www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Phenolic composition of ten plants
species used as ethnoveterinary
medicines in Omusati and Kunene
regions of Namibia

N. Eikil, T. G. Manyelo?, Z. M. Hassan?, S. L. Lebelo?, N. A. Sebola?, B. Sakong' &
M. Mabelebele**

The therapeutic benefits of phenolic compounds found in plants are well known. The purpose of

this study was to determine the phenolic content of ten plant species used as ethnoveterinary
treatments in Namibia’s Omusati and Kunene regions. The plants of concern were Aloe esculenta,
Fockea angustifolia, Boscia albitrunca, Combretum imberbe, Acacia nilotica, Colophospermum mopane,
Acacia erioloba, Ziziphus mucronata, Ximenia americana, and Salvadora persica. An LC-MS approach
was used to identify the compounds. To analyse high-resolution UPLC-UV/MS, a Waters Acquity
ultra-performance liquid chromatograph (UPLC) with a photodiode array detector was connected to
aWaters Synapt G2 quadrupole time-of-flight mass spectrometer (MS). The current study identified
a total of 29 phenolic compounds. Flavonoids (epicatechin, (-)-Epigallocatechin, and rutin,) were
the most abundant, followed by 2R, 3S-Piscidic acid. Methylisocitric acid was found in all species
investigated, with the highest quantities in A. esculenta and X. americana leaf extracts. There

were differences in composition and quantity of phenolic compounds in aerial and ground sections
between species. The overall findings of the present study would act as a standard for subsequent
investigations into the pharmacological potentials of plants species utilized as ethnoveterinary
remedies. Priority should be given to isolating, purifying, and defining the active compounds
responsible for these plants’ activity.

In both industrialized and developing nations worldwide, plants are currently used as traditional veterinary
treatments'?. Because they are so crucial to conventional veterinary treatment, they are therefore promising
candidates for drug development®. Secondary metabolites such as phenolic compounds, with bioactive qualities
are produced by plants*. They are commonly found in fruits, vegetables, herbs, roots, leaves, and seeds, and they
play important roles in structure, innate defence, reproduction, and sensorial properties (colour, bitterness, taste,
and flavour)®. Phenolic compounds are released in response to UV radiation, pathogen and parasite infection,
and exposure to extreme temperatures®.

Pentose phosphate, shikimate, and phenylpropanoid pathways produce phenolic chemicals, which are sec-
ondary metabolites’. The name "phenol" refers to a chemical structure that contains a phenyl ring with one or
more hydroxyl substituents, and it is the most prevalent secondary metabolite in plants®. Phenolic substances are
made up of more than one aromatic ring and one or more hydroxyl functional groups’. Phenolic compounds are
a diverse category of molecules that have a variety of chemical configurations and are classified as monomeric,
dimeric, or polymeric phenolics'.

The huge numbers of natural compounds, usually referred to as specialized (or secondary) metabolites,
that are produced by plants are a useful resource for contemporary pharmacy’. Thus, the study of bioactive
compounds, extracts, and new ingredients from natural sources is currently receiving a lot of attention'!. To
date, epidemiological evidence suggests that phenolic compounds have important roles, such as suppressing
infections, and that they may help to reduce the occurrence of animal diseases'. Phenolic compounds are also
thought to play an important role in the treatment of veterinary diseases as natural antioxidants, antimicrobi-
als, and antiparasitic agents'. The goal of this study was to identify phenolic compounds in ten plant species
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claimed to be effective in treating livestock ailments like mastitis, skin infections, coughs and diarrhoea by
ethnoveterinary practitioners in Namibia’s Omusati and Kunene areas. These plants were Aloe esculenta Leach
(Aloaceae); Fockea angustifolia K. Schum (Apocynaceae) Boscia albitrunca Burch. (Capparaceae); Combretum
imberbe Wawra (Combretaceae); Acacia nilotica (L.) Wild, Colophospermum mopane (].Kirk ex Benth.), and
Acacia erioloba E.Mey (Fabaceae); Ziziphus mucronata Willd (Rhamnaceae), Ximenia americana L. (Olacaceae),
and Salvadora persica L. (Salvadoraceae).

Methods

Ethical approval. The study was reviewed and approved by Research and Ethical Review Committee of the
University of South Africa (UNISA) (approval number 2020/CAES_HREC/025). The department of forestry in
Windhoek, Namibia, also gave permission for the collection of plant specimens.

Study area. The research was conducted in Namibia’s Omusati and Kunene administrative regions, which
are two of the country’s 13 administrative regions. Omusati and Kunene regions have a subtropical climate with
hot summers and moderate winters'%. The average annual temperature is 23-34 °C, with annual rainfall ranging
from 480 to 600 mm". Omusati is 796 km away from Windhoek, and Kunene is 480 km. Omusati lies at 18.4070°
S and 14.8455° E, and Kunene is at 19° 24’ 31.0680” S and 13° 54’ 51.8400" E'°.

Collection and processing of plant materials. All the extracts used in this study were gathered in
Namibia from plants in their natural environments. Aloe esculenta (leaves), Salvadora persica (stem bark), Fockea
angustifolia (roots), Boscia albitrunca (leaf and tuber), Combretum imberbe (root and leaf), Acacia nilotica (gum
and branch), Colophospermum mopane (leaf and bark), Ziziphus mucronata (leaf and root), and Ximenia amer-
icana (leaf) were among the plant parts harvested. These plant parts were harvested during the dry season,
between August and November 2020. Mr Teodor Kaambu from the Directorate of Forestry in Windhoek in
cooperation with the Namibian Botanical Research Institute (NBRI) identified the plant species employed in
the current study. In taxonomic identification, the "Namibian Plants Red Data Book"” was used. The Namibia
Botanical Research Institute (NBRI) and international regulations prohibiting the collection of whole plants for
identification purposes were followed in the collection of these plant parts. "No complete plants were used or
obtained as specimens for the current investigation. The collection of plant parts was done in accordance with
Namibian laws, which are outlined in the instructions for collecting plant specimens from the Namibia Botani-
cal Research Institute (NBRI), as well as with international laws that forbid the gathering of complete plants
for identification. To avoid the transfer of pests and diseases from one location to another, as required by both
Namibian and international legislation governing the collection and/or movement of plant specimens, collected
plant parts were inspected for symptoms of diseases and pests”. The plant parts were air-dried for at least three
weeks at room temperature before being pounded into a fine powder. The specimens were subsequently taken to
Stellenbosch University in South Africa for phenolic compound analysis.

