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Abstract

The persistent rise of multidrug-resistant strains of Mycobacterium tuberculosis necessitates a
continued search for new potent drugs. Plants are a great source of therapeutic agents; the challenge
is finding these therapeutic plants. Wild Baboons are self-sufficient animals that can find edible and
non-nutritive plants for therapeutic purposes. Therefore, the excreta from the wild baboons will likely
contain therapeutic agents. This study investigates the presence of antimycobacterial agents in wild
baboon feces. Faecal samples were collected randomly from the forest, and ethanol and hydro-
distillation extracts were prepared. The qualitative screening was performed using reagent tests.
Quantitative analysis was conducted using GC-MS. Antimycobacterial testing was conducted using
Mycobacterium smegmatis as a surrogate for Mycobacterium tuberculosis, and Microplate Alamar Blue
Assay screening technique was employed. The qualitative screening showed the presence of Tannins,
alkaloids, glycosides, phenolics, terpenoids, flavonoids, and steroids. Essential oils obtained from
hydro-distillation were analyzed with GC-MS, and 26 compounds were quantified, including a-
pinene, limonene, eucalyptol, and 2-Pentylfuran. Essential Oils showed activity at 0,5 mg/ml and
ethanol extract at 2 mg/mL when tested against M. smegmatis. This study demonstrates that wild
baboon feces contain biologically active plant secondary metabolites. Also, the findings of this study
could be used to develop new effective anti-Mycobacterium tuberculosis agents to improve the lives
of humankind.

Keywords: new source of bio-active compounds; wild baboon feces; anti-mycobacterium agents

1. Introduction

Tuberculosis (TB) is a significant problem in many developing countries, including South Africa.
The World Health Organization (WHO) estimates that in 2022, there were 1.13 million deaths caused
by TB worldwide, a slight decrease from TB deaths in 2022-2021, but this number is almost double
the number of deaths caused by HIV/AIDS [1]. The number of individuals who contracted the disease
worldwide increased in 2022 to 10.6 million from 10.3 million, indicating an upward trend for the
disease. South Africa is classified as one of the highest TB burden countries despite having achieved
at least a 50% reduction in TB incidences between 2015 and 2022 [1]. This highlights the need to
aggressively search for new potent anti-TB drugs to achieve the 2035 End TB strategy.
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Wild animals like baboons and chimpanzees consume various plants in the forest for
nourishment and, at times, medicinal purposes [2]. A recent study observed that wild chimpanzees
consumed nutrient-poor plants or plant parts such as dead wood; this observation was followed by
a collection of samples from plants that chimpanzees consumed with no nutritional value. These
plants were tested for antibacterial activity, and the results of this study showed that some of the
plants had strong antibacterial activity against Staphylococcus aureus [2]. These results indicate both
the high level of intelligence and self-reliance of these animals.

It is widely documented that some plants worldwide have antimycobacterial activity with
specific secondary metabolite groups associated with these antimycobacterial activities, and some
medicinal plants showed activity against the extensively drug-resistant (XDR-TB) strains of
Moycobacterium tuberculosis [3-6]. In the Eastern Cape, locals also utilize various plants for medicinal
purposes, with scientific research confirming that some of these plants possess antimycobacterial
properties [7]. However, identifying these plants for antimicrobial testing relies heavily on traditional
knowledge handed down orally through generations. This method of transmission has sometimes
resulted in the loss of knowledge about certain medicinal plants, particularly when the individual
possessing this knowledge passed away before passing it on.

This study aims to analyse the phytochemical composition of wild baboon faecal matter and
assess its antimycobacterial properties. Given that wild baboons, like their relatives, the chimpanzees,
are likely to consume medicinal plants, identifying biologically active phytochemicals or even
discovering novel compounds unknown to man in their faecal matter is possible.

Pharmacokinetics has demonstrated that a considerable portion of orally administered drugs is
not absorbed into the bloodstream but excreted in the faecal matter [8]. The inability of the gut to
absorb all the orally administered drug concentration is due to various factors, such as efflux pumps
on the intestinal membrane and the thick mucus layer, which form a restrictive barrier that drugs
must first overcome to reach blood circulation [9,10]. Therefore, these factors increase our chances of
discovering bioactive phytochemicals in the wild baboon faecal matter.

