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Summary
The human diet of the local population in the province Uíge,  
Angola mainly consists of carbohydrate rich plants originating from 
America or Asia. Acidic soils lead to various deficiency syndromes 
and low livestock yield. The aim of this study is to evaluate the  
nutritional potential of 14 native plants from Africa (Aframomum  
alboviolaceum, Aframomum angustifolium, Aframomum giganteum, 
Antidesma venosum, Clitandra cymulosa, Landolphia buchananii, 
Landolphia lanceolata, Landolphia owariensis, Oncoba welwitschii, 
Parinari capensis, Piper umbellatum, Pseudospondias microcarpa, 
Tristemma mauritianum, Vitex madiensis subsp. madiensis). The 
amino acid composition, beta-carotene, vitamin B1, B2, C and E 
content was determined for the respective edible plant part. Fruits 
of P. capensis were found to be rich in beta-carotene. The pulp of 
O. welwitschii shows a high nutritional value (high in vitamin B1, 
B2, C, E and in indispensable amino acids). Leaves of P. umbellatum 
are determined as convenient substitutes for the human nutrition con-
taining beta-carotene, vitamin B1, B2, C and E. The integration and 
cultivation of studied plants indicate positive health effects, supply-
ing different amounts of frequently lacking vitamins and beneficial 
ratios of indispensable amino acids. Studies examining dependencies 
between site location, ripeness, storage or transportation are urgently 
needed as they directly influence the micronutrient content.
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Introduction
Humans are incapable to synthesize vitamins in necessary amounts 
by themselves and are thus dependent on a manifold diet for the 
maintenance of their health. Vitamin deficiencies can lead, depending 
on the respective vitamin, to different syndromes. One of the best-
known deficiencies is the lack of vitamin C. A vitamin C deficiency 
can cause scurvy which is invariably fatal if left untreated. (WHO 
and FAO, 2004). Vitamin B1 (thiamin) and Vitamin B2 (riboflavin) 
function as cofactors for various enzymes (Mangel et al., 2017; 
WHO and FAO, 2004). A deficiency of these vitamins affects the 
cardiovascular and neurological system and is further associated with 
ariboflavinosis, cancer, or anemia (Fitzpatrick et al., 2012; Mangel  
et al., 2017). Leading cause for those conditions are inadequate 
dietary intakes due to limited food supply or abnormal digestion 
(WHO and FAO, 2004).
Angola has one of the highest prevalence of vitamin A deficiency 
worldwide, presenting a severe public health problem (Wirth 
et al., 2017). The Angolan nutrition is low in animal products 
and consequently in retinol. It can be assumed that plant derived 

provitamin A in form of beta-carotene is the major source of vitamin 
A as in general for developing countries (Booth et al., 1992). The 
limited intake of animal products affects the protein supply and 
quality as well (SchönFeldt and hall, 2012). The African nutrition 
is consequently low in proteins, resulting in persistent undernutrition, 
threatening the local population (SchönFeldt and hall, 2012). A 
combination of different plant products, providing different amounts 
of indispensable amino acids, can thus increase the quality of in- 
corporated protein.
The tropical fruit production in Africa is dominated by Asian and 
American species, although native species are better adapted to local 
soil conditions (BauMgärtel et al., 2022b). At the moment only a 
small proportion of the over 2000 native African food plants is utilized 
and even less plants are cultivated or sold (national reSearch 
council, 2008). However, local food products are important for 
the households of the rural population and a sustainable utilization 
can protect vulnerable ecosystems (Shackleton and Shackleton, 
2004). The remaining primary forests of the northern studied pro- 
vince Uíge, important biodiversity hotspots, are under high pressure 
with one of the highest tree cover losses of the country (World 
reSourceS inStitute, 2016). Slash and burn farming and timber 
harvesting are major drivers affecting the natural vegetation. Re- 
forestation and protection programs for this region lack completely. 
acipa et al. (2013) recognize a decline of the harvest of wild foods 
in Uganda due to the disappearance of intact ecosystems, underlining 
the extensive anthropogenic effects. The cultivation of African plant 
species can increase the food supply, the nutrition and raise econo- 
mic conditions (BauMgärtel et al., 2022b; national reSearch 
council, 2008; SchönFeldt and hall, 2012). Further, the utilization 
of local grown food plants can prevent destructive field creation, 
slash-and burn farming, expensive soil amelioration techniques or 
the application of pesticides/herbicides (BauMgärtel et al., 2022b; 
göhre et al., 2016). Small scale cultivation, conservation of existing 
plant populations and reforestation can hold the fragile landscapes 
together and cushion the pressure of deforestation on last remaining 
forests (national reSearch council, 2008). African food plants 
therefore present an alternative to conventional, introduced food 
crops as banana, mango or guava.
Natural foods are sparsely consumed as a snack besides the path and 
often considered as famine foods with low quality. However, these 
fruits need no preparation and are important to fulfil the requirements 
of a healthy, balanced diet, which is in Angola mainly based on 
high carbohydrate plants as cassava or rice. Additionally, wild fruits 
appear spontaneously and complex cultivation or soil amelioration 
techniques are not required as mandatory for most American or Asian 
species (BauMgärtel et al., 2022b). Previous studies of this region 
identified plant species and their different utilization patterns (göhre 
et al., 2016; heinze et al., 2017; lautenSchläger et al., 2018). 
Pharmacological analyses often follow, while nutritional studies 
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only build a minor part (poMperMaier et al., 2018). At the moment, 
only the edible leaves of Piper umbellatum L. were studied for their 
antinutritive action, revealing no toxicity effects (da Silva et al., 
2014). The majority of studied plant species is additionally utilized in 
traditional medicine and several phytochemical publications analyze 
the cytotoxicity of specific plant parts (leaves, stem bark) (ezike 
et al., 2016; kuete et al., 2014; MBatchi et al., 2006; ondo et al., 
2012; uyS et al., 2002). Data for the edible parts as fruits are missing, 
although health risks consuming the studied plant species are not 
expected.
Vitamin and amino acid profiles for plants consumed by the local 
population are widely lacking or incomplete and are urgently needed 
(national reSearch council, 2008). In this study the vitamin, 
protein and amino acid content of 14 different plant species is 
examined. The aim is to identify potential future crops as alternative 
to conventional food crops with high nutritional quality, combating 
malnutrition in Angola.

A step towards Sustainable Development Goal 2 “Zero Hunger”
The studied plant species can help to combat malnutrition not only 
within the country of Angola. Alternative food crops are needed on 
global scale facing problems of climate change, food security and 
hunger. Local growing plants are best adapted to present growing 
conditions needing no expensive amelioration techniques or fertilizers. 
Wild edible plants are valuable sources of minerals, vitamins and 
proteins, enabling a sustainable utilization and agriculture by the 
local population.

