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Abstract 
This research aims to valorize two wild species: Anisophyllea boehmii and 
Pycnanthus angolensis from Burundi forests. The antioxidant activities were 
estimated using 2, 2-diphenyl-b-picrylhydrazyl free radical scavenger and the 
reducing power assay whereas total polyphenolic (TPC), flavonoids (TFC), 
and condensed tannins (CTC) contents were examined by colorimetric meth-
ods. High-Performance Liquid Chromatography-Mass Spectrometry analysis 
revealed 14 phenolic compounds in A. boehmii seeds, and 11 were identified.  
Fifteen phenolic compounds were found in P. angolensis seeds; among them, 
12 compounds were identified. Proximate analysis revealed high contents of 
carbohydrates and proteins, respectively, 63.0% ± 4% and 24.1% ± 3% DM oil-
cake of A. boehmii, and 59.4% ± 2.4% and 25.6% ± 2.2% DM oilcake of P. ango-
lensis. Both species revealed TPCs and effectiveness antiradical (EA) very inter-
esting and they were respectively 874.97 ± 20.45 GAE/100g and 100 ± 5.6 
ml/µg·mim for A. boehmii while 1089.89 ± 293.40 GAE/100g and 13.3 ± 0.5 
ml/µg·mim were found in P. angolensis extract. This powerful antioxidant activ-
ity observed in both species may be due to the tannin compounds for A. boehmii 
and flavonoid compounds for P. angolensis. This study suggests that both spe-
cies analyzed may be a potentially source of natural antioxidants. 
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1. Introduction 

A. boehmii and P. Angolensis are respectively natives of Miombo woodland of 
sub-Saharan Africa [1] [2] and intertropical forests of Western and central Africa 
[3]-[5]. A. boehmii, family of Anisophylleaceae, and P. Angolensis, family of Myr-
taceae, bear fleshy fruits with seeds enclosed in a fragile shell. From the shapefile 
of the natural regions of Burundi, the automatically calculated geometry with 
arcMap 10.4.1 revealed distributions around 12,475 km2 for A. boehmii and 2513 
km2 for P. Angolensis. They are both wild plants, and only some trees left after 
clearing can be isolated in agricultural ecosystems. Both species are used as fire-
wood and wood for construction of cowsheds. They are considered as plants with 
no great value and are part of the neglected species. Locally, the pericarp from A. 
boehmii fruit is edible.  

Some previous investigations reported that they contain compounds of great 
interest. Extracts from all parts of P. Angolensis are characterized by different bi-
oactivities. Many reports suggested that its leaves extracts have anthelmintic and 
antimicrobial activities [6] while the bark extracts show antimalarial [3] [7], anti-
nociceptive, and antiulcer activities [8]. Tannin extracted from stem bark has been 
demonstrated to have a significant influence on the cellular physiology of human 
keratinocytes and dermal fibroblasts [4] while all flavonoids induce apoptosis in 
HuH-7 human hepatoma cells [9]. Furthermore, extract from stem bark and 
leaves is reported to have analgesic, hemostatic activities [10]; to treat hemor-
rhoids, jaunice, leprosy, and toothache [11] [12]; and to have anti-hemorrhagic 
and anti-rheumatic properties [13]. Regarding A. boehmii, almost no studies on 
its possible bioactivities were performed. Its bark infusion is reported to have an 
interesting antimalarial bioactivity [14]. Furthermore, [15] has reported to have 
property to protect against oil oxidation. 

Seeds from these two species were already investigated on their seed oil content: 
74% has been recorded in P. Angolensis [16] [17] and 29% in A. boehmii oils [16] 
[17]. While most of the studies were carried out on sensitive parts of the plant 
which may gradually leads to deforestation, the valorization of the seeds is an ef-
fective way of the preservation of the vegetal species and consequently constitutes 
one of the sustainable tools of the conservation and the protection of the environ-
ment. In addition to the primary metabolites found in seeds, they also contain 
valuable secondary metabolites, such as polyphenols [18]. 

