
drug discovery from medicinal plant compared to other 
methods [14]. This study thus sought to validate effective-
ness of medicinal plant species used by the community 
in Pader district against Candida species, as a potential 
source of antifungal drugs. This aligns with SDG 3 of pro-
moting good health and well-being for all by 2030.

Materials and methods
Plant materials
The root and stem barks of five of the most cited medici-
nal plants, based on their high Informant Consensus Fac-
tor (FIC) values for the treatment of candidiasis by the 
communities of Pader district, from an earlier ethnobo-
tanical study by Akwongo et  al. [13] were tested in this 
study as shown in Table 1.

The plants were collected in June 2022 from Lapul and 
Pajule sub-counties in Pader district (32°45′E–33°00′E 
and 2°45′N–3°00′N). Voucher specimens of the collected 
plant species were identified at Makerere University Her-
barium (MHU). We reported Distimake dissectus (Jacq.) 
A. R. Simões & Staples, for the first time in Uganda 
and deposited the first voucher specimen at the MHU, 
after it was jointly identified by taxonomists Dr. Mary 
Namaganda and Dr. Eunice Olet. The names of the 
identified plant species were verified using Plants of the 
World (POWO).

Plant extracts preparation
The dried plant materials were powdered and used to 
prepare extracts using petroleum ether and methanol 
solvents. The assay was done according to Vaghasiya and 
Chanda [15], with slight modifications of using solvents 

Table 1  Plant species/parts tested against Candida spp in this study

Plant scientific names and voucher number Part used GPS coordinates of plant species collection sites

1 Momordica foetida Schumach
BA005

Root 03°0′25″ N 33°0′56″ E; Altitude 1051.1 m

2 Sansevieria dawei Stapf
BA002

Root 03°0′26″ N 33°0′50″ E; Altitude 1072.9 m

3 Khaya anthotheca (Welw.) C.DC
BA013

Stem bark 03°0′22’’N 33°1′43″E; Altitude 1080.9 m

4 Distimake dissectus (Jacq.) A. R. Simões & Staples BA032 Root 02°54′49″N 32°55′56″E; Altitude 1052.3 m

5 Mitragyna rubrostipulata (K.Schum.) Havil. (Earlier known 
as Hallea rubrostipulata (K. Schum.) Leroy BA019

Stem bark 02°54′49″N 32°55′56″E; Altitude 1052.3 m
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of increasing polarities viz. petroleum ether (non-polar 
solvent) followed by methanol (polar solvent). In the 
same way, 100  g of powered plant samples was used to 
prepare aqueous extracts using decoction (at 60 °C) [16], 
maceration with boiled cooled distilled water at room 
temperature, 24.4 °C [17] and hot water infusion (87 °C) 
[17]. All dry extracts were labelled and weighed to obtain 
the percentage extraction yields using the equation of 
Aruwa et al. [18]:

The dried extract powders were placed in stoppered sam-
ple vials, and maintained at 4 °C, until their use for anti-
fungal activity determination.

Antifungal activity tests
Antifungal organisms
Candida species/strains
The quality control fungal strains, viz C. albicans ATCC 
10231, C. albicans ATCC 90028, C. tropicalis ATCC 750 
and C. glabrata ATCC 2950 were supplied as culti-loops 
(Thermo scientific, USA). Clinical fungal isolates (C. 
albicans 0796, C. albicans 0770a and C. tropicalis 0210), 
whose identities and in  vitro antifungal susceptibilities 
were already determined by automated VITEK 2 (bioMé-
rieux) compact system (card AST-YS08) were obtained as 
trial vials from Kiruddu National Referral Hospital, Kam-
pala. Candida glabrata VVc 004 was obtained from Mba-
rara University of Science and Technology as Candida 
albicans VVc004. It was verified using automated VITEK 
2 at Kiruddu National Referral Hospital, which showed 
that it was Candida glabrata susceptible to fluconazole, 
and thus was used as C. glabrata VVc 004 for this study. 
The species and strains of candida were all maintained at 
4 °C. Candida species/strains and their susceptibilities to 
the conventional drugs are summarized in Table 2.

(1)

Extract yield =

(

weight of dried extract/

weight of the dried plant samples
)

× 100%.

Prior to the experiment, the Candida species were resus-
citated in Brain Heart Infusion Broth (BHIB) (Oxoid) 
which was prepared following the manufacturer’s 
instructions (Thermo Scientific, Oxoid) (https://​labmal.​
com/​produ​ct/​brain-​heart-​infus​ion-​broth-​500g/). The 
loops containing different quality control Candida spe-
cies (ATCC) were each placed in separate glass tubes of 
BHIB. For clinical isolates, 100 µl of each of the culture 
suspensions were dispensed into separate BHIB media in 
glass tubes using micro-titre pipette. All the glass tubes 
with their contents were incubated at 37  °C for 24  h. 
Thereafter, growth of fungal cells was observed by turbid-
ity of the media in the glass tubes. Culture broths were 
inoculated on Sabouraud dextrose agar (SDA) that was 
freshly prepared according to the manufacturer’s instruc-
tions (Oxoid, United Kingdom), and then acidified with 
1% lactic acid to impede any kind of bacterial growth. The 
inoculated SDA were incubated aerobically at 37  °C for 
24 h [19]. The grown yeast cells were passaged on SDA to 
ensure purity and viability before inoculum preparation, 
and were maintained at 4 °C.

Inoculum preparation
The inoculum was prepared according to Clinical Labo-
ratory Institute CLSI M27-A3 [20] with modifications 
of incubation temperature to 37  °C for better growth of 
yeast according to EUCAST [21], and fungal growth time 
to 24–48 h, to attain the required colony diameters rec-
ommended by CLSI M27- A3 [20], which is ≥ 1 mm [19]. 
Five colonies of ≥ 1  mm in diameter were picked from 
24 to 48-h-old cultures and suspended in 5  mL of ster-
ile 0.145-mol/L saline (8.5  g/L NaCl; 0.85% saline). The 
resulting suspension was vortexed for 15  s, and the cell 
turbidity adjusted with a spectrophotometer at 530  nm 
by adding sufficient sterile saline to increase the trans-
mittance to that produced by a 0.5 McFarland of 1 × 106 
to 5 × 106 cells per mL. This cell count produces confluent 
growth of Candida species on the agar plate, thus, was 
used for zone of inhibition determination [22].

For minimum inhibitory concentration (MIC) deter-
mination, a working suspension was made by a 1:100 

Table 2  Candida species/strains and their susceptibilities to the conventional drugs

The quality control strains are in reference to fluconazole; all clinical isolates are susceptible to Amphotericin B

Candida species/strains

Candida albicans Non-Candida albicans

Resistant to fluconazole Susceptible to fluconazole Susceptible to fluconazole

C. albicans ATCC 
10231

C. albicans 0796 C. albicans ATCC 
90028

C. albicans 0770a C. glabrata ATCC 
2950

C. glabrata VVc 
004

C. tropicalis ATCC 
750

C. tropicalis 0210

https://labmal.com/product/brain-heart-infusion-broth-500g/
https://labmal.com/product/brain-heart-infusion-broth-500g/
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dilution followed by a 1:20 dilution of the stock suspen-
sion with RPMI 1640 broth medium buffered to pH 
6.9–7.1 containing 3-(N-morpholino) propanesulfonic 
acid [MOPS] at a concentration of 0.164 mol/l (34.53 g/l), 
which resulted in 0.5 × 103 to 2.5 × 103 cfu/ml.

Antifungal assays
Preparation of positive controls
The conventional antifungal drug powder, fluconazole 
analytical grade (Sigma-Aldrich, India), fluconazole 
pharmaceutical grade (Pfizer, France) and Amphotericin 
B (Gilead sciences international Ltd, Cambridge) were 
used as positive controls. Stock solutions at concentra-
tion of 1280 µg/mL were prepared, using sterile distilled 
water [23]. For MIC determination, the prepared solu-
tions were diluted in Roswell Park Memorial Institute 
(RPMI) medium to give test concentrations ranging from 
64 to 0.125 µg/mL, which encompasses breakpoint con-
centrations for MIC testing based on current antifungal 
clinical breakpoints and interpretive categories for yeasts 
for broth microdilution (fluconazole: S: ≤ 2 µg/mL, SDD: 
4–32 µg/mL and R: 8–64 µg/mL) [20, 22].

Preparation of stock solutions of plant extracts
Eighty percent dimethyl sulfoxide (DMSO) (GC grade, 
Spectrochem, India) was used for complete dissolution 
of all the plant extracts for this study (aqueous, metha-
nol and petroleum ether), having been first tested and 
found to be tolerable concentration to all the selected 
strains of Candida albicans, Candida tropicalis and Can-
dida glabrata species, with zero zone of inhibitions from 
Agar well diffusion tests (Table 5). Use of 80% DMSO as 
a diluent was a modification of Nejad et  al. [24]; Wenji 
et al. [25] and Ruiz-Duran et al. [26] protocols who used 
100% DMSO as safe extract diluent against similar tested 
Candida species. Stock concentration of 400 mg/ml was 
made for screening of the plant extracts for antifungal 
activity [27].