Materials and methods
Study site
All analyzed plant parts were collected in Angola’s northern province 
Uíge from October 2018 to March 2019. The province was once 
famous for its coffee plantations but after the long independence 
and subsequent civil war until 2002, the infrastructure and economy 
are still severely affected. Today subsistence farmers dominate the 
agricultural sector cultivating peanuts, corn, cassava or beans (da 
rocha, 2010). The climate is categorized as tropical savanna (Aw), 
with a rainy season from October to March (BriggS and SMithSon, 
1986; peel et al., 2007). The analyzed plant species reflect the mosaic 
of different vegetation zones in this province: perennials growing on 
sandy soils in the savanna (Parinari capensis Harv.), high climbers 
in forests and transition zones (Clitandra cymulosa Benth.), herbs 
growing along riverine (Tristemma mauritianum J.F. Gmel.) or trees 
of the forest (Oncoba welwitschii Oliv.) (Fig. 1).
The plant selection was based on previous data and availability of a 
high amount of mature fruits for analyses (lautenSchläger et al., 
2018) (Tab. 1). A team of students and lecturers from the University 
Kimpa Vita, Uíge, Angola and the Technische Universität Dresden, 
Germany, performed the transect walks together with local guides 
collecting the nutritive plant material and herbarium vouchers, stored 
at the Herbarium Dresdense and the Virtual Herbaria JACQ. Every 
participant was briefed about their rights and the aim of this study 
(prior informed consent). Working and collection permits were 
obtained from the Ministry of Environment Angola, the Province 
Government of Uíge, administrative heads and the Instituto Nacional 
da Biodiversidade e Conservação (INBC).

Sample preparation
The collected plant parts were prepared as indicated by the informants 
(e.g. removal of seeds, hard shell) (Tab. 1). The edible portion was 
freeze dried on-site in Uíge and transported in a freezer-bag to 
Germany. The moisture content was calculated from the difference 

in weight during freeze-drying. The plant material was homogenized 
with a ball mill (Retsch MM 400, Haan, Germany) and stored in a 
freezer (-80 °C) until the different analyses took part.

Protein and amino acid analyses
According to the method of Kjeldahl the protein content was 
determined for two portions of the dried plant material (weight:  
0.2-0.8 g) and calculated using a conversion factor of F=6.25 
(System of Büchi Labortechnik AG, Flawil, Switzerland) (MatiSSek 
et al., 2014). For the amino acid determination the plant powder 
(weight: 0.1-0.4 g) was hydrolyzed twice independently with 6N 
HCl for 23 hours at 110 °C and analyzed with an ion exchange 
chromatography with post-column ninhydrin-derivatization (Amino 
Acid Analyser S433, analytical cation exchanger LCA K07/Li, 7 μm, 
4.6 mm × 150 mm, SYKAM Chromatographie Vertriebs GmbH, 
Fürstenfeldbruck, Germany) (lautenSchläger et al., 2017). All 
amino acids were detected at 570 nm, only Prolin (Pro) at 440 nm. 
As Tryptophan is labile to acidic conditions it could not be analyzed. 
Contents of the sulphureous amino acids cysteine and methionine 
present the minimum range as they are partially oxidized whilst 
hydrolysis. Asparagine (Asn) and glutamine (Gln) are converted to 
their respective acids, wherefore their contents are summarized under 
the contents of aspartic acid (Asp) and glutamic acid (Glu).

Vitamin analyses
Beta-carotene, vitamin C and E were determined and quantified using 
HPLC-UV. The dried plant material (0.5-2.7 g) was solubilized with 
methanol (MeOH) (5 ml), vortexed (5 min), centrifuged (15 min, 
5000 rpm) and filtered (pore size 0.45 μm; regenerated cellulose). For 
quantification of beta-carotene and vitamin E a gradient elution with 
0.01% TFA in H2O and MeOH was applied using a RP-C18 250 mm 
× 4.6 mm column with 5 μm particle size and a diode array detector 
(Płonka et al., 2012). For the measurement of vitamin C the method 
from haSiMoglu and ghodke (2018) was adopted (column: RP-C18 
250 mm × 4.6 mm (5 μm); diode array detector; eluent A: 10.5 mM 
Pentane-1-sulfonic acid in distilled water, 15 mL acetic acid added; 
eluent B: mixture of methanol and eluent A (90:10 V/V). Standard 
solutions for retinol (Sigma-Aldrich R7632), ascorbic acid (Sigma-
Aldrich 95209) and DL-Tocopherol (Sigma-Aldrich, T3251) were 
prepared in MeOH.
The vitamins B1 and B2 were analyzed using HPLC with fluorescence-
detection, according to Bognar (1992) and oguntoyinBo et al. 
(2016). For thiamine an additional post column in-line oxidation was 
applied.
The limit of detection (LOD) was determined for beta-carotene and 
the vitamins C and E as the lowest concentration, where the signal 
could be separated from the noise. The limit of quantification (LOQ) 
for vitamin B1 and B2 was calculated from the minimum calibration 
solution taking into account the specific sample weight. The vitamin 
contents of all plant materials were measured in at least a double 
determination.
All utilized reagents were of analytical quality. Results are given 
as the mean contents for dry weight with their respective standard 
deviation (SD).

Results
The obtained vitamin, protein and amino acid contents are presented 
based on 100 g dry matter (d.m.). If necessary, values were converted 
to fresh weight (f.w.) for comparison. Due to transport, storage, age 
and preparation of the plant material, all obtained contents present 
the minimum content. Unstable vitamins are of particular risk to 
get lost or diminish until analyses took part, so vitamin contents of 
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Fig. 1:  Overview of some of the analyzed plant species and their typical habitats; A: Parinari capensis; B: Sandy soil in savanna; C: Fruit of Clitandra cymulosa; 
D: Climbing habit of Landolphia owariensis; E: Tristemma mauritianum; F: Swampy habitat near river; G: Fruit of Oncoba welwitschii; H: Forest-
savanna mosaic.
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fresh material are most likely to be higher than the concentrations 
determined in the sampled material. In addition, the effects of freeze-
drying must be considered when interpreting the obtained results. In 
general, the protein content of the studied leafy vegetable is higher 
than that of examined fruits (Tab. 2). Vitamin C was quantified in 
all analyzed plants, as it is abundant in fruits and leafy vegetables. 
Vitamin B1 and B2 were found in the majority of samples (10/14; 
8/14), whereas Vitamin E was only detected in 7 samples. Beta 
carotene was rarely found (3/14), although it plays a pivotal role 
combating the predominant vitamin A deficiency within the country.