2. Results

2.1. Qualitative Phytochemical Screening

In this study, qualitative phytochemical screening was performed on the ethanol extract of the
wild baboon faecal matter. Plant secondary metabolites, which belong to the following groups:
tannins, alkaloids, glycosides, terpenoids and flavonoids, were detected in the ethanol extract, as
displayed in Table 1.

Table 1. Qualitative phytochemical screening of ethanol extract.

Phytochemical Compounds Ethanol Extract
Tannins +
Alkaloids +
Glycosides +
Terpenoids ++
Flavonoids H

(-) shows not present, (+) shows present, (++) shows highly present.

2.2. Gas Chromatography-Mass Spectrophotometer Analysis of Phytochemicals

GC-MS analysis was performed on the Hydro-distillation extract of wild baboon faecal matter
to identify the different types of plant secondary metabolites present. GC-MS chromatogram of the
extract is shown in Figure 1.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. GC-MS chromatogram of Hydro-distillation extract of wild baboon faecal matter.

A total of 26 compounds were identified in the hydrodistillation extract of wild baboon fecal
matter, as presented in Table 2. The major constituents of the volatile oil were thialdine (21.029%), a-
pinene (18.324%), 2-pentylfuran (10.446%), n-heptadecan-1-ol (9.178%), and hexyl chloroformate

(7.114%).
Table 2. GC-MS analysis of Hydro-distillation extract from wild baboon faecal matter.
Area . .
Compound name %) RT Formular KI(lit) KI (lit) Ref
o
Hexyl Chloroformate  7.114  5.248 C7H13CIO2 1055 [11]
2-heptanone 1.665  5.798 C7H140 882 [12]
Heptanal 0.663 6,162 C7h140 899 [12]
Apha-pinene 18.324  7.218 C10H16 937 [13]
1-Octen-3-ol 0.751 8.782 C8H160 977 [12]
5-hepten-2-one, 6-
epren-cone 0446 8953  C8HI40 987 [13]
methyl-
2-Pentylfuran 10.446  9.179 C9H140 1001
p-Cymene 0.935 10.535 C10H14 1026 [13]
Limonene 1.109  10.740 C10H16 1030 [13]
Eucalyptol 3.445 10.850 CI10H160 1033 [13]
Gamma-Terpinene 0.824 11.941 C10H16 1060 [13]
Borneol 1.618 16.875  C10H180 1165 [12]
L- Apha-Terpineol 1.574 17.928 C10H180 1187 [12]
Thialdine 21.029 18306 C6HI3NS2 -
2,4-Decadienal 0.862 23.366  C10H160 1291 [12]
2A-dimethyl-2-propyl- ) o) 25304 Com19NS2 1423 [13]

1,3,5-dithiazinone
5-hydroxy-2,2,6,6-
tetramethyl-4- 1.126  28.994 C13H1804 - -

proionylcyclohexa-ene-

13-Methyltetradecanal ~ 0.729  39.170  C15H300 - -
n-heptadecanol-1 9.178 41440  C17H360 C15H300 -

octadecanal 1.565 42.738 C18H360 2021 [13]
2-pentadecanone, 1.104 43.570
1-hexadecanol 4426 44879  C16H340 1882 [12]
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5,9,13 pentadecatrien-2-

one,6,10,14 trimethyl-(E, 1.127  45.792 C18H300 1843 [12]

E)
Z-10-Pentadecen-1-ol ~ 0.483  46.694 C15H300 1778 [13]
Phytol 0.536  52.042 C20H400 1950 [12]

Total identified compounds: 87.62%

* Table Notes RT: Retention time.KI (lit): Literature Kovats retention index. Identification was based on

comparison of mass spectra with NIST library data and retention indices with literature values.

2.3. Antimycobacterial Assay

The antimycobacterial activity of the wild baboon faecal extracts was assessed using the
resazurin microtiter assay against Mycobacterium smegmatis. The hydrodistillation extract (essential
oil) exhibited a minimum inhibitory concentration (MIC) of 0.5 mg/mL, whereas the ethanol extract
showed a higher MIC value of 2 mg/mL. Rifampicin, used as the positive control, confirmed assay
validity, while DMSO showed no inhibitory effect. The microplate results following resazurin
addition are presented in Figure 2.

Untreated| Media

conc (%) conc (pg/ml) conc (mg/ml)

DMSO
>

1,25 10
0,63
0,32
0,16 ‘ ,' ‘1.25
0,08 '
0,04
0,02
0,01

0,005 )k ) 0,04

Figure 2. MICs of wild baboon faecal extracts, ethanol (EtOH) and essential oils (E.O) against M. smegmatis. The
experiments were performed in duplicates.