Phenolic compound analysis. To analyse high-resolution UPLC-UV/MS, a Waters Acquity ultra-per-
formance liquid chromatograph (UPLC) with a photodiode array (PDA) detector was connected to a Waters
Synapt G2 quadrupole time-of-flight (QTOF) mass spectrometer (MS) as described by Hassan et al.!®. Negative
electrospray ionization was employed with a cone voltage of 15V, desolvation temperature of 275 °C, desolvation
gas at 650 L/h, and the remainder of the MS settings optimized for optimal resolution and sensitivity*.

Data was collected by scanning in resolution mode and MSE mode from 150 to 1500 m/z*°. Two channels
of MS data were recorded in MSE mode, one with a low collision energy (4 V) and the other with a collision
energy ramp (20-60 V) to obtain fragmentation data. For accurate mass determination, leucine enkaphalin was
utilized as the lock mass (reference mass), and the device was calibrated with sodium formate®®. A Waters HSS
T3,2.1 100 mm, 1.7 m column was used to separate the samples as described by New et al.?!. The mobile phase
comprised 0.1% formic acid (solvent A) and acetonitrile containing 0.1% formic acid as solvent B, with a total
injection volume of 2 L.

The gradient began with 100% solvent A for 1 min and then shifted to 28% B in a linear fashion over 22 min.
It then moved to 40% B for 50 s, then 1.5 min at 100% B, followed by 4 min of re-equilibration to initial condi-
tions. The column temperature was kept at 55 °C and the flow rate was 0.3 mL/min. Compounds were measured
according to a calibration curve created by infusing a variety of catechin standards ranging from 0.5 to 100 mg/L
catechin??. The chemicals used were formic acid (Merck, SA), acetonitrile 200 and methanol 215 (Romil), Cat-
echin (Sigma Aldrich), Millipore water purification.

Data analysis. Data was analysed using Principal component analysis (PCA) analysis was conducted using
PAST version 4.02, a software for scientific data analysis with functions for data manipulation, plotting, univari-
ate, and multivariate statistics analysis.

Results

The study revealed the presence of 29 phenolic compounds in ten plants studied, with significant differences
between species (Tables 1, 2 and 3). In A. nilotica branch extract for example, the primary compound was 2R,3S-
Piscidic acid, while in Z. mucronata leaf extract, the main compound was 3-Methyl. Furthermore, corilagin and
pedunculagin were only identified in C. imberbe leaves and root extracts, respectively. Except for A. esculenta,
epicatechin was found in all plant species. Methylisocitric acid was identified in all species studied, except for F
angustifolia (root) and A. nilotica (gum) extracts. Dihydrox was identified only in B. albitrunca (leaf), C. imberbe
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Family and scientific name

Local name

Voucher number

Part used in EVM

Veterinary uses suggested

Phenolic compounds
detected

Aloaceae
Aloe esculenta

Endombo (Osh)
Otjindombo (Otj)
Koregu (Kkg)

KHAW2020NE

Leaf

Skin infections and coughs

Methyliso, L-Tryptophan

Apocynaceae
Fockea angustifolia

Enongo (Osh)

KUNW2020NE

Root

Anthrax

Gallic acid, Methyliso, alpha-
D-Rhap-(1->3)-alpha-
D-Rhap, 3-Methyl
(3-Methylglutaconic acid),
gentesic, Panto, 1-O-vanill,
L-Tryptophan,

Capparaceae
Boscia albitrunca

Omukuzi (Osh)
Omungwidi (Otj)
'Hunis (Kkg)

OMUW2020NE

Tuber

Helminths

dihydrox, Gallic acid,
Methyliso, alpha-D-
Rhap-(1->3)-alpha-D-Rhap,
Tachioside, 3-Methyl,
gentesic, Piscidic, Panto,
6”-0-p-Co, Stizolobat,
(-)-Epigallo (-)-Epigallocate-
chin, 1-O-vanill, Caffeic acid,
L-Tryptophan, Aralidioside

Leaf

Lung and liver infections

Gallic acid, Meth-

yliso, alpha-D-

Rhap-(1- >3)-alpha-D-Rhap,
4,6carboxy (4,6-O-[(1R)-
1-carboxyethylidene]-alpha-
D-galactose), Tachioside,
gentesic, Piscidic, Panto,
6”-O-p-Co, (-)-Epigallo
(-)-Epigallocatechin,
1-O-vanill, Caffeic acid,
L-Tryptophan, Aralidioside

Combretaceae
Combretum imberbe

Omukuku (Osh)
Omumborombonga (Otj)
Hab (Kkg)

OMUW?2020NE

Root

Leaf

Eye infection and diarrhoea

beta-Glu, dihydrox, Gallic
acid, Methyliso, alpha-D-
Rhap-(1- > 3)-alpha-D-Rhap,
Punicalin, Tachioside,
Pedunculagin, gentesic,
Piscidic, Panto, 6”-O-p-Co,
Peduncu, Stizolobat, (-)-Epi-
gallo (-)-Epigallocatechin,
1-O-vanill, Caffeic acid,
L-Tryptophan

beta-Glu, Gallic acid,
Methyliso, alpha-D-
Rhap-(1- >3)-alpha-D-Rhap,
Theogallin, Punicalin,
Tachioside, Theogallin,
Pedunculagin, Corilagin,
4-hydroxy, 3-Methyl
(3-Methylglutaconic acid),
gentesic, Piscidic, Panto,
Peduncu, Stizolobat, (-)-Epi-
gallo (-)-Epigallocatechin,
1-O-vanill, Caffeic acid,
L-Tryptophan