Proteins and their composition
The highest protein content (14.9% d.m.) was found for leaves of 
Piper umbellatum (Tab. 2). In comparison to other leafy vegetables 
from South Africa this content is one of the lower values (SchönFeldt 
and pretoriuS, 2011). Rich in proteins are the fruit pulps of 

Oncoba welwitschii (9.1% d.m.) and Pseudospondias microcarpa 
(6.8% d.m.). The protein content of the fresh pulps from those 
fruits (4.7% f.w. and 3.9% f.w.) is higher than those of commonly 
consumed fruits (banana: 1.3% f.w.; baobab 1.4% f.w.; mango: 0.4% 
f.w..) (FAO, 2020).
To examine the nutritional value of the proteins the amino acid 
concentrations were quantified and classified according to their 
physiological role (indispensable amino acids Tab. 2, dispensable 
amino acids Annex, Tab. 5). The largest share of amino acids accounts 
for the sum of Glu/Gln and Asp/Asn (Annex, Tab. 5). Natural fruits 
and vegetables from Tropical Africa are seldom analyzed for their 
amino acid composition, obtained results were therefore compared 
to recommended amino acid intakes for the human nutrition (World 
health organization, 2007). Food proteins (e.g. animal proteins, 
legumes, root crops) are often lacking the indispensable amino acids 
of lysine and branched-chain amino acids (Leu, Ile, Val) (World 
health organization, 2007). For leucine all examined plant 

Tab. 1:  Analyzed plant species sorted by plant family, scientific and vernacular name in Bantu language Kikongo, voucher number according to the Herbarium 
Dresdense; consumed and analyzed plant part; growth form and habitat; Natural geographic distribution: CA = Central Africa; EA = East Africa; 
MAM = Middle America; NA =North Africa; SA = Southern Africa; SAM = South America; SEA = South East Asia; WA = Western Africa

Plant species Plant part Growth form Habitat Geographic distribution

Anacardiaceae 
Pseudospondias microcarpa (A.Rich.) Engl.;  Fruit without seeds Tree Secondary forest,  CA, EA, NA, WA
Kisantu; DR 067254   transition zone

Apocynaceae
Clitandra cymulosa Benth.; Menga menga;  Pulp without seeds Liana Forest,  CA, EA, WA
DR 056600   transition zone
Landolphia buchananii (Hallier f.) Stapf;  Pulp without seeds Liana Forest CA, EA, NA, WA 
Makonge, Maboke; DR 056596, DR 056597
Landolphia lanceolata (K. Schum.) Pichon;  Pulp without seeds Subshrub Sandy soil in savanna CA
Mata; DR 056634
Landolphia owariensis P. Beauv.;  Pulp without seeds Liana Forest,  CA, EA, NA, WA 
Makonge; DR 056602   transition zone

Chrysobalanaceae
Parinari capensis Harv.; Kia, Salanka;  Fruit without seed Shrub Sandy soil in savanna CA, EA, SA
DR 056615

Melastomataceae
Tristemma mauritianum J. F. Gmel.;  Whole fruit Herb Swampy forest CA, EA, NA, WA
Mankondo ma mfinda;
DR 056628, DR 056629, DR 056630

Piperaceae
Piper umbellatum L.; Lemba kia mfinda; 
DR 063744 Leaves Climber Forest, Transition zone MAM, SAM

Phyllanthaceae
Antidesma venosum E. Mey. ex Tul.;  Whole fruit Tree Savanna CA, EA, NA, SA, WA, SEA
Muidu; DR 067335 

Salicaceae
Oncoba welwitschii Oliv.; Mbamba,  Pulp without seeds Tree Forest, transition zone CA, EA, WA
Mandanga; PH_4752 

Vitaceae
Vitex madiensis subsp. madiensis;  Fruit without seeds Shrub, tree Savanna CA, EA, NA, WA 
Mfilo; DR 063748

Zingiberaceae
Aframomum alboviolaceum (Ridl.) K. Schum.;  Pulp without seeds Herb Savanna CA, EA, NA, WA
Gingenga da savanna, Matzunja; DR 063746
Aframomum angustifolium (Sonn.) K. Schum.;  Pulp without seeds Herb Wet places,  CA, EA, NA, WA
Matsatsa, Mansasa, Imbutua; DR 063745   forest riverine
Aframomum giganteum (Oliv. & D.Hanb.)  Pulp without seeds Herb Forest, transition zone CA
K.Schum.; Mapodia; DR 063747
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species meet the recommendations of the WHO, except the fruit 
pulp of Pseudospondias microcarpa which only covers 89% of the 
recommended intake per 100 g protein. As the amount of all other 
indispensable amino acids per 100 g protein of P. microcarpa fruit 
fulfill the recommended amounts, leucine can be categorized as 
limited amino acid for this protein (Tab. 2).
Fruits from Antidesma venosum and Oncoba welwitschii are 
convenient leucine suppliers, covering 146% or respectively 141% 
of the recommendation. Those two species are further convenient 
sources for the often-lacking amino acids isoleucine and valine 
(Tab. 2). Fruits of Vitex madiensis subsp. madiensis can further help 
to enhance the sum of incorporated leucine, isoleucine and valine 
exceeding the recommended amounts of these acids per 100 g/protein 
(covering 130%, 164%, 155% respectively). Although the majority  
of analyzed food proteins from Angolan plants meet the human 
demand for indispensable amino acids, lysine was found to be the 
limited amino acid in the fruit pulp of Aframomum angustifolium 
(covering 84% of the requirement), in fruits of Tristemma mauritianum 
(covering 77%) and Vitex madiensis subsp. madiensis (covering 
90%). The contents of cysteine, methionine and tryptophan were due 
to the analytical method not discussed in detail.