Agar well diffusion for antifungal activity screening of 
single-plant extracts
The yeast suspension of 100  μl (1 × 106 to 5 × 106 cells 
per mL) were pipetted on the surface of Mueller–Hinton 
Agar medium (MHA) (India) that was not supplemented 
with glucose to avoid fungal overgrowth, and non-sup-
plemented with methylene blue dye due to clear inhibi-
tion zone edge demarcations [28]. The suspensions were 
surface spread over the entire agar surface a total of 3 
times, with rotation of the plate approximately 60° each 
time to ensure even distribution of the inoculum. The 

inoculation was done within 15 min of inoculum suspen-
sion preparation to avoid change of its density [29]. The 
swabbed Mueller–Hinton Agar plates stood for 15 min to 
allow the attachment of yeast on the media [22, 27].

Wells of diameter of 6 mm each were punched aseptically 
with a sterile cork borer into the agar. Thereafter, 50 µL of 
400 mg/ml of each extract stock solutions, were pipetted 
using a fixed-volume micropipette and introduced into 
the wells. Plates with wells filled with 50 µL fluconazole 
analytical grade, fluconazole pharmaceutical grade and 
Amphotericin B (6.4  μg) separately; and 50  µL of 80% 
DMSO were the positive and negative controls, respec-
tively [30]. The inoculated plates stood in the biosafety 
cabinet for 2 h to facilitate diffusion of applied solutions 
in the media. Subsequently, the Petri dishes were incu-
bated at 35 ± 2  °C for 24 h. The experiments were repli-
cated and read at 24 hourly intervals for 3 days, i.e. 24 h, 
48 h and 72 h (n = 9) to increase reliability. Measurement 
of the diameters of the zones of inhibition around the 
wells were done using a mathematical divider and a trans-
parent ruler in millimetres [27]. The extent of antifungal 
activity of the test plant extracts were interpreted accord-
ing to Arenas et al. [31] with slight modifications of inter-
pretive ranges of antifungal activity intensity, to include 
all plants with zone of inhibition (ZOI) to have exhibited 
antifungal activity to some extent, recorded as: +  = very 
low activity (ZOI: < 10  mm); +  +  = low activity (ZOI: 
10–13 mm); +  +  +  = moderate activity (ZOI: 14–19 mm 
ZOI), +  +  +  +  = very high activity (ZOI: > 19 mm).

Agar well diffusion/antifungal activity screening of 
combinations of plant extracts with demonstrated 
antifungal activity
Antifungal activity of plant extract combinations were 
to verify antifungal potentials of plant combinations 
used traditionally for treatment of candidiasis [13]. This 
is because synergistic antimicrobial combinations are 
known to offer therapeutic remedies for antimicrobial 
resistance [32]. The synergistic antimicrobial poten-
tials were determined only for the active plant extracts, 
by making intra- and inter-extract combinations of the 
active plant species [33]. The plant extract combinations 
were constituted as shown in Table 3.

Antifungal activity of extracts combinations
The extracts combinations were screened for antifun-
gal activity using agar well diffusion assay as described 
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previously in Section "Agar well diffusion for antifungal 
activity screening of single plant extracts".

Determination of minimum inhibitory concentration (MIC)
Fungal growth medium

Synthetic RPMI medium 1640 (X1, UK) [with glutamine, 
without bicarbonate, and with a pH indicator; supple-
mented with 2% glucose, buffered with 3-(N-morpholino) 
propane sulfonic acid (MOPs) at a concentration of 
0.164 mol/l (34.53 g/l), pH 6.9–7] was used to determine 
MIC of plant extracts/drugs [20, 34]. This is because 
RPMI medium 1640 is a superior medium that results in 
lower MICs than when other media are used [35].

Supplementing RPMI (X1) with 2% glucose
The glucose concentration in RPMI 1640 (1X) was 
adjusted from 0.2% to 2% as recommended in EUCAST 
[21], by adding 1.8% of extra pure glucose. The pH was 
maintained at a range of 6.9–7.1 using 10  M MOPs 
sodium salt as the buffer by making a final concentration 
of 0.165 M in the medium. Briefly, 500 ml of the RPMI 
1640 medium was supplemented with 2% glucose by add-
ing 90ml of a 10% sterilized glucose solution and 8.25 ml 
of the 10 M MOPS to 401.75 ml of RPMI medium. This 
made a final volume of 500 ml of 2% RPMI 1640 medium. 

Addition of MOPs raised the pH of RPMI 1640 medium 
to 8.43. Final pH of 7.08 (6.9–7.1 range) was achieved by 
adding 2M HCl drop-wise (each drop contained 10  μl) 
and monitored using a pH meter.

Minimum inhibitory concentration (MIC) of antifungal 
agents
The MIC was determined for all the plant extracts and 
extract combinations that showed antifungal activity in 
the agar well diffusion. Exactly 100 µL medium of RPMI 
1640 was filled in sterile microplates (96 U-shaped wells) 
from 1 to 12 wells [20]. Then 100  μl of plant extracts 
(400 mg/ml / 200 mg/ml / 100 mg/ml) were added to the 
first 1–7 wells in the first row of the microplates using a 
micropipette. The extracts were subsequently serially 
double diluted down the columns using a multi-channel 
micropipette. The contents of the first wells were thor-
oughly mixed by rinsing 5 times using a multi-channel 
micropipette. After that, 100 μl of the mixture were pipet-
ted and then transferred to the second wells, and mixed 
thoroughly. Consequently, 100  μl of the contents of the 
second wells were transferred to the third wells using new 
micropipette tips after thoroughly mixing. This procedure 
was repeated up to the eighth wells, where 100 μl of the 
thoroughly mixed content was pipetted and discarded so 
as to maintain the same volume of fluid in all the wells 

Table 3  Intra- and inter-extract combinations of active plant species

Key: Aqueous1 =  cold water at 24.4 °C; aqueous2 =  hot water at 60 °C; aqueous3 =  hot water at 87 °C; Vol =  volume

Plant species Extracts combinations Vol of DMSO 
used (mls)

1. K. anthotheca (Ka) 0.4 g Ka aqueous1 + 0.4 g Ka methanol 2

2. M. rubrostipulata (Mr) 0.4 g Mr aqueous1 + 0.4 g Mr methanol 2

0.4 g Mr aqueous1 + 0.4 g Mr aqueous3 2

0.4 g Mr methanol + 0.4 g Mr aqueous3 2

0.2 g Mr methanol + 0.2 g Mr aqueous3 + 0.4 g Mr aqueous1 2

0.4 g Mr aqueous1 + 0.4 g Mr methanol + 0.4 g Mr aqueous3 3

3. D. dissectus (Dd) + M. rubrostipulata (Mr) 0.4 g Dd aqueous2 + 0.4 g Mr aqueous1 2

4. D. dissectus (Dd) + K. anthotheca (Ka) 0.4 g Dd aqueous2 + 0.4 g Ka aqueous1 2

5. K. anthotheca (Ka) + M. rubrostipulata (Mr) 0.4 g Ka aqueous1 + 0.4 g Mr aqueous1 2

6. D. dissectus (Dd) + K. anthotheca (Ka) + M. rubrostipulata 
(Mr)

0.4 g Dd aqueous2 + 0.4 g Ka aqueous1 + 0.4 g Mr aqueous1 3

7. M. rubrostipulata (Mr) + 
K. anthotheca (Ka)

0.4 g Mr aqueous1 + 0.4 g Ka methanol 2

8. D. dissectus (Dd) + 
K. anthotheca (Ka)

0.4 g Dd aqueous2 + 0.4 g Ka methanol 2

9. D. dissectus (Dd) + 
K. anthotheca (Ka) + 
M. rubrostipulata (Mr)

0.4 g Dd aqueous2 + 0.4 g Ka methanol + 0.4 g Mr aqueous1 3
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(EUCAST, 2003; 28). The above serial double dilutions 
from wells 1–7 containing 400 mg/ml plant extracts pro-
duced concentrations of 200, 100, 50, 25, 12.5, 6.25, 3.125 
and 1.5625  mg/ml; wells containing 200  mg/ml extracts 
due to strong antifungal activity, produced concentrations 
of 100, 50, 25, 12.5, 6.25, 3.125, 1.5625 and 0.78125 mg/
ml; and wells with 100  mg/ml plant extracts resulted in 
50, 25, 12.5, 6.25, 3.125,1.5625, 0.78125 and 0.390625 mg/
ml correspondingly [27]. For the positive controls; 100 µL 
of 64  µg/mL (0.064  mg/ml) fluconazole analytical grade 
was added to well 8, 100 µL of 64 µg/mL (0.064 mg/ml) 
fluconazole laboratory grade was added to well 9, and 
100 µL of 64 µg/mL (0.064 mg/ml) amphotericin B ana-
lytical grade was added to well 10. The fluconazole and 
amphotericin B drugs (positive controls) were serially 
double diluted following the same procedures for dilut-
ing plant extracts above, that resulted in drug concentra-
tions of 32, 8, 4, 2, 1, 0.5, 0.25 and 0.125 µg/mL from wells 
8–10, respectively. Wells 11 and 12 contained the added 
100 µL of medium for growth and sterility controls (the 
blank) [23]. Exactly 100 µL of diluted inoculum suspen-
sion (0.5 × 103 to 2.5 × 103  cfu/ml) was pipetted and first 
added to well 11 (growth control), then subsequently to 
the tenth, until well number one. This reduced the error 
of contaminating the growth control well. Exactly 100 µL 
of the RPMI medium was pipetted to well 12. The micro-
dilution plates were covered with their lids/aluminium foil 
and ten incubated at 37 °C [21] for 24–48 h [23].