Fabaceae
Acacia erioloba

Omuthiya (Osh)
Omumbonde (Otj)
IGanab (Kkg)

KUNW2020NE

Bark

Wound healing

Gallic acid, Meth-

yliso, alpha-D-

Rhap-(1- > 3)-alpha-D-Rhap,
4,6carboxy (4,6-O-[(1R)-
1-carboxyethylidene]-alpha-
D-galactose), 4-Fumaryl
Fumaryl (4-Fumarylace-
toacetic acid), 3-Methyl
(3-Methylglutaconic acid),
gentesic, Panto, 6”-O-p-Co,
Stizolobat, (-)-Epigallo,
Isorhamn, 1-O-vanill,
L-Tryptophan, Aralidioside

Fabaceae
Acacia nilotica

Omutjuula (Osh)
Olufu (Otj)

OMUW2020NE

Gum

Eye inflammation

Tachioside, 3-Methyl,
Piscidic,

Branch

Retained placenta

Gallic acid, Methyliso, alpha-
D-Rhap-(1->3)-alpha-D-
Rhap, Tachioside, 3-Methy
(3 Methylglutaconic acid) 1,
Piscidic, (-)-Epigallo (-)-Epi-
gallocatechin, 1-O-vanill

Continued
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Family and scientific name

Local name

Voucher number

Part used in EVM

Veterinary uses suggested

Phenolic compounds
detected

Fabaceae
Colophospermum mopane

Omusati (Osh)
Omutati (Otj)
IGais (Kkg)

OMUW2020NE

Leaf

Bark

Diarrhoea

beta-Glu, Gallic acid,
Methyliso, 4,6carboxy,
Tachioside, 4-Fumaryl,
3-Methyl, gentesic, Piscidic,
Panto, 6”-O-p-Co, (-)-Epi-
gallo (-)-Epigallocatechin,
1-O-vanill, Caffeic acid,
L-Tryptophan, Aralidioside

beta-Glu, Gallic acid,
Methyliso, 4,6carboxy,
Tachioside, 4-Fumaryl
Fumaryl (4-Fumarylace-
toacetic acid), 4-hydroxy,
3-Methyl, gentesic, Piscidic,
Panto, Peduncu, (-)-Epigallo,
1-O-vanill, Caffeic acid,
L-Tryptophan, Aralidioside

Olacaceae
Ximenia americana

Omupeke (Osh)
Omuninga (Otj)
Blousuurpruim (Afr)

OMUW2020NE

Leaf

Eye infection and wound
healing

beta-Glu, dihydrox, Gallic
acid, Methyliso, alpha-D-
Rhap-(1- > 3)-alpha-D-Rhap,
Theogallin, 4,6carboxy,
Tachioside, Theogal-

lin, 4-Fumaryl Fumaryl
(4-Fumarylacetoacetic acid),
4-hydroxy, 3-Methyl (3
Methylglutaconic acid), gen-
tesic, Piscidic, Panto, (-)-Epi-
gallo, 1-O-vanill, Menisdau,
Hibiscitrin, L-Tryptophan,
Aralidioside

Rhamnaceae
Ziziphus mucronate

Omusheshete (Osh)
Omukaru (Otj)
#Aros (Kkg)

OMUW2020NE

Leaf

Diarrhoea
Mastitis

beta-Glu, Gallic acid,
Methyliso, alpha-D-
Rhap-(1- >3)-alpha-D-Rhap,
Tachioside, 4-hydroxy,
3-Methyl (3 Methylgluta-
conic acid), gentesic,
Piscidic, Panto, 6”-O-p-Co,
(-)-Epigallo, Isorhamn,
1-O-vanill, Caffeic acid,
L-Tryptophan

dihydrox, Gallic acid,

Methyliso, alpha-D-
Rhap-(1- > 3)-alpha-D-Rhap,
Theogallin, 4,6carboxy,
Tachioside, 4-Fumaryl

Root Fumaryl (4-Fumarylace-
toacetic acid), 4-hydroxy,
3-Methyl, gentesic, Piscidic,
Panto, 6”-O-p-Co, Isorhamn,)
1-O-vanill, Caffeic acid,
L-Tryptophan, Aralidioside

Salvadoraceae
Salvadora persica

Omunkavu (Osh)
Omungambu (Otj)
Khoris (Kkg)

Gallic acid, Methyliso, alpha-
D-Rhap-(1->3)-alpha-
D-Rhap, 3-Methyl (3
Methylglutaconic acid),
gentesic, Panto, 1-O-vanill,
L-Tryptophan

KUNW2020NE Bark Skin infection

Table 1. Medicinal properties of the plant species investigated.

(root), and Z. mucronata (root) extracts. Only C. imberbe (leaf), X. American (leaf), and Z. mucronata (root)
extracts contained theogallin. Peduncu, on the other hand, was only identified in extracts from two species: C.
mopane (bark) and C. imberbe (leaf and root).