Water-soluble vitamins: B1, B2 and C
The water-soluble vitamin B1 could be quantified in ten of the 14 
analyzed plants (Tab. 3). In fruits from Tristemma mauritianum 
vitamin B1 could not be determined. Rich in thiamine are the fruit  
pulp of Aframomum angustifolium (0.75 ± 0.01 mg/100g d.m.),  
Oncoba welwitschii (0.55 ± 0.01 mg/100 g d.m.) and Clitandra cy-
mulosa (0.41 ± 0.2 mg/100 g d.m.) (Tab. 3). Compared to introduced 
fruit crops (0.03 mg/100 g f.w. B1 in mango and banana) their high 
contents seem to be of outstanding nutritional value (A. angustifolium 
0.39 mg/100 g f.w.; O. welwitschii 0.30 mg/100 g f.w.; C. cymulosa 
0.26 mg/100 g f.w.) (FAO, 2020). However, the obtained contents 
have to be confirmed on fresh plant material to specify their nutri-
tional value. Leaves of Piper umbellatum (0.36 ± 0.1 mg/100 g d.m.) 
are further high in vitamin B1 compared to other leafy vegetables 
of this region (lautenSchläger et al., 2021). The contribution of 
leaves from this species to the human thiamine requirement needs to 
be studied in the processed, cooked form due to the heat sensitive and 
water-soluble characteristics of vitamin B1.
As the WHO recommends a daily intake of 1.2 mg vitamin B1/day 
the consumption of plant products from Aframomum alboviolaceum, 
Aframomum angustifolium, Antidesma venosum, Clitandra cymu- 

Tab. 2:  Major nutrients of analyzed plant species: moisture and protein content on 100 g dry matter basis; indispensable amino acids: Thr = threonine; 
Val = valine; Ile = isoleucine; Leu = leucine; His = histidine; Tyr = tyrosine; Phe = phenylalanine; Lys = lysine in g/100 g protein and amino acid 
requirements according to the (World health organization, 2007), amino acid contents not covering the recommendations of the WHO are 
highlighted in bold.

 Major nutrients    Indispensable amino acids
 [g/100 g]      [g/100 g protein]
Plant species Moisture Protein Thr Val Ile Leu His Tyr Phe Phe+ Tyr Lys

Aframomum 63.5 3.1 3.5 5.2 4.2 7.1 3.2 3.5 4.6 8.0 5.7
alboviolaceum
Aframomum 48.5 2.6 3.5 4.4 3.6 6.4 4.8 4.7 3.8 8.4 3.8
angustifolium
Aframomum 55.7 3.2 3.8 5.2 4.0 7.5 3.6 3.2 4.3 7.5 4.6
giganteum
Antidesma 45.8 1.7 4.6 5.7 5.2 8.6 2.7 2.7 5.4 8.1 7.1
venosum
Clitandra 37.2 4.3 3.5 4.5 3.8 6.5 2.1 2.8 4.1 6.8 5.7
cymulosa
Landolphia 52.9 2.8 3.4 4.6 4.0 6.7 2.5 2.8 4.1 6.9 5.7
buchananii
Landolphia 56.9 1.8 3.4 4.3 4.0 6.6 2.6 1.9 4.1 5.9 6.0
lanceolata
Landolphia 22.4 1.1 3.9 5.2 4.4 7.5 3.1 1.1 4.4 5.5 6.8
owariensis
Oncoba 47.7 9.1 4.5 5.9 4.8 8.3 2.7 6.8 5.1 12.0 5.4
welwitschii
Parinari 62.3 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
capensis
Piper 74.0 14.9 4.2 4.9 4.1 7.2 2.2 3.8 5.3 9.1 5.7
umbellatum
Pseudospondias 42.5 6.8 3.4 4.0 3.2 5.2 2.3 1.9 3.5 5.4 5.2
microcarpa
Tristemma 47.4 2.1 3.1 4.3 3.7 6.7 2.2 2.1 5.1 7.2 3.5
mauritianum
Vitex madiensis 62.1 1.2 4.6 6.0 4.9 7.6 2.2 2.8 5.2 8.0 4.1
subsp. madiensis

Amino acid requirement    2.3 3.9 3.0 5.9 1.5   3.8 4.5 
per 100 g protein
(WORLD HEALTH 
ORGANIZATION, 2007)
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losa, Landolphia buchananii, Landolphia lanceolata, Landolphia  
owariensis, Oncoba welwitschii, Piper umbellatum or Pseudospon-
dias microcarpa can help to cover the human thiamine requirement 
and prevent deficiency (Tab. 3).
Vitamin B2 could be quantified in eight plants. A high content exhibits 
the analyzed fruit pulp of Oncoba welwitschii (6.12 ± 0.01 mg/100 g 
d.m.). Comparing to frequent ingested fruits from Asia their content 
is up to 100-times higher, presenting a promising vitamin B2 supplier 
(FAO, 2020). However, the incorporated amount of riboflavin has to 
be studied in detail as only teeny portions of O. welwitschii are con-
sumed when seasoning (fruit in Fig. 1G). The recommended intake of 
vitamin B2 (1.3 mg/day) can be met by fruits from Landolphia owa- 
riensis (0.7 mg/100 g f.w.) or Clitandra cymulosa (0.14 mg/100 g 
f.w.) regularly in to the diet (WHO and FAO, 2004).
All examined plant species had a detectable vitamin C content, 
whereby the content in fruits of Antidesma venosum was not quan-
tifiable. Tab. 3 therefore quotes the vitamin C content of A. venosum 
exceeding 150 mg/100 g d.m., presenting together with Tristem-
ma mauritianum (176.7 ± 34.3 mg/100 g d.m.), Piper umbellatum 
(167.2 ± 21.3 mg/100 g d.m.) and Pseudospondias microcarpa 
(155.7 ± 14.3 mg/100 g d.m.) the maximum contents of ascorbic acid 
determined. Their values are higher compared to commonly con-
sumed ripe mangos (35 mg/100 g f.w.), but still lower than those con-
tents of commercial utilized baobab and guava, some of the richest 
vitamin C sources cultivated in Africa (251 and 268 mg/100 g f.w.) 
(FAO, 2020).

red colored fruits of A. venosum are consumed raw, leaves of P. um-
bellatum cooked. The content of beta-carotene has to be analyzed 
in the processed leaves as food preparation in general can diminish 
the provitamin A content (Booth et al., 1992). All other examined  
species have a beta-carotene content below the LOD, Annex Tab. 6. 
As freeze-drying, storage and handling affect the beta-carotene con-
tent, additional fresh plant material, even of those plants where no 
beta-carotene could be found, have to be analyzed. The maturity of 
fruits also has a direct influence on the retinol activity equivalent, so 
more detailed data are needed.
For seven plant species vitamin E could be calculated and contents 
ranging from 0.51 mg/100 g d.m. (Landolphia buchananii) up to 
17.9 mg/100 g d.m. (Piper umbellatum) were determined (Tab. 4). 
Commonly consumed plant products as banana, mango or leaves of 
cassava are low in vitamin E (0.28 mg/100 g f.w.; 0.99 mg/100 g 
f.w.; 0.42 mg/100 g f.w.) (FAO, 2020). Only dried leaves of Vigna un-
guiculata (cowpea) (21 mg/100 g d.m.) show contents in a similar 
range of those obtained for P. umbellatum (FAO, 2020). Thus, all of 
the studied plants with determinable vitamin E contents appear to be 
promising food crops for diversification and fortification of the local 
human diet (Tab. 4). Species where no Vitamin E was found are listed 
with their specific LOD.