Since the plant extracts were turbid/coloured, the 
MIC of the plant extracts/drugs on candida strains were 
observed visually for any reduction in resazurin dye 
by change of colour from blue colour to pink [27, 36] 
or brown/colourless caused by long/overnight incuba-
tion due to variation in resazurin reduction time of the 
cell line under investigation [37, 38]. Colour change in 
the resazurin dye was an indicator of metabolic activ-
ity of active fungal cells in the wells [36]. The lowest 
plant extracts/drug concentrations that inhibited visible 

growth of the tested Candida species/strains/highest 
dilutions were chosen as the MIC values (lowest drug/
extract dilution X original plant extract concentration). 
The methods described by Ohikhena et al. [36] was used, 
in which 20  μL of 0.01% resazurin was added to all the 
wells (from the 12th to the 1st well) and was further incu-
bated for overnight at 37  °C. The growth in each well 
were compared with the growth in the control/drug-free 
wells. Triplicates of the experimentation were done.

The susceptibility of potential antifungal plants to 
Candida species was based on the lowest values of MIC 
attained. The MICs for antifungal drugs: fluconazole 
were interpreted following CLSI M27-A3 guidelines [20]: 
susceptible (S): ≤ 2  µg/mL, susceptible dose dependent 
(SDD): 4–32 µg/mL and resistant (R): 8–64 µg/mL) [22]; 
while amphotericin B susceptibilities were interpreted 
based on CLSI M27-A2 guidelines [23] (susceptible 
(S): ≤ 1 µg/mL and resistant (R): > 1 µg/mL).

Determination of minimum fungicidal concentrations (MFCs)
The MFCs were determined for all the wells that did 
not show fungal growth from MIC results to ascertain 
if the extracts/drugs were fungicidal. The contents of 
these wells were homogenized with micropipette tips, 
and an aliquot from each well [30] was sub-cultured by 
streaking on SDA containing 1% lactic acid to suppress 
bacterial growth [39]. The lowest concentration of the 
extracts/drugs that did not permit any fungal colony 
growths after incubation for 18–24  h at 37  °C were 
taken as MFC [40]. The MFCs were calculated as lowest 
drug/extract dilution X original plant extract concen-
tration. Duplicates of experiments were done.

Statistical analysis
Descriptive statistics (mean and standard error of the 
mean) were computed for weights of the plant extracts, 
zone of inhibition (ZOI), MICs and MFCs using 

Table 4  Extract yields (%) (mean ± SE) of plant species in different solvents (n = 3)

Key: Aqueous1 =  cold water at 24.4 °C; Aqueous2 =  hot water at 60 °C; aqueous3 =  hot water at 87 °C

Plant species Solvents ANOVA

Petroleum ether Methanol Aqueous1 Aqueous2 Aqueous3 F p

1. M. foetida 0.27 ± 0.01 9.31 ± 0.01 4.96 ± 0.01 6.83 ± 0.01 19.79 ± 0.01 3388941.79 0.00

2. S. dawei 0.22 ± 0.01 15.30 ± 0.01 18.60 ± 0.01 15.53 ± 0.01 27.15 ± 0.01 546166.75 0.00

3. K. anthotheca 0.33 ± 0.01 16.13 ± 0.01 9.36 ± 0.01 11.08 ± 0.01 26.47 ± 0.01 1657758.44 0.00

4. M. rubrostipulata 2.59 ± 0.01 20.67 ± 0.01 6.70 ± 0.01 7.38 ± 0.01 5.90 ± 0.01 251021.36 0.00

5. D. dissectus 0.06 ± 0.01 5.98 ± 0.01 5.03 ± 0.01 2.58 ± 0.01 25.05 ± 0.01 556368.30 0.00

F 21235.27 1525071.10 2085116.29 1187733.72 155402.74

p 0.00 0.00 0.00 0.00 0.00
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SPSS version 20. Mean values for weights of the plant 
extracts, zone of inhibition (ZOI), MICs and MFCs 
were expressed as mean ± SEM. Mean comparisons of 
ZOI of different extracts, conventional drugs (posi-
tive controls) and DMSO (negative control) were per-
formed by one-way ANOVA followed by Tukey’s HSD 
post hoc multiple comparison test.

Results
Plant extracts yields
The percentage extracts yields of each of the five plant 
species significantly differed across each of the solvents 

used (p < 0.05), from highest to lowest extracts yields 
were; aq. extract at 87 °C, methanol extract, aq. extract 
at room temperature (24.4 °C), aq. extract at 60 °C and 
petroleum ether extract (Table 4).

Antifungal activity
Preliminary screening of antifungal susceptibility of selected 
Candida species to five potential antifungal plant species
All the organisms including; C. albicans, C. glabrata 
and C. tropicalis tested in this study demonstrated 
antifungal susceptibility to methanol extract of K. 
anthotheca, and aq. extract (24.4  °C) of M. rubro-
stipulata. However, none of the Candida species were 

Table 5  Antifungal susceptibility of C. albicans, C. glabrata and C. tropicalis to five potential antifungal plants

Key: Aqueous1 = cold water at 24.4 °C; Aqueous2 =  hot water at 60 °C; Aqueous3 =  hot water at 87 °C

Zone of candida growth inhibition (ZOI) −= no activity (ZOI: < 07 mm); +  = very low activity (ZOI: 07 < 10 mm); +  +  = low activity (ZOI: 10–13 mm); +  +  +  = moderate 
activity (ZOI: 14–19 mm ZOI); +  +  + +  = very active (ZOI: > 19 mm)

Plant species Extract 
categories

Candida albicans Candida glabrata and Candida tropicalis

Resistant to fluconazole Susceptible to fluconazole Susceptible to fluconazole

C. albicans 
ATCC 10231

C. albicans 
0796

C. albicans 
ATCC 90028

C. albicans 
0770a

C. glabrata 
ATCC 2950

C. glabrata 
VVc 004

C. tropicalis 
ATCC 750

C. tropicalis 
0210

1. M. foetida Aqueous1 − − − − − − − −

Aqueous2 − − − − − − − −

Aqueous3 − − − − − − − −

Petroleum 
ether

− − − − − − − −

Methanol − − − − − − − −

2. K. 
anthotheca

Aqueous1  +  +   +  +   +  +  +   +  +  − −  +  +  +  +   + 

Aqueous2 − − − − − − − −

Aqueous3 − − − − − − − −

Petroleum 
ether

− − − − − − − −

Methanol  +  +  +   +  +   +  +  +   +  +  +   +  +   +  +   +  +   +  + 
3. S. dawei Aqueous1 − − − − − − − −

Aqueous2 − − − − − − − −

Aqueous3 − − − − − − − −

Petroleum 
ether

− − − − − − − −

Methanol − − − − − − − −

4. D. dissectus Aqueous1 − − − − − − − −

Aqueous2  +  +   +  +   +  +   +  +  ˉ  +   +  +  +   + 

Aqueous3 − − − − − − − −

Petroleum 
ether

− − − − − − − −

Methanol − − − − − − − −

5. M. rubro-
stipulata

Aqueous1  +  +  +   +  +  +   +  +  +  +   +  +  +   +  +  +  +   +  +  +   +  +  +  +   +  +  +  + 
Aqueous2 − − − − − − − −

Aqueous3  +   +   +   +   +  +  +  −  +  +  +  −

Petroleum 
ether

− − − − − − − −

Methanol  +  +   +  +   +  +   +  +  − −  +  −
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susceptible to any of the extracts of M. foetida and S. 
dawei and to any of the petroleum extracts of all the 
five plant species (Table  5). Aqueous extract (24.4  °C) 
of M. rubrostipulata had the greatest extent of inhibi-
tion of candida growth to most of the tested Candida 
species, with high activity/growth inhibition (+ +  + +) 
recorded against C. albicans ATCC 90028, C. glabrata 
ATCC 2950, C. tropicalis ATCC 750 and C. tropicalis 
0210; and moderate activity (+ + +) against C. albicans 
ATCC 10231, C. albicans 0770a and C. albicans 0796. 
The methanol extract of K. anthotheca showed the 
second highest extent of inhibition of candida growth 
to most of the tested Candida species, with moderate 
activity/growth inhibition (+ + +) recorded against C. 
albicans ATCC 10231, C. albicans ATCC 90028 and C. 
albicans 0770a; and low activity (+ +) against C. albi-
cans 0796, C. glabrata ATCC 2950, C. tropicalis ATCC 
750 and C. tropicalis 0210 (Table 5).

Zones of inhibition (ZOI) of the antimicrobial agents 
against selected C. albicans, C. glabrata and C. tropicalis 
species
Susceptibility of Candida albicans species to single-
plant extracts, extracts combinations and conven-
tional drugs

All the susceptible C. albicans (ATCC 90028, 0770a) 
and resistant C. albicans (ATCC 10231, 0796) were sus-
ceptible to a total of 10 plant extracts including extracts 
combinations, and amphotericin B; of which aq. extract 
(24.4  °C) of M. rubrostipulata (ZOI: 18.00 ± 1.00 to 
20.56 ± 0.56) and amphotericin B drug (ZOI: 13.42 ± 0.54 
to 22.32 ± 0.32) demonstrated significant highest zones 
of inhibition, respectively, across C. albicans species. 
The other extracts and extract combinations with mod-
erate ZOIs in decreasing order include; combination of 
aq. extract (60  °C) of D. dissectus + methanol extract of 
K. anthotheca and  methanol extract of K. anthotheca, 
respectively, among other extracts as shown in Table  6. 
All the four C. albicans strains were not susceptible to 
both fluconazole analytical and pharmaceutical grades 
(Table 6), which justified the use of broth micro-dilution 
method (Table 7).