While we observe that the diseases related to the oxidants increase in a worrying 
way [19]-[21], natural polyphenols from plants are reported to have powerful an-
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tiradical and antioxidant activities that enhance human health [22]-[25] and food 
quality [26] [27]. However, to the best of our knowledge, polyphenol from the seeds 
of these species has not been investigated. The beneficial effects of polyphenols on 
human health are not limited only to their antioxidant capacity. It has been sug-
gested that they are involved in treatment of autoimmune diseases [28]; in regu-
lating of ncRNAs to exert antitumor effects [29]; in treatment/prevention of cata-
racts, age-related macular degeneration, diabetic retinopathy and glaucoma [30]; 
in controlling of infectious diseases caused by oral microorganisms [31]; and in 
reducing the risk of hypothalamic inflammation, mitochondrial dysfunction, and 
neurodegeneration [32].  

The objectives of this study are: 1) the identification of the phenolic components 
from oilcake extracts using High-Performance Liquid Chromatography Mass 
Spectrometry (HPLC-MAS), 2) the evaluation of the antioxidant potential of seed 
extracts and 3) the estimation of proximate compounds of oilcake. This investiga-
tion will highlight nutritional and antioxidant potential of P. Angolensis and A. 
boehmii oilcakes, suggesting their functional food, cosmetic, pharmaceutical and 
nutraceutical domain uses.  

2. Materials and Methods 
2.1. Chemicals 

Chemicals such as: 2,2-Diphenyl-1-picrylhdrazyl (DPPH), methanol, ethanol, so-
dium bicarbonate, vanillin, gallic acid, catechin, Folin-Ciocalteau reagent, potas-
sium ferricyanide, and sodium hydroxide were purchased from Sigma-Aldrich 
Chemical Co. (St. Louis, MO, U.S.A.). Aluminum chloride, iron (III) chloride, ni-
trite de sodium, phosphate buffer, and trichloro acetic were purchased from Merck 
(Germany). 

2.2. Plant Materials 

The seed samples of A. boehmii (vernacular name: Umushindwi) were harvested 
from three sites of three different eco-climatic zones of Burundi, namely: eastern 
depression (1200 - 1500 m of altitude), central trays (1400 - 2000 m of altitude) 
and foothills of Mumirwa (1000 - 1500 m of altitude). The seed of P. angolensis 
(vernacular name: umusurura) were harvested in the eco-climatic zone of the 
foothills of Mumirwa from different commune (Vyanda, Vugizo and Musigati). 
Harvest was carried out in July for P. anglolensis and October for A. boehmii. The 
identification of the plant species was performed at the herbarium of the Univer-
sity of Burundi (BJA) and the herbarium of the Burundian Office for the Protec-
tion of the Environment. The ripe fruits, identifiable by their respective color, 
were harvested manually. Nine trees were sampled on each specie and three sam-
ples were collected per site. The fruits were dried at room temperature in the Mi-
crobiology Laboratory of bioengineering’s faculty at University of Burundi. After 
drying, the seeds were hulled manually. 
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2.3. Sample Preparation 

The first step was the extraction of the oil from the seeds to have oilcake. Seeds 
were crushed using a Moulinex blinder (France) and then the extraction was per-
formed with hexane as solvent in a Soxhlet apparatus under reflux for 8 h. Thus, 
we found 24% and 69% of oil respectively from A. boehmii and P. angolensis. 
Then, to 10 g of completely defatted cake, 50 ml of ethanol (80%) was added and 
homogenized for 30 minutes on a magnetic stirrer. Subsequently, the phase sepa-
ration was done by centrifugation at the 4000 rpm for 20 minutes. The superna-
tant (ethanolic extract) was recovered in a flask and the pellet was again reex-
tracted three times. The three ethanolic extracts thus obtained were mixed and 
evaporated to dryness under reduced pressure. The extract was recovered in a 
known amount of ethanol 80%.  

2.4. Proximate and Elemental Analysis of Oilcake 

Chemical composition of the samples namely ash, and crude protein of oilcake 
were determined according to the Association of Official Analytical Chemist [33] 
methods. Carbohydrate content in the samples was estimated using formula 
[100%-ash-protein]. 