Tab. 3:  Content of water soluble vitamins B1, B2 and C of analyzed plant spe-
cies; means calculated for 100 g dry matter ± SD; ~ B1 and B2 values 
analyzed according to haSiMoglu and ghodke, 2018; rest according 
to Bognar, 1992 and oguntoyinBo et al., 2016; * content of one 
analysis due to limited sample weight; n.d. = not determinable.

Plant species Vitamin B1  Vitamin B2 Vitamin C 
  [mg/100g] [mg/100g] [mg/100g]

Aframomum alboviolaceum 0.25 ± 0.01 0.10 ± 0.01 85.9 ± 7.2
Aframomum angustifolium 0.75 ± 0.01 0.18 ± 0.01 64.3 ± 11.3
Aframomum giganteum ~LOD (< 0.04) ~LOD (< 0.06) 71.2 ± 8.8
Antidesma venosum 0.07 ± 0.01 *0.07 > 150
Clitandra cymulosa 0.41 ± 0.02 0.22 ± 0.3 29.0 ± 3.7
Landolphia buchananii 0.20 ± 0.01 0.08 ± 0.01 106.8 ± 16.8
Landolphia lanceolata 0.08 ± 0.01 LOQ (< 0.08) 34.9 ± 10.5
Landolphia owariensis ~0.38 ± 0.04 ~0.83 ± 0.07 31.2 ± 17.0
Oncoba welwitschii 0.55 ± 0.01 6.12 ± 0.01 119.8 ± 15.5
Parinari capensis ~LOD (< 0.1) ~LOD (< 0.16) 16.7 ± 2.6
Piper umbellatum 0.36 ± 0.01 0.77 ± 0.07 167.2 ± 21.3
Pseudospondias microcarpa 0.26 ± 0.01 LOQ (< 0.08) 155.7 ± 14.3
Tristemma mauritianum n.d. n.d. 176.7 ± 34.3
Vitex madiensis LOQ (< 0.06) LOQ (< 0.08) 63.1 ± 1.7
subsp. madiensis

Fat soluble (pro)vitamins: beta-carotene and vitamin E
Beta-carotene could be quantified in three out of the 14 analyzed  
plant  species (Parinari capensis 3.8 ± 0.37 mg/100 g d.m.; Piper um- 
bellatum 1.68 ± 0.32 mg/100 g d.m.; Antidesma venosum 
0.07 ± 0.02 mg/100 g d.m.). The retinol activity equivalent (RAE), 
calculated by conversion of 12 μg/g trans-beta-carotene to 1 RAE, 
of the mature yellow fruits from P. capensis (0.12 mg RAE/100 g 
f.w.) are higher than those of most known edible fruits (yeuM and 
ruSSell, 2002). Only ripe banana and mango have similar contents 
(0.12 mg RAE/100 g f.w.; 0.36 mg RAE/100 g f.w.) (FAO, 2020). 
The intense yellow fruits of P. capensis and the in course of ripening 

Tab. 4: Content of vitamin E of analyzed plant species, means calculated for 
100 g dry matter ± SD.

Plant species Vitamin E [mg/100 g]

Aframomum alboviolaceum LOD (< 0.05) 
Aframomum angustifolium LOD (< 0.04)
Aframomum giganteum LOD (< 0.04)
Antidesma venosum 3.22 ± 0.42
Clitandra cymulosa 1.05 ± 0.02
Landolphia buchananii 0.51 ± 0.22
Landolphia lanceolata 0.63 ± 0.08
Landolphia owariensis LOD (< 0.09)
Oncoba welwitschii LOD (< 0.04)
Parinari capensis 3.34 ± 0.50
Piper umbellatum 17.89 ± 2.70
Pseudospondias microcarpa LOD (< 0.09)
Tristemma mauritianum LOD (< 0.09)
Vitex madiensis subsp. madiensis LOD (< 0.03)

Discussion
As each analyzed plant species is adopted to their respective growing 
conditions and the nutritional value of the examined plant parts are 
diverse, the results in the upcoming discussion are arranged according 
to the particular plant families. The obtained contents of macro-and 
micronutrients are set into context to the specific plant characteristics 
and compared to previous references, obtaining a comprehensive 
plant profile.
Although more data, especially concerning the vitamin analyses, are 
needed to accurately determine the nutritional value of the examined 
plants, this study identifies the fruit pulp of Oncoba welwitschii as 
of particular interest. The intense orange pulp (Fig. 1G) is rich in 
proteins and covers the WHO-requirements of all indispensable 
amino acids (except Cys, Met and Trp which were excluded in this 
study). The consumption of O. welwitschii is further beneficial as it 
contains high amounts of vitamin B1 and B2. The red-colored fruits of 
Antidesma venosum contain the highly required provitamin A. They 
seem to have an additional high content of Vitamin C, necessitating a 
verification by the utilization of other methods and/or the separation 
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of interfering signals. As Parinari capensis exhibits a high beta-
carotene content, fruits of this species should be incorporated into 
the human nutrition combating the prevalent vitamin A deficiency. 
Leaves of Piper umbellatum are higher in vitamin B1 than commonly 
consumed fruits, requiring a comprehensive analysis of food 
preparation methods. Vitamins are vulnerable to external influences 
and concentrations depend on the maturity of fruits. As all plant 
material was collected in Angola, freeze-dried on-site and transported 
for analysis to Germany, vitamins were at particular risk to be affected. 
Additional collections and analyses are therefore needed to confirm 
the obtained results of this study. Even during maturity, the vitamin 
content of fruits can vary and the obtained data therefore only present 
a first insight into the nutritive potential of the specific plant species 
from Africa, guiding towards a more specific analysis in future.