The content of phenolic compounds in aerial and ground sections differed substantially. The leaf extract of
Z. mucronata, for example, contained beta-Glu compound, whereas the root did not Theogallin, 4,6carboxy
(4,6-O-[(1R)-1-carboxyethylidene]-alpha-D-galactose), 4-Fumaryl (4-Fumarylacetoacetic acid), and Aralidi-
oside were found in the root extract of the same plant, but not in the leaf extract. Similarly, stizolobat and
3-Methyl (3-Methylglutaconic acid) were exclusively found in the tuber extract of B. albitrunca, but not in its
leaf extract. Each phenolic compound’s content in aerial and ground sections of the same species varies signifi-
cantly. The quantity of (-)-epigallo ((-)-Epigallocatechin) and 3-Methyl (3-Methylglutaconic acid) in Z. mucro-
nata leaf extract were higher than those in its root extract. The leaf extract of C. mopane had more 4,6carboxy
(4,6-O-[(1R)-1-carboxyethylidene]-alpha-D-galactose) and 4-Fumaryl (4-Fumarylacetoacetic acid) than the
bark extract. Tachioside concentrations in the same species’ leaf extracts, on the other hand, were lower than
those in the bark extracts.

Flavonoids (epicatechin, (-)-Epigallocatechin, and rutin) dominated the distribution of phenolic compounds
in the studied plant species, as shown in a stacked bar graph. The phenolic compound 2R, 3S-Piscidic acid was
also dominant (Fig. 1).
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Plant species and parts screened

Phenoli A 1 A. nil A. nil fibitrunm aBihitrunca C. mopane| C. mopane| C. imberbe| C. imberbe| A. erioloba| fngusttfolia f;nericuna ﬁucronata il'ucronatu S. persica
compounds (leaves) (gums) (branch) (tuber) (leaves) (leaves) (bark) (root) (leaves) (bark) (roots) (leaves) (roots) (leaves) (bark)
Beta-glu 3 1 4 38 - - 164 - 1

Dihydroxy 30 - - - 4 - - - - 5

Gallic acid 15 4 10 1 1 64 71 4 - 225 9 3 1
Methyliso 63 3 5 3 1 2 1 2 2 - 26 1 4 1
alpha-D-

Rhap-(1->3)- 1 4 2 533 6 6 4 265 8 1
alpha-D-Rhap

Theogallin 1 489 1

4,6carboxy 1 108 30 1 1 1

Punicalin 7 166

Tachioside 62 6 4 11 3 15 59 54 4 12 8 3

Theogallin 1 745

Pedunculagin 43 120

Corilagin 87

4-Fumaryl 352 67 - - 5 - 1 4

4-hydroxy 1 1 2 108 426

3-Methyl 1 1 2 - 1 1 - 1 2 1 3 315 1185 1
Gentesic 1 21 110 111 1 33 34 - 39 5 22 6
Piscidic 1 2903 23 2 2 2 7 4 1 2 19

Panto 6 18 1 1 12 93 7 2 47 5 3 8
6”-0-p-Co 1 1 1 148 10 23 1

Peduncu 1 3 378

Stizolobat 2 2 2 346 1 2

(-)-Epigallo 22 36 25 1 1 604 2 35 - 3 265 420

Isorhamn 247

1-O-vanill 113 93 228 20 29 4 1 90 12 4 15 22 1
Menisdau 483

Caffeic acid 6 110 119 8 1 94 2 2

Hibiscitrin 377

L-Tryptophan | 1 68 8 29 101 68 11 136 63 - 28 24 62 46
Aralidioside 2 21 49 296 30 1 11

Total (29)

Table 2. Phenolic compounds detected in the examined species. (-) = Absence. Beta-Glu; dihydrox;

6- {[2-(3,4-dihydroxyphenyl, Methyliso; Methylisocitric acid, Rhap-(1- > 3); alpha-D-Rhap-(1- > 3)-alpha-
D-Rhap, 4,6-O-[(1R)-1-carboxy; 4,6-O-[(1R)-1-carboxyethylidene]-alpha-D-galactose. 4-Fumaryl;
4-Fumarylacetoacetic acid, 4-hydroxy; 4-hydroxy-2-oxoheptanedioate, 3-Methyl; 3-Methylglutaconic acid,
Piscidic; (2R,3S)-Piscidic acid, Panto; Pantothenic acid, 6”-O-p-Co; 6”-O-p-Coumaroyltrifolin, Peduncu;
Pedunculagin, (-)-Epigallo; (-)-Epigallocatechin, Isorhamn; Isorhamnetin 3-(6”-p-coumarylglucoside),
1-O-vanill; 1-O-vanilloyl-beta-D-glucose, Menisdau; Menisdaurin, Glucosyring; Glucosyringic acid; Syringin
4-O-beta-glucoside.

Beta-Glu; dihydrox; 6- {[2-(3,4-dihydroxyphenyl, Methyliso; Methylisocitric acid, Rhap-(1-> 3); alpha-D-
Rhap-(1- > 3)-alpha-D-Rhap, 4,6-O-[(1R)-1-carboxy; 4,6-O-[(1R)-1-carboxyethylidene]-alpha-D-galactose.
4-Fumaryl; 4-Fumarylacetoacetic acid, 4-hydroxy; 4-hydroxy-2-oxoheptanedioate, 3-Methyl; 3-Methylgluta-
conic acid, Piscidic; (2R,3S)-Piscidic acid, Panto; Pantothenic acid, 6”-O-p-Co; 6”-O-p-Coumaroyltrifolin,
Peduncu; Pedunculagin, (-)-Epigallo; (-)-Epigallocatechin, Isorhamn; Isorhamnetin 3-(6”-p-coumarylglucoside),
1-O-vanill; 1-O-vanilloyl-beta-D-glucose, Menisdau; Menisdaurin, Glucosyring; Glucosyringic acid; Syringin
4-O-beta-glucoside.

Figure 2 depicts a scatter plot of plant species derived from principal component analysis (PCA). To discover
probable variations between plant species, the methods of Hammer et al.>* were used. Compared to A. esculenta,
A. erioloba, E angustifolia, X. americana, S. persica, and B. albitrunca, which appear on the left side of the plot,
C. imberbe leaf and root, C. mopane bark, A. nilotica branch, and Z. mucronata leaf extracts cluster on the right
top and bottom side of the plot. In the model shown, the principal components (PCs) explained 58.17% of the
variation. The two principal components PC1 and PC2 have 45.85 and 12.35% variability, respectively.