Susceptibility of non-Candida albicans to single-
plant extracts, extract combinations and conventional 
drugs
All the four non-C. albicans strains (C. glabrata ATCC 
2950, C. glabrata VVc 004, C. tropicalis ATCC 750 and 
C. tropicalis 0210) were susceptible to a total of 5 plant 
extracts including extract combinations and Ampho-
tericin B drug, of which the aq. extract (24.4  °C) of M. 

rubrostipulata (ZOI: 16.22 ± 0.55- 38.33 ± 0.17) demon-
strated significantly highest zones of inhibition. The other 
antimicrobial agents with moderate ZOIs in decreasing 
order included: Amphotericin B, methanol extract of K. 
anthotheca, combination of aq. extract (24.4  °C) of M. 
rubrostipulata + aq. extract (24.4  °C) of K. anthotheca, 
and aq. extract (60 °C) of D. dissectus + methanol extract 
of K. anthotheca, among others as shown in Table 6.

All the four C. glabrata ATCC 2950, C. glabrata VVc 
004, C. tropicalis ATCC 750 and C. tropicalis 0210 were 
not susceptible to fluconazole pharmaceutical grades. 
Among the tested non-C. albicans species, only C. tropi-
calis 0210 was susceptible to fluconazole analytical grade 
(Table 6), which justified the use of broth micro-dilution 
method (Table 7).

Susceptibility of both C. albicans and non-C. albicans 
species to plant extracts/combinations and conven-
tional drugs
All the C. albicans, C. glabrata and C. tropicalis spe-
cies were susceptible to 2 single-plant extracts, one 
extract combination and one conventional drug, of 
which M. rubrostipulata aq.(24.4  °C) (ZOI: 18.00 ± 1.00 
to 38.33 ± 0.17) demonstrated significantly the highest 
zones of inhibition. The other extracts, extract combi-
nations and conventional drug with moderate-to-low 
ZOIs in decreasing order include: Amphotericin B (ZOI: 
11.98 ± 0.11 to 22.32 ± 0.32), combination of aq. extract 
(60 °C) of D. dissectus + methanol extract of K. anthotheca 
(ZOI: 7.89 ± 0.26 to 19.67 ± 0.37), and methanol extract of 
K. anthotheca (ZOI: 10.11 ± 0.31 to 15.11 ± 0.65), respec-
tively (Table 6).

Minimum inhibitory concentrations (MICs) and minimum 
fungicidal concentrations (MFCs) of the antimicrobial agents 
against tested C. albicans and non‑C. albicans species

Antifungal activity of single-plant extracts, extracts 
combinations and conventional drugs against C. albi-
cans species (MICs/MFCs)
Fluconazole analytical grade was the most active among 
the conventional drugs used, since it was resistant to only 
C. albicans 0796. However, fluconazole pharmaceutical 
grade and amphotericin B showed resistance to at least 
two Candida albicans strains, with all being resisted by 
C. albicans 0796 (Table 7).

Ten plant extracts and extract combinations showed 
antifungal activity to all the susceptible and resist-
ant strains of C. albicans including C. albicans 0796 
which resisted all the conventional drugs. Out of the 
ten active plant extracts and extracts combinations, five 
demonstrated very high antifungal activities (very low 
MICs), in decreasing antifungal strengths they included: 
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Table 6  ZOI of single extracts, extract combinations, extract diluent (DMSO) and conventional drugs on selected Candida species

Antimicrobial 
agents

Candida 
species/
strains

Candida albicans Non-Candida albicans

Resistant to fluconazole Susceptible to fluconazole Susceptible to fluconazole

Extracts 
and their 
combinations

C. albicans 
ATCC 10231

C. albicans 
0796

C. albicans 
ATCC 90028

C. albicans 
0770a

C. glabrata 
ATCC 2950

C. glabrata 
VVc 004

C. tropicalis 
ATCC 750

C. tropicalis 
0210

M. rubrostipu-
lata (Mr)

Mr aqueous1 18.44 ± 1.20a 19.00 ± 2.54a 20.56 ± 0.56a 18.00 ± 1.00aj 20.78 ± 1.04a 16.22 ± 0.55a 38.33 ± 0.17a 19.22 ± 0.46a

Mr aqueous3 7.89 ± 0.20b 8.33 ± 0.37b 8.78 ± 1.12b 7.22 ± 0.15b 18.00 ± 0.58b 0.00 ± 0.00b 14.44 ± 0.58b 0.00 ± 0.00b

Mr Methanol 10.11 ± 0.42cb 11.44 ± 0.41cb 11.22 ± 0.49cb 11.11 ± 0.35c 0.00 ± 0.00c 0.00 ± 0.00cb 8.11 ± 0.31c 0.00 ± 0.00cb

Mr 
aqueous1 + Mr 
Methanol

0.00d 12.89 ± 0.99dc 14.22 ± 1.39di 0.00 ± 0.00d 0.00 ± 0.00dc 9.11 ± 0.48djl 22.44 ± 0.73d 10.56 ± 0.24dj

Mr 
aqueous1 + Mr 
aqueous3

12.78 ± 0.60cejk 0.00 ± 0.00e 0.00 ± 0.00e 0.00 ± 0.00d 0.00 ± 0.00ec 0.00 ± 0.00eb 22.00 ± 0.50ed 0.00 ± 0.00eb

Mr 
aqueous3 + Mr 
methanol

11.11 ± 1.31cf 9.56 ± 0.41fbkd 11.33 ± 0.75fbl 11.44 ± 0.38fc 0.00 ± 0.00fc 0.00 ± 0.00fb 13.44 ± 0.24fb 0.00 ± 0.00fb

Mr metha-
nol + Mr 
aqueous3 + Mr 
aqueous1

14.67 ± 0.93gj 10.22 ± 0.94gbc 0.00 ± 0.00ge 0.00 ± 0.00d 0.00 ± 0.00gc 0.00 ± 0.00gb 21.33 ± 0.37gdu 0.00 ± 0.00gb

Mr 
aqueous1 + Mr 
Methanol + Mr 
aqueous3

10.33 ± 1.01bch 12.11 ± 0.99hcf 15.67 ± 1.05hi 0.00 ± 0.00d 8.67 ± 0.44hj 9.11 ± 0.45hjl 18.78 ± 0.22hikp 0.00 ± 0.00hb

K. anthotheca 
(Ka)

Ka aqueous1 11.33 ± 0.65ci 13.78 ± 0.85ic 15.22 ± 0.22i 13.78 ± 0.46ic 0.00 ± 0.00ic 0.00 ± 0.00ib 19.22 ± 0.40i 8.33 ± 0.53i

Ka methanol 15.00 ± 1.05j 13.22 ± 0.62jc 15.00 ± 0.67ji 15.11 ± 0.65jai 10.33 ± 0.37j 10.11 ± 0.31j 12.56 ± 0.69jb 10.89 ± 0.11j

Ka 
aqueous1 + Ka 
Methanol

13.33 ± 1.09kijlfp 12.11 ± 0.61kc 17.33 ± 0.47ki 10.22 ± 0.92kbc 0.00 ± 0.00kc 0.00 ± 0.00 kb 17.11 ± 0.35kl 7.78 ± 0.28ki

D. dissectus (Dd) Dd aqueous2 11.33 ± 0.41 cl 10.89 ± 0.63lbc 11.44 ± 0.29lc 11.00 ± 0.24lc 0.00 ± 0.00lc 8.78 ± 0.36 l 15.22 ± 0.49 lb 7.67 ± 0.24li

M. rubrostipu-
lata (Mr) + K. 
anthotheca (Ka)

Mr 
aqueous1 + Ka 
methanol

13.89 ± 1.06mijl 23.44 ± 0.58 m 0.00 ± 0.00me 0.00 ± 0.00d 24.33 ± 1.13 m 19.33 ± 0.58 m 28.00 ± 0.69 m 0.00 ± 0.00mb

Ka 
aqueous1 + Mr 
aqueous1

0.00nd 19.33 ± 1.33na 19.56 ± 0.58nak 0.00 ± 0.00d 11.56 ± 0.44nj 10.22 ± 0.52nj 22.11 ± 0.84nd 10.44 ± 0.24nj

D. dissectus 
(Dd) + M. rubro-
stipulata (Mr)

Dd 
aqueous2 + Mr 
aqueous1

10.33 ± 0.17cobk 11.44 ± 0.67obc 0.00 ± 0.00oe 0.00 ± 0.00d 0.00 ± 0.00oc 0.00 ± 0.00ob 21.11 ± 0.45oid 0.00 ± 0.00ob