3. Discussion

Our study aimed to evaluate the presence of phytochemicals in the wild baboon faecal matter
and their antimycobacterial activity. The first component of the study, phytochemical analysis, was
performed with quantitative analysis and GC-MS. Quantitative analysis revealed the presence of
tannins, alkaloids, glycosides, terpenoids and flavonoids in the wild baboon faecal matter. These
results confirm our hypothesis that the gut does not absorb all ingested food or orally administered
drugs due to the factors we listed above, and we are likely to find plant secondary metabolites in
baboon faecal matter.

GCMS analysis revealed the presence of 26 compounds, including alpha-pinene, limonene
eucalyptol, and n-heptadecanol. Studies performed on plant extracts with alpha-pinene, borneol, and
limonene showed great antimicrobial activity [14]. Another study showed that alpha-pinene has
significant antimycobacterial activity with MIC of 8 pg/ml against M. tuberculosis drug-sensitive
strain H37Ra [15]. Other compounds detected in high concentrations were 2-Pentylfuran and
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Eucalyptol. 2-Pentylfuran has been reported as a deterrent for spotted-wing drosophila insects and a
safe alternative to toxic insecticides as it is an approved food additive [16]. Eucalyptol is known to
have positive effects on respiratory conditions, including anti-inflammatory and bronchodilatory
effects. Multiple clinical trials have been conducted on individuals suffering from respiratory
conditions like rhinosinusitis, bronchitis, asthma, and COPD, yielding positive outcomes [17]. When
eucalyptol was combined with citronellol and citronellal in an artificial mixture, the mixture showed
over 90% inhibition of airborne TB [18]. n-heptadecanol-1, another compound found in significant
quantities in our essential oil extracts, has also been reported to have anti-inflammatory and
antimicrobial activity [19].

The second component of our study was to evaluate the antimycobacterial activity of the wild
baboon faecal matter extracts. Our study shows that wild baboon faecal matter contains
phytochemicals with antimycobacterial activity. This was demonstrated by essential Oils and ethanol
extracts, which had MIC of 0,5 mg/ml and 2 mg/ml, respectively, against M. smegmatis. Rifampicin
was used as a positive control with MIC of 2,5 mg/mL and MBC of 5 mg/mL. A negative control
DMSO showed no inhibition for both assays. The results obtained in this study are in agreement with
those obtained by Boussamba-Digombou et al. (2022), whereby essential oils from different plant
species showed significant inhibition with some species having MIC as little as 0,25 mg/mL and a
mode MIC of 2 mg/mL against M. smegmatis [20]. The activity of the wild baboon faecal extracts could
be attributed to the plant secondary metabolites identified in the GC-MS analysis, as some of the
compounds have been reported in the literature to have anti-mycobacterium tuberculosis activity.
Our study shows that phytochemicals excreted by wild baboons through the faecal matter may be
unmodified and functional; if modified, the modification has not compromised their antimybacterial
activity. Our study shows for the first time that wild baboon faecal matter is a valuable source of
various antimycobacterial, antimicrobial and anti-inflammatory agents found in high concentrations.

4. Materials and Methods

4.1. Sample Collection and Processing

Wild baboon faecal matter was collected from Langeni forest, Mthatha, on the 5th of May 2024;
this was done with assistance from a local hunter. Faecal matter was dried in an air-conditioned
environment. Once dried, it was ground into powder using a pestle and mortar to make a fine powder
and stored for later use.

4.2. Fecal Extract Preparation

Phytochemical extraction was conducted using two methods:

4.2.1. Ethanol Extraction

50g of the faecal powder was soaked in 500 ml of 70% ethanol, and the suspension was placed
in a shaker at 80 rpm at room temperature for 72 hours. The extract was then filtered using a cotton
wool ball followed by Whatman filter paper no. 2. The solvent was removed from the filtrate through
vacuum distillation with a rotary evaporator set to 35 °C, and the dried filtrate was stored at -20 °C
for later use.