2.5. Total Phenolic Content 

Since Folin Ciocalteu can react with other compounds, applying this method does 
not give exact values of polyphenols, rather estimates. For this, some researchers 
tend to replace the designation of total polyphenol contents by the Folin-Ciocalteu 
reagent assay measures sample reducing capacity [34] while others continue to 
use it as estimators of total polyphenol contents [35]. Thus, the total phenol con-
tent of the samples was determined using the Folin-Ciocalteau reagent [36]. Briefly, 
an aliquot of 100 μl of ethanol extracts was added to 1.0 ml of distilled water and 
0.5 ml of Folin-Ciocaleu reagent (1/10 v/v). After mixing, 1.5 ml of 2% sodium 
bicarbonate was added to the mixture. The absorbance was read using a spectro-
photometer at 760 nm after 30 min of incubation in the dark. The total content of 
phenolic compounds was expressed as mg gallic acid equivalent (GAE) of ex-
tract/100 g dry matter of oilcake (DM). 

2.6. Total Flavonoid Content (TFC) 

Total flavonoids were assessed using a colorimetric test as described by [37]. 250 
μl of the extract and 1 ml of distilled water were successively introduced into a 
tube. At the initial time (0 minutes), 75% µl of a Na NO2 solution (5%) were added, 
after five minutes 75% µl of AlCl3 (10%) were successively added to the mixture. 
The absorbance of the mixture obtained was directly measured with a UV-visible 
spectrophotometer at 510 nm against the blank. 

2.7. Condensed Tannin Content 

Condensed tannin concentrations were determined by a modified method of [38] 
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[38]. Ten microliters of samples were mixed with 200 µl of vanillin-HCl reagent 
(4% vanillin in methanol and 8% concentrated HCl in methanol). After 15 min, 
the absorbance of the mixture was determined at 500 nm against a blank solution. 
The condensed tannin content was expressed as catechin equivalents (CE) in mil-
ligrams per 100 gram (mg/g) of dray matter of oilcake (DM). 

2.8. High-Performance Liquid Chromatography Mass  
Spectrometry (HPLC-MAS) Analysis 

Qualitative LC-MS analysis was carried out using a Dionex UltiMate 3000 RSLC 
system coupled to a TSQ Endura triple quadrupole mass spectrometer, equipped 
with an H-ESI source working in negative mode. Mass spectra were acquired in 
profile mode with a setting of 30,000 resolutions at m/z 400. Operation parameters 
were as follows: source voltage, 4 kV; sheath gas, 60 (arbitrary units); auxiliary gas, 
20 (arbitrary units); sweep gas, 2 (arbitrary units); and capillary temperature, 
275˚C. Extract samples were analyzed in full scan mode at a resolving power of 
30,000 at m/z 400 and data-dependent MS/MS events acquired at a resolving 
power of 15,000. The most intense ions detected during full scan MS triggered 
data-dependent scanning. Ions that were not intense enough for a data-dependent 
scan were analyzed in MSn mode with the Orbitrap resolution also set at 15,000 
at m/z 400. An isolation width of 100 amu was used and precursors were frag-
mented by collision induced dissociation C-trap (CID) with a normalized colli-
sion energy of 40 V and an activation time of 10 ms. The mass range in FTMS 
mode was from m/z 100 to 1000. The data analysis was achieved using XCalibur 
software v4.0.27.42 (Thermo Fisher Scientific). 

Phenolic acid separation was performed on a reverse phase C18 column (4.6 × 
250 mm) and the compounds elution were monitored with diode array detector. 
The mobile phase used was 2.5% acetic acid (Solvent A) and acetonitrile (Solvent 
B. The following gradient was applied: initial 3% B; 9% B for 5 min; 5 - 15 min, 
16% B; and 15 - 50 min, 50% B. 