D. dissectus 
(Dd) + K. 
anthotheca (Ka)

Dd 
aqueous2 + Ka 
aqueous1

10.89 ± 1.69cp 15.33 ± 0.71pcq 13.00 ± 1.03pcif 11.56 ± 1.02pc 0.00 ± 0.00pc 0.00 ± 0.00pb 16.78 ± 0.70pl 0.00 ± 0.00pb

Dd 
aqueous2 + Ka 
methanol

19.22 ± 0.40a 16.00 ± 0.17uac 15.00 ± 0.47ui 14.89 ± 0.31ui 11.56 ± 1.21uj 7.89 ± 0.26ul 19.67 ± 0.37ui 12.56 ± 0.34u

D. dissectus 
(Dd) + K. 
anthotheca 
(Ka) + M. rubro-
stipulata (Mr)

Dd 
aqueous2 + Ka 
aqueous1 + Mr 
aqueous1

0.00qd 18.11 ± 1.74qa 0.00 ± 0.00qe 0.00 ± 0.00d 0.00 ± 0.00qc 0.00 ± 0.00qb 22.22 ± 0.78qd 8.11 ± 0.35qi

Dd 
aqueous2 + Ka 
methanol + Mr 
aqueous1

19.33 ± 0.37a 20.22 ± 0.68vam 12.89 ± 1.17vcif 0.00 ± 0.00d 20.56 ± 0.63va 9.56 ± 0.58vjl 23.89 ± 0.45vd 8.00 ± 0.50vi
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combination of aq. extract (87  °C) of M. rubrostipu-
lata + methanol extracts of M. rubrostipulata (MIC: 
0.39 ± 0.00 to 3.13 ± 0.00; MFC: ≥ 50); methanol extract 
of M. rubrostipulata (MIC: 0.78 ± 0.00 to 3.13 ± 1.56; 
MFC: 12.50±0.00-100.00±0.00); methanol extract of 
K. anthotheca (MIC: 1.56 ± 0.00 to 6.25 ± 0.00; MFC: 
12.50 ± 0.00 to 50.00 ± 0.00); aq. extract (24.4  °C) of M. 
rubrostipulata (MIC: 3.13 ± 0.00 to 6.25 ± 0.00; MFC: 
12.50 ± 0.00 to 50.00 ± 0.00); and combination of aq. 
extract (60  °C) of D. dissectus + methanol extracts of 
K. anthotheca (MIC: 0.78 ± 0.00 to 12.50 ± 0.00; MFC: 
12.500 ± 0.00 to 100.00 ± 0.00), respectively.

All the ten active plant extracts and extract combinations 
tested on the C. albicans strains, demonstrated fungi-
static effect to the microbial organism, of which, the low-
est MFCs were registered by aq. extract (24.4  °C) of M. 
rubrostipulata (MFC: 12.50 ± 0.00 to 50.00 ± 0.00) and 
methanol extract of K. anthotheca (MFC: 12.50 ± 0.00 
to 50.00 ± 0.00), and the highest MFC was shown by aq. 
extract (87 °C) of M. rubrostipulata (MFC: > 50 to > 200).

Antifungal activity of antimicrobial agents (single-
plant extracts, extracts combinations and conven-
tional drugs) against non-C. albicans species (MICs/
MFCs)
Fluconazole analytical grade demonstrated the great-
est antifungal activity to all the non-C. albicans spe-
cies, while fluconazole pharmaceutical grade and 

amphotericin B showed resistance to at least two non-C. 
albicans species (Table 7). Five plant extracts and extract 
combinations showed antifungal activity to all the sus-
ceptible and resistant strains of C. glabrata and C. tropi-
calis (Table  7). The highest antifungal activity (lowest 
MIC) was exhibited by methanol extract of K. anthotheca 
(MIC: 1.04 ± 0.26 to 12.50 ± 0.00; MIC: 25.000 ± 0.000 to 
100.00 ± 0.000), followed by aq. extract (24.4  °C) of M. 
rubrostipulata, combinations of aq. extract (24.4  °C) of 
M. rubrostipulata + aq. extract (24.4 °C) of K. anthotheca, 
and aq. extract (60 °C) of D. dissectus + methanol extract 
of K. anthotheca, respectively, among others (Table 7).

All the five plant extracts and extract combinations that 
showed antifungal activity to all the susceptible and 
resistant strains of non-C. albicans species demonstrated 
fungistatic effect to the microbial organism, of which, 
the lowest MFCs were registered by methanol extract of  
K. anthotheca (MFC: 25.000 ± 0.000 to 100.00 ± 0.00) 
across the test organisms (Table 7).

Antifungal activity of single-plant extracts, extracts 
combinations and conventional drugs across both C. 
albicans and non-C. albicans species
Three plant extracts and extract combinations exhibited 
antifungal activity across all the tested C. albicans, C. 
glabrata and C. tropicalis species, the most active with 
the lowest MIC was methanol extract of K. anthotheca 
(MIC: 1.04 ± 0.26 to 12.50 ± 0.00; MFC: 12.50 ± 0.00 

Key: Aqueous1 =  cold water at 24.4 °C; aqueous2 =  hot water at 60 °C; aqueous3 =  hot water at 87 °C; ZOI =  zone of inhibition (mean ± SEM (mm), n = 9); 
DMSO =  dimethyl sulfoxide; Amp B = Amphotericin B

Mean comparisons of different extracts and conventional drugs (controls) were performed by one-way ANOVA followed by Tukey’s HSD post hoc multiple comparison 
test

Mean values with different superscript letter codes in the same column signifies significant difference (p < 0.05), similar letter codes signify no significant difference 
(p > 0.05)

Table 6  (continued)

Antimicrobial 
agents

Candida 
species/
strains

Candida albicans Non-Candida albicans

Resistant to fluconazole Susceptible to fluconazole Susceptible to fluconazole

Extracts 
and their 
combinations

C. albicans 
ATCC 10231

C. albicans 
0796

C. albicans 
ATCC 90028

C. albicans 
0770a

C. glabrata 
ATCC 2950

C. glabrata 
VVc 004

C. tropicalis 
ATCC 750

C. tropicalis 
0210

Controls (Ctrls) 
(n = 57)

Fluconazole 
analytical grade
(+ ve ctrl)

0.00rd 0.00 ± 0.00re 0.00 ± 0.00re 0.00 ± 0.00d 0.00 ± 0.00rc 0.00 ± 0.00rb 0.00 ± 0.00r 32.37 ± 0.15r

Fluconazole 
pharmaceutical 
grade (+ ve ctrl)

0.00sd 0.00 ± 0.00se 0.00 ± 0.00se 0.00 ± 0.00d 0.00 ± 0.00sc 0.00 ± 0.00sb 0.00 ± 0.00sr 0.00 ± 0.00sb

Amp B (+ ve 
ctrl)

20.00 ± 0.11a 22.32 ± 0.32wm 21.16 ± 0.23wa 13.42 ± 0.54wci 19.11 ± 0.11wb 11.98 ± 0.11w 17.74 ± 0.21wikp 18.25 ± 0.12w

DMSO_80% 
(-ve ctrl)

0.00 ± 0.00td 0.00 ± 0.00te 0.00 ± 0.00te 0.00 ± 0.00d 0.00 ± 0.00tc 0.00 ± 0.00tb 0.00 ± 0.00tr 0.00 ± 0.00tb

ANOVA (F) 466.56 332.93 613.68 226.95 1203.35 1215.23 1403.56 4440.59

p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



Page 11 of 18Akwongo et al. Tropical Medicine and Health           (2024) 52:84 	

to 100.00 ± 0.000) followed by aq. extract (24.4  °C) of 
M. rubrostipulata (MIC: 3.13 ± 0.00 to 20.83 ± 4.17; 
MFC: 12.50 ± 0.00 to 200.00 ± 0.00) and least was aq. 
extract (60  °C) of D. dissectus + methanol extract of  
K. anthotheca methanol (MIC: 0.78 ± 0.00 to 50.00 ± 0.00), 
respectively (Table 7).

None of the conventional drugs used (fluconazole 
analytical grade, fluconazole pharmaceutical grade and 
amphotericin B) showed antifungal activity across all the 
tested C. albicans, C. glabrata and C. tropicalis species 
(Table 7).

Table 7  Antifungal activity (MIC/MFC) of single extracts, extracts combinations and conventional drugs against Candida species

Candida albicans Non Candida albicans

Resistant to fluconazole Susceptible to fluconazole Susceptible to fluconazole

Candida 

species/ 

strains

C. albicans 
ATCC 10231 

C. albicans 
0796

C. albicans 
ATCC 90028

C. albicans 
0770a

C. glabrata 
ATCC 2950

C. glabrata 
VVc 004

C. tropicalis 
ATCC 750

C. tropicalis 
0210

Antim

icrobi

al 

agents

Extracts 

and their 

combinati

ons

MIC MF

C 

MIC MF

C 

MIC MFC MIC MF

C 

MIC MFC MIC MF

C 

MIC MF

C 

MIC MFC 

Mr 

aqueous1 

3.13

±0.0

0

25.0

0±0.

00FS

4.17±1.

04

12.5

0±0.

00FS

6.25

±0.0

0

25.00

±0.00
FS

3.13

±0.0

0

50.0

0±0.

00FS

6.25

±0.0

0

100.0

0±0.0

0FS

20.8

3±4.

17

200.

00±

0.00
FS

3.13

±0.0

0

50.0

0±0.