4.2.2. Essential Oil Extraction

Hydro-distillation was performed by combining 205g of dried faecal powder with three litres of
dH:0 in a 500 ml flask; the flask was heated in a Thermo Scientific heating mantle for four hours. The
mixture was first heated at 100 °C for one hour, then reduced to 65 °C for the remaining three hours.
The sample with essential oils was concentrated using a speed vacuum (Concentrator Plus,
Eppendorf) to remove any remaining solvents and fully dry the samples. The vacuum concentrator
was pre-warmed for 15 minutes at 60 °C, and the extracts were dried at 45 °C for one hour. The dried

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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essential oils extract was transferred into the Eppendorf tubes covered with foil and stored at -20 °C
for later use [21].

4.3. Qualitative Phytochemical Screening

Qualitative phytochemical screening of ethanol extract of baboon faecal matter was performed
according to Adil et al., 2024 [22].

Alkaloids test: 100 mg of wild baboon faecal extract was combined with 20 ml of 2% H2504 and
then heated for a duration of 2 minutes in a water bath. After boiling, the liquid was filtered, and
three drops of Dragendroff’s reagent were added. The presence of a red-orange precipitate confirmed
the presence of alkaloids [22].

Flavonoids: 100 mg of wild baboon faecal extract was dissolved in NaOH and mixed with a few
drops of HCl. Changing the solution from yellow to colourless indicated the presence of flavonoids
[22].

Tannins: 50 mg of wild baboon faecal extract was added to 2 ml of distilled water, and the
mixture was heated until boiling. The liquid was filtered, and a few drops of 10% Ferric chloride were
added to the filtered liquid. A blackish-blue colour indicates the presence of gallic tannins, and a
green-blackish colour indicates the presence of catechol tannins [23].

Terpenoids test: 2 mL of chloroform and 3 mL of concentrated H2504 were added to 200 mg of
wild baboon faecal extract, creating a layered mixture. The red-brown interface suggested terpenoids
were present [22].

4.4. Gas Chromatography-Mass Spectrophotometer Analysis of Phytochemicals

Phytochemical analysis and quantification were performed according to Miya et al. (2021) [24].
The analysis was conducted using a Bruker 450 Gas Chromatograph paired with a 300 MS/MS mass
spectrometer system, operating in electron ionization (EI) mode at 70 eV. The instrument had an HP-
5 MS fused silica capillary column featuring a 5% phenyl-methyl siloxane stationary phase. Column
specifications included a length of 30 m, a diameter of 0.25 mm, and a film thickness of 0.25 um. The
initial column temperature was set at 50 °C and ramped up to 240 °C at 5 °C per minute, reaching a
final temperature of 450 °C, with a total run time of 66.25 min. Helium was used as the carrier gas at
a flow rate of 1.0 ml/min, with a split ratio of 100:1. The scan time was 78 min, covering a mass range
from 35 to 450 amu. Compound identification was based on GC retention indices from the in-house
library and in the literature [25].

4.5. Antimycobacterial Assay

The Alamar Blue assay was used to assess the antimycobacterial activity of the wild baboon
faecal extract, according to Agrawal et al., 2015 with minor modifications [26]. Briefly, 100 ul of wild
baboon faecal extract (4mg/ml), rifampicin control (20pg/ml), and DMSO (5%) were added to the first
row of a 96-well plate, while 50 ul of 7H9 media filled the remaining wells. Serial two-fold dilutions
were performed by mixing 50 pl compounds from the first row with media in each subsequent row
until the final row. The M. smegmatis strain was grown in replicates in 7H9 medium to an ODeoonm of
0.6, diluted 1000 times, and 50ul of the diluted culture was added to each well such that the final
concentration of antibiotic in the first well came down to the desired concentration. The plate was
sealed with parafilm to avoid drying of the cultures and incubated at 37 °C for three days under mild
shaking (100 RPM) conditions. After three days of incubation, 30l of sterile 0.2% resazurin dye was
added to each well and incubated for 6 h, shaking at 100 rpm and photographed [26]. Minimum
Inhibitory Concentration was determined as the value of the first well showing no growth as
indicated by resazurin dye staining. The experiments were performed in duplicates.

5. Conclusions

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Our study shows for the first time that wild baboon faecal matter contains plant secondary
metabolites with antimycobacterial activity and is a potential source of antimicrobial agents. This is
significant in an error with increased antibiotic resistance and a great need for new, effective drugs.
However, the concentration of the phytochemicals in the wild baboon faecal matter may vary
depending on the season and the forest where the wild baboons are found; this needs to be
investigated.
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