The chromatograms of the species studied are shown in alphabetical order in Fig. 3A-O. The extracts with
multiple peaks included A. nilotica gum (Fig. 3A), A. esculenta leaf (Fig. 3B), B. albitrunca tuber and leaf (Fig. 3D
and E), C. imberbe root and leaf (Fig. 3F and H); C. mopane leaf and bark (Fig. 3G and I); A. erioloba bark
(Fig. 3]); E angustifolia root (Fig. 3K); X. americana leaf (Fig. 3L); and Z. mucronata root and leaf (Fig. 3M and
N). There were a few peaks in the extracts of A. nilotica branch (Fig. 3C) and S. persica bark (Fig. 30).
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Peak | Compound [M-H] elemental composition | [M-H] formula | Retention time (min)
1 Beta-glu CisH3,044 331,067 5.49
2 Dihydroxy C;HO; 609,127 5.65
3 Gallic acid C,H,O; 169,014 5,69
4 Methyliso C,H,NOS 205,034 5.84
5 alpha-D-Rhap-(1->3)-alpha-D-Rhap | CgH3;,0 5 309,118 6.00
6 Theogallin C,Hs0y 343,064 6,53
7 4,6 carboxy CyH;F,NO, 249,062 6.66
8 Punicalin C3,H,,0,, 781,053 6.767
9 Tachioside Cy5H,404 301,094 6.90
10 Theogallin C,,H,(Oy0 343,064 7.10
11 Pedunculagin Cy,H,,0,, 783,062 7.13
12 Corilagin C,;H,,045 633,069 7.35
13 4-Fumaryl CgHyO4 199,025 7.59
14 4-hydroxy CH,,0, 187,024 7.70
15 3-Methyl C.H,,0 143,034 7.73
16 Gentesic C,H,O, 315,071 7.84
17 Piscidic C,H,,0, 255,051 8.01
18 Panto Cy6H,,F,N;NaO,S 218,103 8.02
19 6”-0-p-Co CaoHyO1s 593,132 8.06
20 Peduncu CysH,0; 783,070 8.12
21 Stizolobat CoH,NO, 226,035 8.17
22 (-)-Epigallo C,,H, {0y, 305,065 8.26
23 Isorhamn C;Hy0,, 623,140 8.33
24 1-O-vanill CgH,0, 329,085 8.49
25 Menisdau C,HsNO, 312,106 8.77
26 Caffeic acid CyH O, 355,066 9.11
27 Hibiscitrin CgH,,0, 495,073 9.24
28 L-Tryptophan C;;H;,N,0, 203,082 9.34
29 Aralidioside C;sH,,0,3 447,114 9.49

Table 3. Compounds detected in ten plant species used as ethnoveterinary medicines in Omusati and Kunene
regions of Namibia.

Gallic acid was found in high concentrations in the X. americana species, with a retention time of 5.699 min
and an Mz of 169,0145 (Table 3). Theogallin was also prominent in X. americana species, with a retention time
of 6.538 min and an Mz of 343,06,396. Punicalin was mostly found in the leaves of C. imberbe, with a retention
time of 6.891 min and an Mz of 781,05,054 (Fig. 3H). Combretum imberbe leaves were also found to contain
(-)-epigallocatechin with a retention time of 13.208 and an Mz of 305,07,166. As illustrated in Fig. 3H, genistin
is one of the highest peaks discovered in C. imberbe leaves, with a retention time of 17.644 min and an Mz of
431,09,747. Polydine chemical was likewise abundant in C. imberbe leaves, with an Mz of 421,11,249 and a
detection time of 18.299 min. At a retention time of 15.311 min and an Mz of 865,1947, significant amounts of
procyanidin C1 were found in C. mopane bark.

*Local name: Oshi, Oshiwambo; Otji, Otjiherero; Kkg, Khoekhoegowab.

Discussion

The major phytochemical compounds from plants with antioxidant capabilities are known as phenolics and
flavonoids®*%. For instance, the high concentration of the phenolic compound catechins in green tea has been
linked to its antibacterial properties??. Similarly, epicatechin, a phenolic compound, was said to be responsi-
ble for H. patens’ antibacterial action®". The effects of gallic acid on wound healing have also been extensively
documented by Pal et al.’! and Comino-Sanz et al.*>. The discovery of a high quantity of gallic acid in X. ameri-
cana may help to explain why this plant is reportedly used in EVM to treat wounds in the current study area.
Intriguingly, the current study found evidence of gallic acid, catechin, and epicatechin in the examined species.
Both plants are known to be used in EVM to treat a variety of veterinary conditions, including mastitis, wound
healing, inflammation, and diarrhoea.

The high levels of 2R,3S-Piscidic acid detected in A. nilotica branch extract is compatible with Sulaiman and
Balachandran’s®® findings, which asserted that A. nilotica is the greatest source of phenolics. Furthermore, Ali
et al.*, reported that A. nilotica has a wide variety of biologically active, therapeutically useful compounds that
have been used in traditional systems of medicine to treat a variety of ailments. When compared to previous
investigations, the current study found Z. mucronata leaf extract to contain higher concentration of 3-methyl
(3-Methylglutaconic acid) phenolic compound however researchers Gao et al.** and Abdoul-Azize*® found
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Figure 1. Stacked bar chart of phenolic compounds in different plant species. (A) Aloe esculenta, (B) Acacia
gums, (C) Acacia nilotica branch, (D) Boscia albitrunca tuber, (E) Boscia albitrunca leaves, (F) Combretum
imberbe roots, (G) Colophospermum mopane leaves, (H) Combretum imberbe leaves, (I) Colophospermum
mopane bark, (J) Acacia erioloba bark, (K) Fockea angustifolia roots, (L) Ximenia americana leaves, (M) Ziziphus
mucronata roots, (N) Ziziphus mucronata leaves, (0) Salvadora persica bark.
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Figure 2. Principal component analysis (PCA) scatter plot of the plant species.