Anacardiaceae: Pseudospondias microcarpa
Pseudospondias microcarpa is a tree of the forest and transition 
zones, bearing sweet, plum-like fruits (voucher and image). Various 
phytochemical studies of the leaves, fruit and bark are already done 
as for example focusing on phenolic compounds, anticonvulsant 
activity, or essential oils (adongo et al., 2017; BaBouongolo et 
al., 2021; guetchueng et al., 2020). The pulp is rich in proteins 
(6.8% d.m.) but yet leucine is the limiting amino acid for nutrition. 
The fruits of P. microcarpa are rich in vitamin C (90 mg/100 g f.w.), 
exceeding contents of common cultivated fruits as mango or banana 
(FAO, 2020). Comparative analyses of P. microcarpa from the Ivory 
Coast (12.5 mg/100 g f.w.) and P. longifolia (36.3 mg/100 g f.w.) from 
Gabon determined lower vitamin C contents, directly depending on 
the ripeness of the analyzed fruits (Fungo et al., 2019; herzog et al., 
1994). The determined vitamin B1 content is confirmed by previous 
studies (0.15 mg/100 g f.w.) (herzog et al., 1994). First cultivation 
trials are implemented in Gabon, needing extensive continuation and 
adaption to other African regions (ndoutouMou et al., 2013).

Apocynaceae: Genera Clitandra and Landolphia
The distribution of the genus Landolphia with its 63 accepted species 
and the relative Clitandra cymulosa is restricted to Africa and 
Madagascar (perSoon et al., 1992). Unarmed, large lianas form the 
majority of phenotypes for these genera with a useful latex. Fruits 
are harvested for their almost sweet, edible pulp. L. owariensis is 
the most widespread of the genus having diverse utilization patterns 
and various studies focusing on the ingredients of its different plant 
parts (nWaogu et al,. 2007; odoh and agBachi, 2020; okonkWo 
and oSadeBe, 2013; perSoon et al., 1992). Nutritive analyses are the 
minority and comprehensive data about the pulp are lacking. herzog 
et al. (1994) studied mineral and vitamin contents of the fruits of 
L. owariensis. However, analyses were conducted for the whole 
fruit according to their use by locals of the Ivory Coast (herzog 
et al., 1994). The informants of this study solely consume the pulp, 
which led to the analysis of only this part. The protein content of 
L. owariensis is similar to already published values (0.9 mg/100 g  
f.w.) and exceeds previous contents of riboflavin and vitamin C 
(0.7 mg/100g f.w.; 24 mg/100g f.w.) (Favier et al., 1993; herzog 
et al., 1994).
Another climbing liana with difficult reachable fruits (up to 40 m 
height) is L. buchananii. Although it has a similar wide distribution 
as L. owariensis, nutritional and pharmaceutical studies of the pulp 
are lacking (only stem bark analyzed) (nthiga et al., 2016). The pulp 
is a suitable supplement covering the vitamin C and E requirement 
(50 mg/100 g f.w.; 0.24 mg/100 g f.w.).
L. lanceolata grows as a rhizomatous shrub on sandy, acidic soils 
in open terrain (BauMgärtel et al., 2022b). Fruits are easily 
obtained and often found on local markets (MaWunu et al., 2020; 
perSoon et al., 1992). The fruits are particularly sweet and delicious, 

containing vitamin B1, C and E (0.03 mg/100 g f.w.; 15 mg/100 g 
f.w.; 0.27 mg/100 g f.w.). The species has a narrow distribution area, 
occurring only in Angola and the D.R. Congo. It is a valuable crop 
for the Angolan population utilizing barren, open vegetation sites 
(BauMgärtel et al., 2022b).
This study presents the first nutritional data for the liana C. cymulosa 
(Fig. 1C), containing a pulp which is rich in proteins, vitamin B1 
and C (2.7 g/100 g f.w.; 0.26 mg/100 g f.w.; 0.66 mg/100 g f.w.)  
(Fig. 1C).
Although fruits and rubber of the genera Landolphia and Clitandra 
are sold on local markets, cultivation data are sparse, in part because 
of complex growing conditions. Plants with up to 200 fruits, its 
multiple utilization properties and growth on local conditions make 
them an extremely suitable genera as a food crop for the Angolan 
population (national reSearch council, 2008). It is assumed that 
a well-organized cultivation of plants and the in-situ conservation 
of existing populations can contribute to a nutritional and economic 
well-being of the rural population (national reSearch council, 
2008).

Chrysobalanaceae: Parinari capensis
Many species of the family Chrysobalanaceae bear sweet, edible 
drupes as the studied geoxylic shrub Parinari capensis (Fig. 1A). 
Six species of the genus Parinari are known for Africa, several 
with high local economic and nutritional importance (prance and 
White, 1988). Nevertheless, data about the fleshy pulp of the whole 
genus are missing, available are only selected nutritive properties for 
P. curatellifolia (Benhura et al., 2012; MuchuWeti et al., 2013). 
P. capensis, known for its delicious fruits, were already examined 
for antimalarial effects, flavonoids and diterpene lactones (coradin  
et al., 1985; garo et al., 1997; national reSearch council, 2008; 
uyS et al,. 2002). The fruit is of special nutritional value due to its 
high beta-carotene content (121 μg RAE/100 g f.w.), comparable to 
those of conventional banana (119 μg RAE/100 g f.w.) (FAO, 2020). 
As vitamin A deficiency is still a serious problem and fruits are the 
main provitamin A source in Africa, the integration of P. capensis 
into the nutrition seem to have positive effects (codjia, 2001). 
Especially children and pregnant/lactating women can profit from the 
consumption of those fruits (WHO and FAO, 2004). In South Africa 
fruits of P. capensis are already utilized for the production of syrup 
and further preservation methods as sun-drying have to be analyzed 
in detail, in regards of their effects on the vitamin content (Shai  
et al., 2020). A commercialization of the species is not known, or at  
the most done on regional level. However, the sale seems to be 
lucrative due to its high nutritional value and convenient sales 
increase to the capital Luanda (heinze et al., 2019).

Euphorbiaceae: Antidesma venosum
The reddish, dark purple fruits of Antidesma venosum are widespread 
around Africa. Extensive phytochemical studies of the root and 
bark were already performed (FaWole et al., 2009; MWangoMo 
et al., 2012; SteenkaMp et al., 2009). To our knowledge only one 
study analyzed the nutritional composition of the fruits, focusing on 
macronutrients (WilSon and doWnS, 2012). Fruits of A. venosum 
contain all studied vitamins and provitamins and are thus of special 
nutritional value. Their vitamin C content was not quantifiable, need- 
ing additional methods and analyses. However, their high vita- 
min E content is convenient (1.74 mg/100 g f.w.) and fruits further 
supply highly needed beta carotene. The amino acid composition is 
advantageously, exceeding the recommendations of the WHO for the 
respective amounts of indispensable amino acids per 100 g protein 
(World health organization, 2007). The consumption of fruits 
from A. venosum seem to have diverse positive health effects and 
juice or jam are valuable plant products derived from this genus 
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(hardinaSinta et al., 2020). Further, the tree is known to produce 
fruits during drought, being a promising crop for these periods of 
food shortage (Shackleton et al., 2000).