2.9. Antioxidant Activity 
2.9.1. DPPH Radical Scavenging Activities Assay 
The DPPH free radical scavenging test was measured as described by [39]. A vol-
ume of 0.1 ml of each of the solutions of the ethanolic extracts at different con-
centrations was mixed with 3.9 ml of methanolic solution (80%) of DPPH+ (0.004%). 
The decrease in absorbance was determined at 515 nm at 0 min, and every 5 min 
until a steady state was reached. The inhibition of free radicals in percentage (I%) 
was calculated using the following formula: I% = [1 − (Abs test/Abs control)] × 
100; where Abs test is the absorbance of the sample and Abs control is the absorb-
ance negative control. The concentration of each extract and ascorbic acid neces-
sary to decrease the initial DPPH concentration by 50% (Efficient Concentration 
= EC50) was calculated graphically. The antiradical activity was expressed as EC50 
(mg/ml). The kinetics of the reaction were evaluated according to [40] by calcu-
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lating the time needed to reach a steady state with an antioxidant concentration 
corresponding to EC50 (TEC50) and effectiveness antiradical (EA). The TEC50 was 
determined graphically. The AE, which involves the potency (1/EC50) and the re-
action time (TEC50), was calculated using the following formula: AE = 1/EC50 × 
TEC50. The lower the EC50, the lower the TEC50 and the higher the AE. All tests 
were performed in triplicate. 

2.9.2. Reducing Power (FRAP) Assay 
The reducing power was measured according to [41]. A volume of 0.5 ml of the 
sample was homogenized with 1.25 ml of phosphate buffer (0.2 M, pH 6.6) and 
1.25 ml of potassium ferricyanide [K3Fe (CN)6] (1%). After incubation in a water 
bath (50˚C/20 min), 1.25 ml of trichloroacetic acid (10%) was added to the mix-
ture. which was then centrifuged at 2000 rpm for 20 min. The upper layer of the 
solution (1.25 ml) was mixed with distilled water (1.25 ml). The absorbance was 
read at 700 nm after the addition of 0.25 ml of Iron (III) chloride (1%). The in-
crease in absorbance indicates a high reducing power [42] and results were ex-
pressed as antioxidant gallic acid equivalents in mg per 100 g of product (mg 
GAE/100 g). 

2.9.3. Statistical Analysis 
Data analysis was performed using IBM SPSS statistic 20. Results were analyzed 
using one-way analysis of variance (ANOVA) followed by Tukey’s multiple com-
parison test. Correlation between various parameters was also investigated. Sig-
nificance was determined at p < 0.05 and the results were expressed as mean values 
and standard error (SE) of the means. Comparisons were made between the re-
sults of the same species for three sites and another comparison between the re-
sults of these two species. 

3. Results and Discussion 
3.1. Proximate and Elemental Analysis 

Results on proximate components of A. boehmie and P. angolensis oilcakes are 
illustrated in Table 1. The Overall trends of compound contents compared to dry 
matter in both oilcake species were found to be similar. The contents of carbohy-
drates, proteins, and ash were, respectively 70.08% ± 4%, 26.81% ± 3.2% and 
3.92% ± 0.3% for A. boehmii and 66.52% ± 2.4%, 28.67% ± 2.2%, and 4.82% ± 
0.6% for P. angolens. Furthermore, proximate compounds from A. boehmii oil-
cake, calculated including oil content (24%), were found to be similar to those 
reported on the same species by [43]. 

Thus, carbohydrate, crude protein, and ash contents were, 56.5%, 21.6%, and 
2.5%, respectively. For P. angolensis, because of its high oil content (69%), the 
calculation includes the latter has remarkably lowered the proximate compound 
content at very low values: carbohydrate (39.36%), crude protein (16.96%), and 
ash (2.85%). Moreover, large discrepancies were observed for the levels of carbo-
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hydrates and proteins reported in the previous study on P. angolensis [16]. Re-
garding origin influences on yields, significant differences (p < 0.05) were observed 
in the results of protein contents (foothills > depressions > trays) recorded for the 
A. boehmii oilcake extracts and ashcontents (Vyanda > Musigati > Vyanda) de-
termined in P. angolensis oilcake extracts.  