smaller amounts of 3-methyl (3-Methylglutaconic acid) in Ziziphus genus samples. Ziziphus lotus and Ziziphus
mauritiana samples, respectively, were found to contain rare phenolic compounds such as chlorogenic acid,
1,3-di-O-caffeoyquinic acid, luteolin-7-o0-glucoside, naringin, and kampherol, caffeic, and salviolinic acids®’.
The differences in phenolic compound presence between aerial and terrestrial organs as detected in species
examined are in line with earlier studies by Lattanzio® and Kikowska et al.’. Furthermore, Generali¢ et al.* also
revealed seasonal fluctuations in phenolic compound content, while Maina et al.*’ discovered phenolic com-
pound alterations at different stages of plant development. The pattern of secondary metabolites in each plant is
complex*}; it varies by tissue and organ; regular differences can be seen between developmental stages, for exam-
ple, organs important for survival and reproduction have the highest and most potent secondary metabolites,
and between individuals and populations. Lattanzio® also asserted that there seems to be a correlation between
temperature and the concentrations of phenolic compounds in plant tissues, with lower temperatures being
linked to higher concentrations of phenolic compounds. Tak and Kumar?*? claimed that phenolics accumulate in
the central vacuoles of guard cells and epidermal cells, as well as subepidermal cells of leaves and shoots, which
could explain why Z. mucronata and C. mopane leaves for example contained more 3-Methyl (3 Methylgluta-
conic acid), (-)-epigallo (-)-Epigallocatechin, 4,6carboxy, and 4-Fumaryl Fumaryl (4-Fumarylacetoacetic acid)
than root and bark extracts. Additionally, since Phenylalanine Ammonia Lyase (PAL) is a key enzyme in the
biogenesis of numerous phenolic compounds, its enhanced activity at lower temperatures may help to explain
the elevated quantities of phenolic compounds in the leaves than in roots*. Similar results were found by Del
Valle et al.* who discovered that S. littorea’s response to UV stress includes an increase in the concentration of
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Aloe esculenta LC-MS Chromatogram
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Figure 3. Chromatograms of phenolic compounds in species screened (A-O). Aloe esculenta LC-MS
Chromatogram. Acacia nilotica gum LC-MS Chromatogram. Acacia nilotica branch LC-MS Chromatogram.
Boscia albitrunca tuber LC-MS Chromatogram. Boscia albitrunca leaves LC-MS Chromatogram. Combretum
imberbe root extract LC-MS Chromatogram. Colophospermum mopane leaf extract LC-MS Chromatogram.
Combretum imberbe leaf extract LC-MS Chromatogram. Colophospermum mopane bark LC-MS Chromatogram.
Acacia erioloba bark LC-MS Chromatogram. Fockea angustifolia roots LC-MS Chromatogram. Ximenia
americana leaf LC-MS Chromatogram. Ziziphus mucronata root LC-MS Chromatogram. Ziziphus mucronata leaf
LC-MS Chromatogram. Salvadora persica bark LC-MS Chromatogram.
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Acacia nilotica branch LC-MS Chromatogram
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Figure 3. (continued)
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Boscia albitrunca leaves LC-MS Chromatogram
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Figure 3. (continued)
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Colophospermum mopane leaf extract LC-MS Chromatogram
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Figure 3. (continued)

Scientific Reports |  (2022) 12:21335 | https://doi.org/10.1038/s41598-022-25948-y nature portfolio



www.nature.com/scientificreports/

Colophospermum mopane bark LC-MS Chromatogram
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Figure 3. (continued)
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Fockea angustifolia roots LC-MS Chromatogram
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Figure 3. (continued)
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Ziziphus mucronata root LC-MS Chromatogram
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Salvadora persica bark LC-MS Chromatogram
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Figure 3. (continued)

total phenolic compounds. They also discovered that exposure to UV radiation caused a generalized increase in
the concentration of anthocyanin and UV-absorbing compounds in S. littorea. It is interesting to note that most
of the phenolic compounds found in the plant species studied have clustered on principal component 1 (PC1).
However, no comparable findings could be found in the literature.

Due to Namibia’s frequent droughts, plants have developed several defence mechanisms to deal with or resist
this stress**. One of these methods is the production of phenolic compounds (polyphenols)*. Several native
species of severe habitats manufacture phenolic compounds (or polyphenols) as one of their defence mecha-
nisms against the oxidative damage caused by dehydration?’. The findings of Albergaria et al.*® support this,
demonstrating that medicinal plants cultivated under severe drought had high amounts of phenolic and flavo-
noid compounds in the leaves, but those grown under higher irrigation had high levels of phenolic compounds
in the seeds. These could explain why the phenolic compounds found in the plant species under investigation
varied significantly.

Even though the current study found a remarkable composition of phenolic compounds in the plants under
investigation, this does not necessarily mean that the screened plant extracts are effective medications or candi-
dates for drug development. However, it does provide basic information about the plant’s phenolic compounds,
which are thought to play a significant role in the treatment of veterinary diseases as natural antioxidants, anti-
microbials, and antiparasitic agents. More testing of these extracts against pathogenic strains of test organisms
will be required to assess the pharmacological efficiency of these plants.

Conclusions

The overall findings of the present study would act as a standard for subsequent investigations into the pharmaco-
logical potentials of plants utilized as ethnoveterinary remedies. Priority should be given to isolating, purifying,
and defining the active compounds responsible for these plants activity.

Data availability
This article contains all data generated or analysed during this study.