00FS

10.4

2±2.

08

200.0

0±0.0

0FS

Mr 

aqueous3 

0.78

±0.0

0

˃ 

50FS

10.42±

2.08

>20

0FS

0.40

±0.0

0

˃ 50FS 12.5

0±0.

00

˃ 

50FS

ND ND ND ND 6.25

±0.0

0

100.

00±

0.00
FS

ND ND

Mr 

Methanol

3.13

±1.5

6

100.

00±

0.00
FS

1.56±0.

78

50.0

0±0.

00FS

0.78

±0.0

0

25.00

±0.00
FS

1.56

±0.0

0

12.5

0±0.

00FS

ND ND ND ND 12.5

0±0.

00

100.

00±

0.00
FS

ND ND

Mr 

aqueous1+ 

Mr 

Methanol

ND ND 5.21±1.

04

50.0

0±0.

00FS

12.5

0±0.

00

25.00

±0.00
FS

ND ND ND ND 25.0

0±0.

00

50.0

0±0.

00FS

6.25

±0.0

0

100.

00±

0.00

6.25

±0.0

0

100.0

0±0.0

0FS

Mr 

aqueous1+ 

Mr 

aqueous3 

1.04

±0.2

6

50.0

0±0.

00FS

ND ND ND ND ND ND ND ND ND ND 6.25

±0.0

0

50.0

0±0.

00FS

ND ND

Mr 

aqueous3+ 

Mr 

Methanol

3.13

±0.0

0

50.0

0±0.

00FS

2.23±0.

67

50.0

0±0.

00FS

0.39

±0.0

0

50.00

±0.00
FS

3.13

±0.0

0

˃50F

S

ND ND ND ND 1.04

±0.2

6

50.0

0±0.

00FS

ND ND

Mr 

Methanol

+ Mr 

aqueous3+ 

Mr 

aqueous1

3.13

±0.0

0

50.0

0±0.

00FS

3.13±0.

00

50.0

0±0.

00FS

ND ND ND ND ND ND ND ND 5.21

±1.0

4

50.0

0±0.

00FS

ND ND

M. 
rubro
stipul
ata 
(Mr)

Mr 

aqueous1+ 

Mr 

Methanol

+ Mr 

aqueous3

9.38

±3.1

3

50.0

0±0.

00FS

10.42±

2.08

50.0

0±0.

00FS

2.60

±0.5

2

50.00

±0.00
FS

ND ND 16.6

7±4.

17

50.00

±0.00
FS

25.0

0±0.

00

100.

00±

0.00
FS

12.5

0±0.

00

50.0

0±0.

00FS

ND ND

Ka 

aqueous1 

3.13

±0.0

0

100.

00±

0.00
FS

16.67±

4.17

100.

00±

0.00
FS

1.56

±0.0

0

˃ 50FS 6.25

±0.0

0

˃ 

50FS

ND ND ND ND 9.38

±3.1

3

100.

00±

0.00
FS

12.5

0±0.

00

200.0

0±0.0

0FS

Ka 

Methanol

6.25

±0.0

0

50.0

0±0.

00FS

2.34±0.

78

50.0

0±0.

00FS

1.56

±0.0

0

12.50

±0.00
FS

1.56

±0.0

0

25.0

0±0.

00FS

1.04

±0.2

6

50.00

±0.00
FS

12.5

0±0.

00

25.0

0±0.

00FS

6.25

±0.0

0

100.

00±

0.00
FS

3.13

±0.0

0

25.00

±0.00
FS

K.ant
hothe
ca 
(Ka)

Ka 

aqueous1+ 

Ka 

Methanol

4.17

±1.0

4

100.

00±

0.00
FS

8.33±2.

08

100.

00±

0.00
FS

6.25

±0.0

0

25.00

±0.00
FS

12.5

0±0.

00

50.0

0±0.

00FS

ND ND ND ND 5.21

±1.0

4

100.

00±

0.

5.21

±1.0

4

200.0

0

±0.00
FS

D. 
dissec
tus 
(Dd)

Dd 

aqueous2

6.25

±0.0

0

100.

00±

0.00
FS

12.50±

0.00

>50F

S

3.13

±0.0

0

50.00

±0.00
FS

3.13

±0.0

0

50.0

0±0.

00FS

ND ND 100.

00±

0.00

200.

00±

0.00
FS

6.25

±0.0

0

50.0

0±0.

00FS

50.0

0±0.

00

200.0

0±0.0

0FS

00FS

FS
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Discussion
Plant extracts yields in different solvents and screening 
of their antifungal activity
Antifungal potentials and plant extract yields signifi-
cantly varied in the five solvents (petroleum ether, meth-
anol, aqueous (aq.) at 24.4  °C, aq. at 60  °C and aq. at 
87 °C), with aq. solvent (87 °C) demonstrating the great-
est extraction yields.

The variations in each of the plant extract yields 
across the five solvents with diverse antifungal poten-
tials, can be used in selection of proper extraction 
solvents based on the type, polarity and bioactivity of 
the phytochemicals in the different plant extracts [41]. 
Although the methanol extracts of K. anthotheca and 
aq. extracts (24.4  °C) of M. rubrostipulata resulted in 
moderate yields of polar bioactive molecules, they 

Table 7  (continued)

Mr 

aqueous1+ 

Ka 

Methanol

4.17

±1.0

4

25.0

0±0.

00FS

3.13±0.

00

25.0

0±0.

00FS

ND ND ND ND 5.21

±1.0

4

50.00

±0.00
FS

33.3

3±8.

33

100.

00±

0.00
FS

12.5

0±0.

00

12.5

0±0.

00FC

ND NDM.rub
rostip
ulata 

(Mr)+

K.ant
hothe
ca 

(Ka)

Ka 

aqueous1+ 

Mr 

aqueous1

ND ND 16.67±

4.17

25.0

0±0.

00FS

3.13

±0.0

0

50.00

±0.00
FS

ND ND 4.17

±1.0

4

100.0

0±0.0

0FS

20.8

3±4.

17

100.

00±

0.00
FS

8.33

±2.0

8

100.

00±

0.00
FS

10.4

2±2.

08

25.00

±0.00
FS

D. 
dissec
tus 
(Dd)+

M.rub
rostip
ulata 
(Mr)

Dd 

aqueous2+

Mr 

aqueous1

6.25

±3.1

3

100.

00±

0.00
FS

16.67±

4.17

50.0

0±0.

00FS

ND ND ND ND ND ND ND ND 10.4

2±2.

08

50.0

0±0.

00FS

ND ND

Dd 

aqueous2+ 

Ka 

aqueous1

6.25

±0.0

0

˃50F

S

25.00±

0.00

100.

00±

0.00
FS

12.5

0±0.

00

50.00

±0.00
FS

12.5

0±0.

00

˃50F

S

ND ND ND ND 3.13

±0.0

0

100.

00±

0.00
FS

ND NDD. 

dissec

tus 

(Dd)+

K.ant
hothe
ca 
(Ka)

Dd 

aqueous2+

Ka 

Methanol

3.13

±0.0

0

50.0

0±0.

00FS

12.50±

0.00

100.

00±

0.00
FS

0.78

±0.0

0

12.50

0±0.0

0FS

6.25

±0.0

0

25.0

0±0.

00FS

10.4

2±2.

08

200.0

0±0.0

0FS

50.0

0±0.

00

100.

00±

0.00
FS

1.56

±0.0

0

25.0

0±0.

00FS

3.13

±0.0

0

50.00

±0.00
FS

Dd 

aqueous2+

Ka 

aqueous1+

Mr 

aqueous1

ND ND 12.50±

0.00

50.0

0±

0.00
FS

ND ND ND ND ND ND ND ND 6.25

±0.0

0

50.0

0±0.

00FS

12.5

0±0.

00

100.0

0±0.0

0FS

D. 
dissec
tus 
(Dd) 
+ 

K.ant
hothe
ca 
(Ka) 
+ 

M.rub
rostip
ulata 
(Mr)

Dd 

aqueous2+

Ka 

Methanol

+Mr 

aqueous1

6.25

±0.0

0

25.0

0±0.

00FS

12.50±

0.00

12.5

0±

0.00
FC

ND ND ND ND 50.0

0±0.

00

200.0

0±0.0

0FS

50.0

0±0.

00

200.

00±

0.00
FS

6.25

±0.0

0

25.0

0±0.

00FS

6.25

±0.0

0

25.00

±0.00
FS

Fluconazo

le 

Analytical 

grade      

(+ve ctrl)

0.00

3±0.

0.001I

0.00

4±0.

000F

S

0.0160

±0.008

0R

0.03

20±

0.00

00FS

0.00

16±

0.00

25S

>0.03

2FS

0.00

14±

0.00

0.0006S

>0.0

64FS

0.00

20±

0.00

10SD

D

0.004

±0.00

0FS

0.03

2±0.

000S

DD

0.06

4±0.

000F

S

0.00

27±

0.00

07I

0.00

3±0.

001F

S

0.00

200

±0.0

0000
S

>0.03

2FS

Fluconazo

le 

Pharmace

utical 

grade    

(+ve ctrl)

0.02

1±0.

005R

0.03

2±0.

000F

S

0.0267

±0.005

3R

>0.0

32FS

0.00

3±0.