 
Table 1. Proximate compounds of A. boehmii and P. angolensis oilcakes from different 
sites: TR, trays; DP, depression; FH, foothills; Y, average; MS, Musigati; VG, Vugizo; VY, 
Vyanda. 

Species site carbohyrdate protein ash 

A. boehmii 

TR 75.16 ± 9.0c 20.92 ± 1.4a 3.92 ± 0.3a 

DP 68.72 ± 6.1a 28.2 ± 0.5b 3.08 ± 0a 

FH 66.22 ± 3.8a 31.45 ± 0.4c 2.33 ± 0.1a 

Y 70.08 ± 4u 26.81 ± 3.2u 3.11 ± 0.5u 

MS 65.54 ± 1.4b 28.48 ± 3.4b 5.98 ± 0.0b 

P. angolensi 

VG 63.16 ± 7.2b 32.19 ± 2.8b 4.65 ± 0.3ab 

VY 70.96 ± 3.1b 25.28 ± 2.7a 3.76 ± 0.0a 

Y 66.52 ± 2.4u 28.67 ± 2.2u 4.82 ± 0.6v 

3.2. Total Phenols, Flavonoids and Condensed Tannins Contents 

The ethanolic extraction yields of A. boehmii and P. angolensis are mentioned in 
Figure 1(I) and are expressed as percentage (%) of dry matter from oilcake. The 
amount of TPC in samples was reported as mg of gallic acid equivalent (GAE) per 
100 g. Figure 1(II) showed that P. angolensis exhibited the highest TPC content 
(1089.89 ± 293.40 GAE/100g) compared to A. boehmii (874.97 ± 20.45 GAE/100g). 
However, their differences were no significant at p > 0.05. TPC of A. boehmii oil-
cake extracts from different sites were also found not to be statistically significant 
(p > 0.05). These contents varied from 905.65 ± 37 mg GAE/100g obtained in the 
central trays region to about 850.44 ± 57.58 mg GAE/100g) in the seeds collected 
in the Mumirwa zone. Significant differences (p < 0.05) were observed for P. an-
golensis between TPC from Musigati (1530 ± 397.74 mg GAE/100g) > Vugizo 
(995.12 ± 59.35 mg GAE/100g) > Vyanda 744.56 ± 113.59 mg GAE/100g DM). 
Although A. boehmii seeds originated from climatically different regions (depres-
sions, central trays, and Mumirwa), it seems not to have influenced the phenolic 
contents of this specie. Other studies reported a great environmental influence on 
TPC [44].  

For A. boehmii, yields obtained from seeds originating from different regions 
were found not to be significantly different (p > 0.05). But, for P. angolensis, sig-
nificant differences (p < 0.05) were observed in this order: Vyanda > Vugizo > 
Musigati. Overall extraction averages of A. boehmii (14.80% ± 0.18%) and P. an-
golensis (17.50% ± 2.35%) showed no significant differences (p > 0.05).  

Trends in TPC and extraction yield of ethanolic soluble substances observed 
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between the two species were reversed in TFC and CTC. The results (Figure 1(III) 
and Figure 1(IV)) showed that TFC and CTC values were higher in A. boehmii 
oilcake extracts compared to these of P. angolensis oilcake extracts with significant 
difference at p < 0.05. Furthermore, significant differences were observed in A. 
boehmii oilcake extracts only. It was obvious that the environmental factor has 
influenced the accumulation of these molecules. The highest TFC was found to be 
in the seeds from Mumirwa (236.14 ± 43.22 mg CE/100g) followed by those from 
depressions (188.36 ± 10.43 mg CE/100g) and lowest were registered in those from 
central trays (132.88 ± 8.03 mg CE/100g) with significant difference at p < 0.05.  

 

 
Figure 1. Ethanolic extraction yield (I), Total polyphenol (II), total flavonoids (III) and total condensed tan-
nin content (IV) of A. boehmii (A.B) and Pycnanthus angolensis (P.A). In each of I, II, III and IV, results are 
expressed as the mean (standard deviation (n = 3). In each species, the bars sharing different letters were 
significantly different (P < 0.05) and their results were ranked in ascending order (a < b < c for A.B and u<v<w 
for P.A). The average of the three sites of each species (X for A.B and Y for P.A) was compared to that of the 
other where the non-sharing of the same letter (A and B such as A < B) gave them a significant difference (P 
< 0.05). 