Lamiaceae: Vitex madiensis subsp. madiensis
Many species of the large genus Vitex (> 250 species) are used in 
traditional medicine, around 70 species bear edible fruits (Moke 
et al., 2018). The studied species Vitex madiensis subsp. madiensis 
grows on sandy soil in the savanna as a shrub with a massive sub- 
terranean woody rootstock (BauMgärtel et al., 2022b). The purp- 
lish black drupes are in general low in vitamins, containing solely 
vitamin C (24 mg/100 g f.w.). Previous nutritional analyses lack 
for V. madiensis, wherefor a comparison is made to V. doniana. 
According to different publications the ascorbic acid of V. doniana 
fruits varies from 1-20 mg/100 g f.w., ranking the obtained content of 
V. madiensis on the upper range (FAO, 2020). Vitamins B1 and B2 were 
determined in V. doniana, necessitating more data for V. madiensis 
subsp. madiensis (FAO, 2020; herzog et al., 1994). As salesmen of 
Vitex spp. from Cameroon generate a high income (up to 1800 US$ 
in 7 months) selling “chocolate berries” this genus is a suitable crop 
for alternative income (MapongMetSeM et al., 2012). Preservation 
methods have to be analyzed in detail as syrup or marmalade is made 
out of the fruits of Vitex spp. in some regions (Moke et al., 2018). 
Cultivation trials of V. madiensis are also promising, as the species is 
fruiting every year and is easily propagated, thus recommended for 
agroforestry programs (MapongMetSeM, 2006).

Melastomataceae: Tristemma mauritianum
Tristemma mauritianum is an abundant perennial herb in Africa, 
inhabiting humid habitats (Fig. 1E). The fruits of this species are a 
well-known snack among the different African populations with 
a high iron content (BauMgärtel et al., 2022a; naBatanzi and 
nakaleMBe, 2016; nSengiMana et al., 2020). The determined 
vitamin C content is lower than previously published results from 
Ethiopia (94-137 mg/100 g f.w.) (aragaW et al., 2021). As the 
species is known to accumulate aluminum in leaves, it can be used 
for cultivation on acidic, shady locations with high plant-available  
Al and Mn (BauMgärtel et al., 2022b). The specific signals of vita- 
mins B1 and B2 could not clearly be separated, needing more analyses 
of fresh material precising the obtained results.

Piperaceae: Piper umbellatum
Piper umbellatum is a perennial climber, introduced from Tropical 
America and utilized in over 24 countries across three continents 
(roerSch, 2010). Among the different occurrences 94 different 
medical applications are reported and various pharmacological stu- 
dies were performed (roerSch, 2010). The vitamin C content of the 
examined leaves, used similar to spinach, are in the same range as 
samples from Nigeria (167 mg/100 g d.m.; Nigeria: 181 mg/100 g  
d.m.) (MenSah et al., 2008). The ascorbic acid content is further 
comparable to those of Gnetum africanum, exceeding those of other 
common leafy vegetables as Dracaena camerooniana or cassava 
(FAO, 2020; lautenSchläger et al., 2021). Leaves of P. umbella-
tum further contain beta-carotene, vitamin B1, B2, E and can there-
fore be regarded as a nutritional source with high quality, although 
prepared leaves have to be analyzed in detail due to the sensitivity 
of selected vitamins. Leaves of P. umbellatum are rich in vitamin E 
and can thus serve as an alternative for the main vitamin E supplier 
peanuts (Schneider, 2005). The determined protein content is in the 
same range to previous studies and other commonly consumed leafy 
vegetables (3.9 mg/100 g f.w.) (MenSah et al., 2008; SchönFeldt 
and pretoriuS, 2011).

Salicaceae: Oncoba welwitschii
Oncoba welwitschii is a small tree/shrub of the forest and adjacent 
transition zones, characterized by its ornamental white flowers and 
fruits with slender spines (Fig. 1G). The tree is very common in 
secondary forests and appreciated by the local population as a host 
tree for caterpillars, a source of fuel wood and charcoal, for the 
consumption of the fruit pulp, the gathering of honey and diverse 
pharmaceutical applications (lathaM and konda ku MButa, 2014; 
peltier et al., 2014). Nearly all parts of the species are utilized 
and yet screenings of alkaloids, cyanides, phytochemicals and anti-
inflammatory properties were performed, lacking nutritional analysis 
completely (Bondjengo et al., 2017; lautenSchläger et al., 2018; 
poMperMaier et al., 2018; rick-léonid et al., 2007). The pulp is  
high in vitamin B1, B2 and E (0.3 mg/100 g f.w.; 3.2 mg/100 g f.w., 
2.1 mg/100 g f.w.) exceeding contents of commonly consumed 
fruits (FAO, 2020). As a high Vitamin E uptake lowers the risk for 
cardiovascular diseases, the consumption of the pulp seems to have 
positive health effects (WHO and FAO, 2004). In Africa, especially 
Angola, peanuts and products made of them serve as main vitamin 
E supplier (8.5 mg/100 g d.m.), which can be supplemented by the 
consumption of O. welwitschii (FAO, 2020; Schneider, 2005). The 
pulp further contains high quality protein with convenient proportions 
of Thr, Val, Ile and Leu. An assisted natural regeneration trial from 
the D.R. Congo identified O. welwitschii as fast growing and suitable 
crop for the regeneration of disturbed areas, especially due to its 
manifold utilization patterns (peltier et al., 2014).