003I

>0.03

2 FS

0.01

08±

0.00

53R

0.00

2±0.

000

0.01

33±

0.00

27SD

D

>0.03

2FS

0.02

7±0.

005S

DD

>0.0

32FS

0.03

20±

0.00

00R

>0.0

32FS

0.01

333

±0.0

0933
R

>0.03

2FS

Contr

ols 

(Ctrls)

Amphoter

icin B 

(+ve ctrl)

˂0.0

0025
S

˂0.0

0025
FC

0.0014

±0.000

6R

0.00

28±

0.00

00FS

0.00

13±

0.00

03R

0.032

±0.00

0FS

0.00

08±

0.0006 s

0.00

4±0.

000F

S

0.00

12±

0.00

04R

0.011

±0.00

5FS

0.01

6±0.

000R

0.01

6±0.

000F

C

0.00

10±

0.00

05S

0.00

8±0.

000F

S

0.00

025

±0.0

0000
S

0.016

±0.00

0FS

Key: Aqueous1 =  cold water at 24.4 °C; aqueous2 =  hot water at 60 °C; aqueous3 =  hot water at 87 °C; S-susceptible; SSD-susceptible dose dependent; R-resistant; 
ND =  not determined (extracts and extracts combinations that did not show antifungal activity at preliminary screening stage/agar well diffusion)

Values of MIC and MFC were expressed as mean ± SEM (mg/ml), n = 3)

Susceptibility of Candida  species to antifungal drugs (controls) were interpreted as: S-susceptible, I-intermediate, SSD-susceptible dose dependent, R-resistant. 
Efficacy of MFC were interpreted as: MIC < MFC—fungistatic (FS); MIC = MFC—fungicidal (FC)
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exhibited significant antifungal activities across both 
resistant and susceptible strains of tested C. albicans, 
C. glabrata and C. tropicalis species. This showed that 
methanol and aq. extracts at 24.4  °C are suitable sol-
vents for recovery of antifungal constituents from K. 
anthotheca and M. rubrostipulata, respectively. The 
best solvent for extraction of D. dissectus was aq. (60 °C) 
since it was the only extract of D. dissectus that showed 
antifungal activity. Petroleum ether was not suitable 
solvent for extraction of any of the tested plants since 
all its extracts were inactive to all the tested Candida 
species. These findings are similar to that of Suurbaar 
et al. [42] in which methanol and aq. extracts of Ricinus 
communis exhibited higher anti-candida activity than 
petroleum ether extracts.

Important to note was that, although the aq. solvent 
(87  °C) had the greatest extraction yields, they demon-
strated lower antifungal potentials than the aq. extracts 
(24.4 °C). The low activity could be explained by volatili-
zation of some of the active antifungal compounds due 
to high temperatures. A study by Moomin et  al. [43] 
found out that, other than the polarity of the extraction 
solvent, the yields and composition of bioactive constitu-
ents in the plant extracts are also reliant on temperature. 
In their study, cold water extract contained more bioac-
tive metabolites like flavonoids, than hot water extracts. 
This was associated with metabolism or loss of thermo-
unstable phytocompounds responsible for antimicrobial 
activity. However all extracts of M. foetida and S. dawei 
failed to exhibit any anti-candida activity across all tested 
strains of C. albicans, C. glabrata and C. tropicalis spe-
cies at the screening phase, despite being the most pre-
ferred plants by the community of Pader district for 
treatment of candidiasis by the local communities and 
herbalists [13]. This could possibly suggest that the plant 
species are either not efficacious or that acute OPC and 
VVC could be associated with other microbial conditions 
that need to be scientifically verified. This is because a 
study by Bedore and Geinoro [44] in Ethiopia, reported 
that the crude methanol roots extracts of M. foetida 
exhibited good antibacterial activity against Streptococ-
cus agalactiae. There is thus, likelihood that acute OPC/
VVC is associated with other conditions like bacte-
rial infections that are treated by M. foetida. M. foetida 
is widely used to treat opportunistic infections among 
people living with HIV/AIDS in Uganda especially fever, 
cough and diarrhoea [45]. Bukenya-Ziraba and Kamoga 
[46] reported the rhizome formulations of S. dawei to be 
used for treatment of diarrhoea in poultry in Jinja, East-
ern Uganda. An ethnobotanical survey by Akwongo et al. 
[13] in Pader district, Northern Uganda reported diar-
rhoea in humans as one of the signs of acute OPC, thus 

indicating that S. dawei might also treat other conditions 
associated with OPC/VVC.

Antifungal activity of antimicrobial agents (single‑plant 
extracts, extracts combinations and conventional drugs) 
to Candida species
Susceptibility of C. albicans and non‑C. albicans 
to antimicrobial agents
The fluconazole drugs were fungistatic to all the micro-
bial agents, with fluconazole analytical grade being the 
most active antifungal conventional drug. Likewise, sin-
gle extracts of K. anthotheca methanol and M. rubro-
stipulata (aq. at 24.4  °C), and extracts combination of 
D. dissectus (aq. at 60  °C) + K. anthotheca methanol 
exhibited broad-spectrum antifungal activities against 
both susceptible and resistant strains of C. albicans, C. 
glabrata and C. tropicalis species, with the best antifun-
gal activity being demonstrated by methanol stem bark 
extract of K. anthotheca.

Although fluconazole analytical grade did not show 
any ZOI against all tested C. albicans, C. glabrata and 
C. tropicalis species, its MIC demonstrated the greatest 
antifungal activity compared to fluconazole pharmaceuti-
cal grade and amphotericin B. The wide use of azoles like 
fluconazole as a first-line drug for many fungal infections 
can be attributed to their antifungal efficacy [47]. Accord-
ing to Bhattacharya et  al. [48], fluconazole like most 
clinically available antifungals, inhibits fungal growth 
by targeting one of the essential enzymes of fungus [14 
α-demethylase (Erg11p)] used in ergosterol biosynthe-
sis. Ergosterol is responsible for regulation of membrane 
permeability and fluidity of the fungal cells. Fluconazole 
binds with the enzyme 14 α-demethylase (Erg11p) and 
inhibits its ergosterol pathways, thus, leading to produc-
tion of toxic sterol (14α methylergosta 8-24 (28) dienol) 
that can inhibit fungal growth.

However, the fungistatic nature of fluconazole to Can-
dida species, means that, the treatment of candida infec-
tions can easily lead to acquired resistance in the case of 
drug overuse [49]. In this study, fluconazole analytical 
grade showed zero zone of inhibition against C. albicans, 
C. glabrata and C. tropicalis indicating some level of 
resistance to fluconazole. This was demonstrated by anti-
fungal inactivity of fluconazole to clinical resistant iso-
lates of Candida albicans 0796. This is in agreement with 
a study conducted by Dhasarathan et  al. [50] in which 
only 5.88% of tested Candida species were susceptible to 
fluconazole, and all clinical isolates of C. albicans resisted 
fluconazole drugs. The clinical isolates of C. albicans are 
highly resistant to fluconazole including pharmaceuti-
cal grades due to their evolutionary adaptation during 
the struggle to survive azole treatments, which has led to 
widespread antifungal drug resistance [50]. Bhattacharya 
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et al. [48] noted many cases of point mutations in fungal 
ERG11 enzymes isolated from resistant clinical isolates, 
the mutations lower the fluconazole binding in the active 
sites of the ERG11p enzymes. Silva-Beltran et  al. [51] 
noted increased fungal tolerance to the mechanisms of 
actions of traditional conventional antifungal drugs.

Similarly in this study; non-Candida albicans tested 
viz, C. glabrata and C. tropicalis showed some level of 
antifungal resistance to fluconazole analytical grade, by 
demonstrating susceptible dose dependence to both con-
trol and clinical strains of C. glabrata ATCC 2950 and C. 
glabrata VVc 004 isolates, respectively; and intermediate 
dose to C. tropicalis ATCC 750. Resistance of antifungal 
drugs to non-C. albicans species has been reported by 
many studies. For instance, a study conducted by Uno 
et al. [52] among immunosuppressed patients in Nigeria, 
found out that C. glabrata  showed multidrug resistance 
to wide range of antifungals tested including fluconazole 
and amphotericin B. Likewise, Silva et  al. [53] detected 
point mutations in  ERG11  gene that was responsible 
for drug resistance in the clinical C. glabrata  isolates 
(C108G, C423T and A1581G). This worrying trend of 
resistance of non-C. albicans to available antifungal 
drugs has also been noted by Valand and Girija [54], thus, 
the urgency to discover new broad spectrum antifungal 
treatment options to curb emerging cases of antifungal 
drug resistance. However, amphotericin B significantly 
exhibiting wide ZOI to all C. albicans than fluconazole, 
could be due to fungicidal nature of amphotericin B, 
which binds to ergosterol in the pathogenic fungal cell 
membrane and form pores that causes monovalent ions 
like Cl−, H+, K+ and Na+ to rapidly leak out of the cells 
leading to cell death [48]. Despite the susceptibility of all 
C. albicans species to amphotericin B shown by the ZOI, 
its MIC showing resistance to a half of the Candida spe-
cies tested shows that it is not the anti-candida drug of 
choice. This confirms argument of Bhattacharya et  al. 
[48], that amphotericin B is not often required for treat-
ment of invasive candidiasis. This finding has shown that, 
antifungal activity of antifungal agents can best be deter-
mined by use of MICs than ZOI. This is because various 
factors like  composition of the medium, duration and 
temperature of the diffusion phase before incubation, 
among others, influences the zone of inhibition [55].