 
For P. angolensis, the highest were obtained in the seeds harvested from Vyanda 

commune site (113.59 ± 19.97 mg CE/100g) and the lowest these from Vugizo 
sites (95.69 ± 18.47 mg CE/100g). Results on CTC showed that the highest content 
(341.203 ± 40.15 mg CE/100g) determined in A. boehmii was twice as high than 
the highest obtained in the P. angolensis extracts (150.59 ± 26.34 g). The compar-
ison of TFC and CTC with those of total polyphenols showed that it had no inter-
dependence. Statistically, no correlation (Table 2) was recorded between the con-
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tents of these two compounds (TFC and CTC) and those of TPC. Several studies, 
also reported that high content of polyphenols does not necessarily correlate with 
high content of flavonoids or condensed tannins [41] [45]. 

 
Table 2. Pearson’s correlation between extract (Extr), polyphenols, flavonoids, FRAP and 
EA: EC50 (Extr), determined in crude extract; EC50 (TPC), calculated relative to the total 
polyphenol. 

 TPC TFC CTC FRAP TEC50 EC50 (Extr) EC50 (TPC) EA 

Extr −0.122 0.063 0.675** 0.347 −0.114 −0.452 −0.063 0.506* 

TPC  −0.362 −0.362 −0.377 0.078 0.746** 0.593** −0.358 

TFC   0.642** 0.919** −0.374 −0.657** −0.203 0.845** 

CTC    0.845** −0.336 −0.812** −0.280 0.856** 

FRAP     −0.375 −0.827** −0.285 0.934** 

TEC50      0.229 0.150 −0.258 

EC50 (Extr)       0.571* −0.794** 

EC50 (TPC)        −0.282 

* The correlation is significant at the 0.05 level (bilateral). ** The correlation is significant 
at the 0.01 level (bilateral). 

3.3. Identification and Quantification of Phenolic Compounds by  
HPLC-MAS 

3.3.1. Phenolic Compouds of A. boehmii 
The identification of the phenolic compounds revealed that the extract of A. 
boehmii contained important amounts of tannins (Table 3 and Figure 2(a)). El-
lagitannins, the major tannins detected in A. boehmii extracts, are characterized 
by their hexahydroxydiphenoyl (HHDP) group which is released by acid hydrol-
ysis and spontaneously lactonizes to ellagic acid [46] [47]. The sequential losses of 
galloyl (m/z = 152), gallate (m/z = 170) and HHDP (m/z = 301) residues of ellag-
itannin family [48] allowed to distinguish five compounds. The Hexahydroxydi-
phenoyl (HHDP)-hexoside (Peak 1), bis-HHDP-glucose isomer (Peak 2), galloyl-
hexoside (Peak 3), HHDP-galloylglucose (Peak 5), galloyl-bis-HHDP-glucose (Peak 
6), were identified according to other studies [49]-[52].  

Ellagic and gallic acid are phenolic acids which are indispensable compounds 
in the tannin structures [48] [53]. Therefore, the identification of tannins must be 
accompanied by that of gallic acids and ellagic acids. Thus, peak 10 was suggested 
as ellagic acid due to its mass spectrometry at m/z (MS m/z = 301) and its frag-
ments with mass spectrometry at m/z (MS/MS m/z = 257, 229) as were reported 
by [54]. The Compound of peak 4 was proposed as gallic acid (MS m/z = 169, 
MS/MS m/z = 125) after being compared with a commercial standard and fur-
thermore, a similar fragmentation pattern (Peak 4) was previously described [53], 
[55]. 
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Table 3. Phenolic compound tentative identification of A. boehmii. 