Received: 15 April 2022; Accepted: 25 November 2022
Published online: 09 December 2022

Scientific Reports |  (2022) 12:21335 | https://doi.org/10.1038/s41598-022-25948-y nature portfolio



www.nature.com/scientificreports/

References

1.

2.

fosd

10.
11.
12.
13.
14.
15.
16.
. Loots, S. Red Data Book of Namibian Plants Vol. 38 (Sabonet, Pretoria, 2005).
18.
19.

20.

21.

22.
23.
24.
25.
26.
. Jucd, M. M. et al. Flavonoids: Biological activities and therapeutic potential. Nat. Prod. Res. 34(5), 692-705 (2020).
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

38.

39.
40.

41.
42.

Khan, T. et al. Anticancer plants: A review of the active phytochemicals, applications in animal models, and regulatory aspects.
Biomolecules 10(1), 47 (2020).

Llurba-Montesino, N. & Schmidt, T. J. Salvia species as sources of natural products with antiprotozoal activity. Int. J. Mol. Sci.
19(1), 264 (2018).

. Mahalik, G., Sahoo, S. & Satapathy, K. B. Evaluation of phytochemical constituents and antimicrobial properties of Mangifera

indica L. Leaves against urinary tract infection-causing pathogens. Evaluation 10(9), 169 (2017).

. Van Wyk, B.E. & Wink, M. Medicinal plants of the world. CABI (2018).
. Jain, C., Khatana, S. & Vijayvergia, R. Bioactivity of secondary metabolites of various plants: A review. Int. J. Pharm. Sci. Res. 10(2),

494-498 (2019).

. Tuladhar, P, Sasidharan, S. & Saudagar, P. Role of phenols and polyphenols in plant defense response to biotic and abiotic stresses.

In Biocontrol Agents and Secondary Metabolites 419-441 (Woodhead Publishing, 2021).

. Adeboye, P. T, Bettiga, M. & Olsson, L. The chemical nature of phenolic compounds determines their toxicity and induces distinct

physiological responses in Saccharomyces cerevisiae in lignocellulose hydrolysates. AMB Express 4(1), 1-10 (2014).

. Lattanzio, V. Phenolic compounds: Introduction 50. In Nat. Prod 1543-1580 (2013).
. Min, K., Freeman, C., Kang, H. & Choi, S. U. The regulation by phenolic compounds of soil organic matter dynamics under a

changing environment. BioMed Res. Int. 2015, 825098 (2015).

Laura, A., Moreno-Escamilla, J. O., Rodrigo-Garcia, J. & Alvarez-Parrilla, E. Phenolic compounds. In Postharvest Physiology and
Biochemistry of Fruits and Vegetables 253-271 (Woodhead Publishing, 2019).

Koparde, A. A, Doijad, R. C. & Magdum, C. S. Natural products in drug discovery. In: Pharmacognosy-Medicinal Plants (IntechO-
pen, 2019)

Nisar, A. Medicinal plants and phenolic compounds. In Phenolic Compounds: Chemistry, Synthesis, Diversity, Non-Conventional
Industrial, Pharmaceutical and Therapeutic Applications 131 (2022).

Li, A. N. et al. Resources and biological activities of natural polyphenols. Nutrients 6(12), 6020-6047 (2014).

Heine, K. Holocene climate of Namibia: A review based on geoarchives. Afr. Study Monogr. Suppl. Issue 30, 119-133 (2005).
Awala, S. K., Hove, K., Wanga, M. A., Valombola, J. S. & Mwandemele, O. D. Rainfall trend and variability in semi-arid northern
Namibia: Implications for smallholder agricultural production. Welwitschia Int. J. Agric. Sci. 1, 1-25 (2019).

Namibia Statistics Agency. The Namibia Labour Force Survey 2018 Report. Namibia Statistics Agency (2017).

Hassan, Z., Sebola, A. & Mabelebele, M. Assessment of the phenolic compounds of pearl and finger millets obtained from South
Africa and Zimbabwe. Food Sci. Nutr. 8(9), 4888-4896 (2020).

Liigand, P. et al. Think negative: finding the best electrospray ionization/MS mode for your analyte. Anal. Chem. 89(11), 5665-5668
(2017).

Li, H. et al. Chemical profiling of Re-Du-Ning injection by ultra-performance liquid chromatography coupled with electrospray
ionization tandem quadrupole time-of-flight mass spectrometry through the screening of diagnostic ions in MSE mode. PLoS
ONE 10(4), 0121031 (2015).

New, L. S. & Chan, E. C. Evaluation of BEH C18, BEH HILIC, and HSS T3 (C18) column chemistries for the UPLC-MS-MS analysis
of glutathione, glutathione disulfide, and ophthalmic acid in mouse liver and human plasma. J. Chromatogr. Sci. 46(3), 209-214
(2008).

Serra, A. et al. Determination of procyanidins and their metabolites in plasma samples by improved liquid chromatography-tandem
mass spectrometry. J. Chromatogr. B 877(11-12), 1169-1176 (2009).

Hammer, @., Harper, D. A. & Ryan, P. D. PAST: Paleontological statistics software package for education and data analysis. Palae-
ontol. Electron. 4(1), 9 (2001).

Saxena, M., Saxena, J., Nema, R., Singh, D. & Gupta, A. Phytochemistry of medicinal plants. J. Pharmacogn. Phytochem. 1(6),
168-182 (2013).

Hussein, R. A. & El-Anssary, A. A. Plants secondary Metabolites: The key drivers of the pharmacological actions of medicinal
plants. Herb. Med. 1(3) (2019).

Karak, P. Biological activities of flavonoids: An overview. Int. J. Pharm. Sci. Res. 10(4), 1567-1574 (2019).