The combination of aq. extract (87 °C) of M. rubrostip-
ulata + methanol extract of M. rubrostipulata, and single 
methanol extract of M. rubrostipulata demonstrating the 
highest antifungal activities against all the tested candida 
albicans species, with moderate ZOI also shows that the 
antifungal potential of these plants are best determined 
using MICs than agar well diffusion, due to inability of 
aq. agar matrix to permit diffusion of some antimicrobial 
compounds due to difference in polarities [55]. The high 

antifungal activity of these extracts against all tested C. 
albicans could be due to presence of antifungal bioactive 
compounds that justifies their traditional use. Stange-
land et al. [56] screened the phytochemicals in water and 
methanol extracts of M. rubrostipulata and found that it 
contained alkaloids, flavonoids, saponins and also terpe-
noids [57], which were responsible for its various anti-
microbial activity. For instance, Ahmad et  al. [58] and 
Huang et  al. [59] indicated that terpenoids antifungal 
activity against C. albicans is through inhibition of mem-
brane protein H+-ATPase in the fungal cell membrane 
responsible for maintaining electrochemical proton gra-
dient across the fungal cell membrane, for the intracel-
lular pH regulation and nutrients uptake for cell growth; 
thus its inhibition leads to intracellular acidification and 
death of the fungal cells.

The methanol stem bark extract of K. anthotheca exhib-
ited the best broad spectrum antifungal activities against 
both susceptible and resistant C. albicans, C. glabrata 
and C. tropicalis species more than all the conventional 
drugs used. This could be attributed to presence of more 
bioactive compounds of intermediate polarity with broad 
spectrum anti-candida activity, which justified methanol 
as a better extraction solvent. A systematic review on 
Khaya species by Olatunji et al. [60] showed that, unique 
to genus Khaya (Meliaceae) including K.  anthotheca 
is that they contains limonoids as one of the secondary 
metabolites with great antimicrobial significance. There-
fore, the broad spectrum antifungal activity of methanol 
extract of K. anthotheca could also be attributed to differ-
ent types of bioactive limonoids it contains. Olatunji et al. 
[60] stated that limonoids (highly specialized oxygenated 
triterpenoids) offer great antimicrobial activities of these 
plants to promote good health. Limonoids destroys the 
fungal cell wall and cell membrane leading to exudation 
of intracellular substances that affect the growth and 
metabolism of the pathogenic organism [61]. Limonoids 
also exert their antimicrobial effect by inhibition of bio-
film formation as well as cell-to-cell signalling mecha-
nism [62]. Thus, the methanol extract of K. anthotheca 
contains lead antifungal limonoids that could be isolated 
for new antifungal drug development.

Combinations of aq. extract (60  °C) of D. dissec-
tus + methanol extract of K. anthotheca exhibited third 
best broad-spectrum antifungal activities against both 
susceptible and resistant C. albicans, C. glabrata and C. 
tropicalis species tested. This could be linked to the cura-
tive antifungal phytochemical constituents that these 
extracts contain. In addition to the phytochemicals of K. 
anthotheca discussed above, D. dissectus contains mainly 
resin glycosides in addition to tropane, alkaloids, phe-
nolic compounds, coumarins, sesquiterpenoid and fla-
vonoids including isoflavones [63]. Glycosides exert their 
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antifungal activity through forming complex with sterols 
in the fungal cell membranes. This results in pore forma-
tions in the membrane leading to its ruptures and loss 
in membrane integrity, consequently fungal cell death 
[64]. Most of these phytochemicals with antifungal activ-
ity were isolated from the roots of plants belonging to 
genus Merremia (now called Distimake), and are known 
to be therapeutically relevant including antifungal prop-
erties [63] that justifies their traditional use. This makes 
D. dissectus a good candidate plant for more antifungal 
drug development if more researches are done on it. 
According to Silva-Beltran et al. [51], the antifungal effi-
cacy of medicinal plants are due to ability of the phyto-
chemicals to damage the fungal cell membrane and cell 
wall by interfering with fungal ATP synthesis, calcium 
and potassium ions flow, respectively. From this study, 
medicinal plants K. anthotheca, M. rubrostipulata and 
D. dissectus are therefore promising plant candidates 
for new antifungal drugs since their extracts generally 
contain various bioactive compounds like limonoids, 
terpenoids, alkaloid, glycosides, carbohydrates, sesquit-
erpenoid and polyphenols which are selective inhibitors 
of fungal cell wall glucan biosynthesis and cell mem-
brane ergosterol. This finding is supported by Jin [65] 
who stated that, antifungals that targets destruction of 
the fungal cell wall and ergosterol in the cell membrane 
are promising candidate for new antifungal drugs devel-
opment. This is because the targeted vital components 
of fungal cell wall (glucans, chitin and glycoproteins) are 
absent in the humans. Also, humans have cholesterol in 
the place of ergosterol in fungal cell membranes, a vital 
structural component responsible for fluidity.

Although C. albicans accounts for 80 to 90% of fun-
gal infections [66], non-C. albicans species have also 
become a big problem due to their reduced susceptibil-
ity to available antifungal drugs, and have become pre-
dominant fungal pathogens of many clinical types of 
candidiasis [67]. Also Turner and Butler [68] reported 
that, although C. albicans is the leading cause of fungal 
infections, together with other four non-C. albicans spe-
cies (C. glabrata, C. tropicalis, C. parapsilosis,  and  C. 
krusei) they account for about 90% of overall fungal infec-
tions. Thus, antimicrobial agents with antifungal potency 
against all Candida albicans and non-C. albicans spe-
cies would be the best antifungal option. From this study 
therefore, methanol extracts of K. anthotheca, aq. extract 
(24.4  °C) of M. rubrostipulata and combination of aq. 
extract (60  °C) of D. dissectus + methanol extract of K. 
anthotheca posed the best antifungal activity since they 
acted on both clinical and resistant strains of all Candida 
species used in this study.

Fungicidal/fungistatic effect of antimicrobial agents 
on Candida species
All plant extracts that demonstrated great antifungal 
activity across all C. albicans (combination of aq. extract 
(87  °C) of M. rubrostipulata + methanol extract of M. 
rubrostipulata, and methanol extract of M. rubrostipu-
lata), across both C. glabrata and C. tropicalis species 
(combination of aq. extract (24.4  °C) of M. rubrostipu-
lata + aq. extract (24.4  °C) of K. anthotheca), and across 
all C. albicans, C. glabrata and C. tropicalis species 
(methanol extract of K. anthotheca, aqueous extract 
(24.4  °C) of M. rubrostipulata, and combination of aq. 
extract (60  °C) of D. dissectus + methanol extract of K. 
anthotheca) were all fungistatic to the tested Candida 
species. This could be due to their ability to inhibit fun-
gal growth. Hawser and Islam [69] stated that, the less 
fungicidal agents like azoles, exert their antifungal activ-
ity through inhibition of budding process of pathogenic 
fungi. Kumar et  al. [70] found out that, although fungi-
cidal agents used for treatment of invasive candidiasis 
result in probability of early cure and decreased prob-
ability of fungal infection recurrence, improvement in 
patients’ survival still remains a big challenge. Also a 
study by Vendetti et al. [71] on paediatric candidaemia in 
USA, found no significant difference in patients’ mortal-
ity between those treated with fungistatic and fungicidal 
drugs. They then concluded that, both fungicidal and 
fungistatic agents can be used as definitive therapy for 
treatment of candidiasis. Since both fungicidal (ampho-
tericin B) and fungistatic (fluconazole) conventional 
drugs used in this study were not effective against some 
resistant strains of Candida species, it means that the 
fungistatic plant remedies that showed high antifungal 
effectiveness against all Candida species in this study 
could provide better treatment option for candidiasis.

The emerging cases of antimicrobial resistance calls for 
urgent need to find alternative drugs to treat both sus-
ceptible and resistant C. albicans and non-C. albicans 
species.

Limitations of the study
Slight variability in the thickness of the agar layer and 
diffusion rate of the antifungal agents has effects on the 
diameters of ZOI. This could have led to inconsistency in 
the correlation between ZOIs and MICs.

Conclusion
Multidrug resistant candida strains such as C. albicans 
0796, is a big threat to treatment of fungal infections, 
since it showed resistance to fluconazole (analytical and 
pharmaceutical grades) and amphotericin B. Thus, for 
the tested Candida species, aq. extract (24.4  °C) of M. 
rubrostipulata, methanol extract of Khaya anthotheca, 
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and combination of aq. extract (60  °C) of D. dissec-
tus + methanol extract of K. anthotheca proved more 
effective in the treatment of candidiasis, they demon-
strated broad spectrum antifungal activities against 
8 strains of resistant and susceptible C. albicans, C. 
glabrata and C. tropicalis species than fluconazole 
and amphotericin B drugs. All the broad-spectrum 
antifungal plant extracts exhibited fungistatic effect to 
the tested Candida species, demonstrating their abil-
ity to inhibit fungal growth. Hence, these extracts can 
offer better treatment option for candidiasis if they are 
standardized and also their active curative compounds 
isolated and made into antifungal drugs.
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