Peak 
number 

Rt (min) 
λmax 
(nm) 

Molecular ion 
[M-H] (m/z) 

MS/MS  
fragments (m/z) 

Identification 

1 3.73 261 481 191, 301, 275 Hexahydroxydiphenoyl (HHDP)-hexoside 

2 4.28 263 783 301, 481 bis-HHDP-glucose isomer 

3 5.07 262 331 169 galloyl-hexoside 

4 5.84 271 169 125 Gallic acid 

5 9.63 226, 268 633 301, 463, 257, 275 HHDP-galloylglucose 

6 12.69 271 935 301, 275, 633 galloyl-bis-HHDP-glucose 

7 20.31 273 575  not identified 

8 21.93 262 981  not identified 

9 23.09 260, 359 477 315 Isorhamnetin hexoside 

10 24.09 252, 365 301 257, 229 Ellagic acid 

11 24.88 264, 351 991 845, 653, 639, 301 
Quercétine diméthyl éther  

3-hydroxyferuoyl-glucosylglucoside-7-O-rhamnoside 

12 26.37 253, 358 447 314, 315 Dérivé monoglycosylé de l’isorhamnétine 

13 26.71 357 447 301, 179, 151 Quercetin 3-O-rhamnoside 

14 28.63 357 575 315 not identified 

 
Chromatogram analysis showed also that A. boehmii contained also flavonoids, 

but less important than tannins. whereas peak 9 with MS at m/z 477 and fragments 
at m/z 315 and 151, was suggested as Isorhamnetin hexoside [54]. Peak 13 was 
proposed to be Quercetin 3-O-rhamnoside (MS m/z = 447, MS/MS m/z = 301, 
179, 151). Previously, such features (MS and MS/MS) have been described [56] on 
raisins muscadine phenolic compound. Peak 11 was identified as Quercétine di-
méthyl éther 3-hydroxyferuoyl-glucosylglucoside-7-O-rhamnosid (MS m/z = 991, 
MS/MS m/z = 845, 653, 639, 301) whereas peak 12 was proposed to be monogly-
cosylated derivative of isorhamnetin (MS m/z = 447, MS/MS m/z = 314, 315). 

3.3.2. Phenolic Compound of P. angolensis 
The phenolic composition of P. angolensis extract was different from those of A. 
boehmie. For P. angolensis, flavonoids were the most prevalent than condensed 
tannins (Table 4 and Figure 2(b)). However, the colorimetric analyses showed 
that the two families of polyphenols have almost the similar content (Figure 2).  

In the present study, 7 flavonoids were observed at absorbance around 366 nm. 
Compound of peak 2 was presented as pelargonidin-3, 5-diglucoside (MS m/z = 
595, MS/MS m/z = 433, 271) by referring on [49] while that of peak 3 was pro-
posed to be proanthocyanidin B1(MS m/z = 595, MS/MS m/z = 433, 271) as de-
scribe by [54] Compounds shown by peak 4 and 8 were suggested as kaempferol 
3-glucuronide (MS m/z = 463, MS/MS m/z = 287) and cyanidin hexoside (MS m/z 
= 449, MS/MS m/z = 327, 287) respectively. The examination of the chromato-
grams and data of [56] led to the identification of peak 9 as myricetin rhamnoside 
compound (MS m/z = 464, MS/MS m/z = 317). Peaks 7, due to its fragments ob-
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served, was proposed to be Apigenin 6-C-arabinosyl-8-C-glucoside (MS m/z = 
563, MS/MS m/z = 503, 473, 383, 353). According to [57] in their study performed 
on determining of Duchesnea indica phenolic compound showed that neutral 
losses of 60, 90 and 180 corresponding to apigenin (270) + hexose (162) + pentose 
(132). Peak 13 was suggested as Procyanidin dimer (MSm/z = 577, MS/MS m/z = 
451, 425, 407, 289) [47]. Regarding tannins, two compounds HHDP-hexoside (Peak 
10) and HHDP-glucose (Peak 14) were tentatively identified basing on the proce-
dure used for those of A. boehmie and the literature data [49] [58]. Others com-
pounds detected were peak 5 and 6 identified as ellagic acid (MS m/z = 301, 
MS/MS m/z = 301) and 1 as citric acid derivative (MS m/z = 391, MS/MS m/z = 
217, 191, 373) [49] [59]. 