Zingiberaceae: Genus Aframomum
Perennial herbs with extensive rhizome systems and medicinal as 
well as nutritional valuable fruits are the main characteristics for 
plants of the genus Aframomum. Over 60 species are accepted, oc-
curring in Africa from Senegal over Sudan up to Mozambique  
(harriS and Wortley, 2018). For Angola only ten species are 
known (Figueiredo and SMith, 2008; harriS and Wortley, 2018). 
The seeds of the genus are utilized in a similar manner as pepper, 
whereas the pulp is of nutritional value. The fruits of Aframomum 
spp. are sold on national and international scale, contributing to the 
household income in rural areas of Angola and adjacent regions 
(knipperS et al., 2021; kyayeSiMira et al., 2019). Among the spe-
cies analyzed in this study A. alboviolaceum is the most studied 
plant. Diverse phytochemical, anthelmintic and antimicrobial studies 
are already conducted for the roots and fruits of this plant as well as 
for A. angustifolium (acipa et al., 2013; aSeMave and ode, 2018;  
Bongo et al., 2017; kyayeSiMira et al., 2019; Merveille et al., 2021; 
tSiBa et al., 2020). Nutritional analyses are the minority, examining 
mostly the mineral content of the fruit in general (acipa et al., 2013;  
BauMgärtel et al., 2022a; joSiane et al., 2019). According to the 
consumer habits of the informants only the nutritional relevant pulp 
of the fruit was analyzed, whereas the whole fruit of A. alboviola-
ceum from the Ivory Coast was already studied for their vitamin con-
tent (herzog et al., 1994). The protein, vitamin B1 and B2 content 
of the extracted pulp is lower than of the whole fruit (herzog et al., 
1994; joSiane et al., 2019). However, the Vitamin C content of ana-
lyzed A. alboviolaceum (31.8 mg/100g f.w.) is higher than those of 
the Ivory Coast (2.5 mg/100g f.w.), explainable by the difference of 
analyzed plant part (pulp vs. whole fruit), time until analysis, studied  
part, preparation or storage (herzog et al., 1994). Further, endo- 
genous and exogenous factors as ripeness, location and growth con- 
ditions influence the vitamin content of each analyzed fruit.
Data about the amino acid composition lack for all examined species 
of Aframomum. In particular nutritional data lack for the rare species 
A. giganteum. As the pulp of this species supplies over 130% of the 
daily requirements for Ile and Leu, its integration in the diet could 
have positive effects (FAO, 2020). Cultivation of Aframomum spp. 
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seems to be lucrative for the local population as the plant is fast 
yielding, bear piquant seeds, a sweet pulp and fruits are demanded on 
national and international scale (heinze et al., 2019; knipperS et al., 
2021; kyayeSiMira et al., 2019).
The obtained vitamin and amino acid profiles are a landmark ad-
dressing further investigations and dietary recommendations. The 
dietary protein uptake of developing countries is still low, resulting 
in persistent undernutrition (SchönFeldt and hall, 2012). Pari-
nari capensis was found to be rich in beta-carotene and can help to 
combat vitamin A deficiency. As cost and logistic intensive vitamin 
supplements are far from being effective, alternative sources for  
micronutrients are needed (UNICEF, 2019). The orange fruit pulp of 
the spiny fruits from Oncoba welwitschii are of particular nutritional 
value. However, the respective vitamin contents have to be set into 
the context to the manner of consumption as storage, food preparation 
and transport have direct effects on the vitamin contents. The treat-
ment (freeze-drying, transport, storage) of the analyzed plant material 
hence influenced the vitamin contents and additional analyses verify-
ing the obtained results are needed. Vitamin uptake also varies within 
the course of the year due to the seasonality of many fruits. Several 
vitamin C rich fruits as baobab or mango mainly fruit at the beginning 
of the rainy season, necessitating supplementary food products for 
the rest of the year. Although health benefits consuming the analyzed 
plants are expected, antinutrient factors and toxicity trials have to be 
conducted in the future.
Cultivation trials, reforestation and sustainable utilization methods 
have to be intensified, integrating participants of the local population 
and government. They have an extensive knowledge handling the 
examined species and know the specific growing conditions. The 
examined fruits have a beneficial nutritional profile and constitute 
suitable alternatives to common cultivated crops as banana or 
mango. Monocropping can be prevented cultivating a mixture of 
the plants investigated in this study. Trees as Oncoba welwitschii or 
Antidesma venosum with nutritious fruits are suitable for disturbed 
transition zones, whereas Parinari capensis or Landolphia lanceolata 
can be grown as undergrowth on sandy soils. The importance of the 
selected plant species as nutritional source or alternative income 
opportunity have to be clearly communicated.
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Table 5: Dispensable amino acids of analyzed plant species: Asp = aspartic acid; 793 
Ser = serine; Glu = glutamic acid; Gly = glycine; Ala = alanine; Arg = arginine; 794 
Pro = proline and Cys = cysteine; Met = methionine in g/100g protein. 795 

Plant species 
Dispensable amino acids 

[g/100 g protein] 
Asp Ser Glu Gly Ala Cys Met Arg Pro 

Aframomum 
alboviolaceum 9.0 2.5 12.8 4.1 5.5 0.5 0.8 5.7 3.9 

Aframomum 
angustifolium. 

9.9 2.9 12.7 4.0 4.9 0.4 0.7 6.5 3.6 

Aframomum giganteum 10.6 2.8 15.9 4.3 5.1 0.5 1.1 5.9 3.7 
Antidesma venosum 10.7 4.2 16.5 5.1 5.7 0.4 1.0 7.0 6.3 
Clitandra cymulosa 14.2 3.0 10.4 4.7 5.2 0.5 0.6 5.3 3.8 
Landolphia buchananii 11.1 2.3 14.2 3.8 4.7 0.4 1.0 4.2 3.9 
Landolphia lanceolata 10.0 3.8 16.0 4.6 4.6 0.2 1.0 4.2 3.6 
Landolphia owariensis 11.2 3.1 10.8 4.3 4.7 0.1 1.3 4.4 4.2 
Oncoba welwitschii 7.3 4.1 9.3 3.9 4.4 0.3 0.6 11.3 4.9 
Parinari capensis n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Piper umbellatum 8.5 3.6 10.0 4.1 4.6 0.4 0.7 5.5 4.6 
Pseudospondias 
microcarpa 12.0 3.3 17.8 3.3 14.3 0.6 0.9 4.0 4.0 

Tristemma mauritianum 8.9 3.1 16.2 4.9 3.5 0.5 1.2 10.4 3.3 
Vitex madiensis subsp. 
madiensis 11.1 4.5 10.3 5.3 5.3 0.2 1.1 5.1 5.2 

 796 
 797 

 798 

Table 6: Content of beta-carotene for the analyzed plant species, means calculated for 100 g 799 
dry matter ± SD. 800 

Plant species Beta-carotene [mg/100g] 
Aframomum alboviolaceum LOD (< 0.08) 
Aframomum angustifolium LOD (< 0.05) 
Aframomum giganteum LOD (< 0.06) 
Antidesma venosum 0.07 ± 0.02 
Clitandra cymulosa LOD (< 0.13) 
Landolphia buchananii LOD (< 0.07) 
Landolphia lanceolata LOD (< 0.09) 
Landolphia owariensis LOD (< 0.18) 
Oncoba welwitschii LOD (< 0.07) 
Parinari capensis 3.81 ± 0.37 
Piper umbellatum 1.68 ± 0.03 
Pseudospondias microcarpa LOD (< 0.18) 
Tristemma mauritianum LOD (< 0.18) 
Vitex madiensis subsp. madiensis LOD (< 0.16) 
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