Gopal, J., Muthu, M., Paul, D., Kim, D. H. & Chun, S. Bactericidal activity of green tea extracts: The importance of catechin con-
taining nano particles. Sci. Rep. 6(1), 1-14 (2016).

Rasooly, R. et al. In-vitro inhibition of staphylococcal pathogenesis by witch-hazel and green tea extracts. Antibiotics 8(4), 244
(2019).

Paz, J. E. W, Contreras, C. R., Munguia, A. R., Aguilar, C. N. & Inungaray, M. L. C. Phenolic content and antibacterial activity of
extracts of Hamelia patens obtained by different extraction methods. Braz. J. Microbiol. 49, 656-661 (2018).

Pal, S. M., Avneet, G. & Siddhraj, S. S. Gallic acid: Pharmacogical promising lead molecule: A review. Int. J. Pharm. Pharm. Res.
10, 132-138 (2018).

Comino-Sanz, I. M., Lépez-Franco, M. D., Castro, B. & Pancorbo-Hidalgo, P. L. The role of antioxidants on wound healing: A
review of the current evidence. J. Clin. Med. 10(16), 3558 (2021).

Sulaiman, C. T. & Balachandran, I. Total phenolics and total flavonoids in selected Indian medicinal plants. Indian J. Pharm. Sci.
74(3), 258 (2012).

Alj, R. et al. Antileishmanial evaluation of bark methanolic extract of acacia nilotica: In vitro and in silico studies. ACS Omega
6(12), 8548-8560 (2021).

Gao, Q. H. et al. Textural characteristic, antioxidant activity, sugar, organic acid, and phenolic profiles of 10 promising jujube
(Ziziphus jujuba Mill.) selections. J. Food Sci. 77(11), C1218-C1225 (2012).

Abdoul-Azize, S. Potential benefits of jujube (Zizyphus Lotus L.) bioactive compounds for nutrition and health. J. Nutr. Metab.
https://doi.org/10.1155/2016/2867470 (2016).

Yahia, Y., Benabderrahim, M. A,, Tlili, N., Bagues, M. & Nagaz, K. Bioactive compounds, antioxidant and antimicrobial activities
of extracts from different plant parts of two Ziziphus Mill. species. PLoS ONE 15(5), €0232599 (2020).

Kikowska, M., Thiem, B., Szopa, A. & Ekiert, H. Accumulation of valuable secondary metabolites: Phenolic acids and flavonoids
in different in vitro systems of shoot cultures of the endangered plant species—Eryngium alpinum L.. Plant Cell Tissue Organ Cult.
(PCTOC) 141(2), 381-391 (2020).

Generali, L. et al. Seasonal variations of phenolic compounds and biological properties in sage (Salvia officinalis L.). Chem. Biodiv-
ers. 9(2), 441-457 (2012).

Maina, S. et al. Variation in phenolic compounds and antioxidant activity of various organs of African cabbage (Cleome gynandra
L.) accessions at different growth stages. Antioxidants 10(12), 1952 (2021).

Wink, M. Annual Plant Reviews, Biochemistry of Plant Secondary Metabolism Vol. 40 (John Wiley & Sons, 2011).

Tak, Y. & Kumar, M. Phenolics: A key defence secondary metabolite to counter biotic stress. In Plant Phenolics in Sustainable
Agriculture 309-329 (Springer, Singapore, 2020).

Scientific Reports |

(2022) 12:21335 | https://doi.org/10.1038/s41598-022-25948-y nature portfolio


https://doi.org/10.1155/2016/2867470

www.nature.com/scientificreports/

43. Medda, S., Dessena, L. & Mulas, M. Monitoring of the PAL enzymatic activity and polyphenolic compounds in leaves and fruits
of two myrtle cultivars during maturation. Agriculture 10(9), 389 (2020).

44. Del Valle, J. C., Buide, M. L., Whittall, J. B., Valladares, E. & Narbona, E. UV radiation increases phenolic compound protection
but decreases reproduction in Silene littorea. PLoS ONE 15(6), €0231611 (2020).

45. Kgabi, N. A., Uugwanga, M. & Ithindi, ]. Atmospheric conditions and precipitation in arid environments: A case of Namibia. Int.
J. 6(1), 148-159 (2016).

46. Salehi-Lisar, S. Y. & Bakhshayeshan-Agdam, H. Drought stress in plants: Causes, consequences, and tolerance. In Drought Stress
Tolerance in Plants Vol. 1 1-16 (Springer, Cham, 2016).

47. Sharma, A. et al. Response of phenylpropanoid pathway and the role of polyphenols in plants under abiotic stress. Molecules 24(13),
2452 (2019).

48. Albergaria, E. T,, Oliveira, A. E. M. & Albuquerque, U. P. The effect of water deficit stress on the composition of phenolic compounds
in medicinal plants. S. Afr. J. Bot. 131, 12-17 (2020).

Acknowledgements
The authors would like to acknowledge the CA LCMS Lab, at the University of Stellenbosch for assistance with
the LC-MS analysis.

Author contributions

N.E. designed the study, collected samples, oversaw botanical identification, produced the report, and took part
in all experimental measures. The chromatographic analysis was designed and carried out by M.T.G. Theoretical
calculations and data interpretation were done by H.Z.M., L.S.L,, B.S., S.N.A., and M.M. All authors reviewed
the paper and participated in revising it. All authors read and approved the final content of this manuscript for
publication.

Funding

Authors would like to acknowledge financial assistance received from University of South Africa (UNISA).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:21335 | https://doi.org/10.1038/s41598-022-25948-y nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Phenolic composition of ten plants species used as ethnoveterinary medicines in Omusati and Kunene regions of Namibia
	Methods
	Ethical approval. 
	Study area. 
	Collection and processing of plant materials. 
	Phenolic compound analysis. 
	Data analysis. 

	Results
	Discussion
	Conclusions
	References
	Acknowledgements