 

 
(a) 

 
(b) 

Figure 2. HPLC-MS profiles of phenolic compounds at 366 nm for A. boehmii (a) and P. angolensis (b) oilcake. 
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Table 4. Phenolic compound tentative identification of P. angolensis. 

Peak 
number 

Rt (min) λmax (nm) 
Molecular ion 
[M-H] (m/z) 

MS/MS fragments (m/z) Identification 

1 13.19 366 391 217, 191, 373 Citric acid derivative 

2 22.14 366 595 433, 271 Pelargonidin-3,5-diglucoside 

3 23.47 366 579 453, 427, 409, 301 Proanthocyanidin B1 

4 24.27 366 463 287 Kaempferol 3-glucuronide 

5 27.27 366 301 301, 257, 229, 185 Ellagic acid 

6 28.02 366 301 301 Ellagic acid 

7 28.78 366 563 503, 473, 383, 353 Apigenin 6-C-arabinosyl-8-C-glucoside 

8 30.03 366 449 327, 287 Cyanidin hexoside 

9 30.7 366 464 317 Myricetin rhamnoside 

10 31.72 366 481 301, 275 HHDP-hexoside 

11 31.89 366 268  Not identified 

12 36.68 366 268  Not identified 

13 41.53 366 577 451, 425, 407, 289 Procyanidin dimer 

14 43.11 366 481 301 HHDP-glucose 

15 45.58 366, 280 807  Not identified 

3.4. Antioxidant Activity 

The scavenging effect of A. boehmii, P. angolensis oilcake extracts against the 
DPPH radical was evaluated using a spectrophotometric method. Thus, the eval-
uation of the antioxidant activity was performed in two approaches: the determi-
nation of the amount of antioxidant necessary to reduce 50% of DPPH• after 60 
minutes (Table 5) and the time needed to reach a steady state for a given concen-
tration of extract (Figure 3).  

 
Table 5. Potential for antioxidant activity of seed oilcake extracts of Anisophyllea boehmii and Pycnanthus angolensis: FRAP, 
TEC50, EC50 expressed as mg GAE/ml was calculated relative to the total polyphenol, EC50 expressed as mg/ml was determined in 
crude extract, EA calculated relative to the concentration of crude extract. 

Extract/ 
standard 

site 
FRAP   DPPH  

mg GAE/100g MS EC50 (mg GAE/ml) EC50 (mg/ml) TEC50 (min) EA (ml/µg·mim) 

A. boehmii 

Trays 3212.1 ± 59.75b 0.01 ± 0.00 0.10 ± 0.01a 10.2 ± 0.3 100 ± 5.6b 

Depression 2537.7 ± 139.0c 0.01 ± 0.00 0.07 ± 0.00ab 11.7 ± 0.4 145.8 ± 21.5ab 

Foothills 3731.0 ± 117.9a 0.01 ± 0.00 0.05 ± 0.00b 13.7 ± 0.2 194.4 ± 21.5a 

Average 3160.3 ± 415.0u 0.01 ± 14.9u 0.08 ± 0.00u 11.8 ± 1.2u 146.7 ± 31.7u 

P. angolensis 

Musigati 946.9 ± 18.6b 0.02 ± 0.00 1.50 ± 0.46a 20 ± 1.3 13.3 ± 0.6b 

Vugizo 1155.3 ± 3.8a 0.01 ± 0.00 1.06 ± 0.90b 15 ± 0.9 14.1 ± 0.3ab 

Vyanda 877.0 ± 5b 0.01 ± 0.00 1.33 ± 0.65b 16.7 ± 0.1 12.5 ± 0.6a 

Average 993.0 ± 108.1v 0.01 ± 0.00u 1.29 ± 0.15v 17.03 ± 1.9v 13.3 ± 0.5w 

Acide ascorbique - 0.09 ± 0.00v 0.09 ± 0.00u 5.00 ± 0.02w 52.63 ± 3.7v 
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Results are mean of three replicates (from 3 sites for samples) with standard 
errors (Mean ± S.E, n = 3, -, not determined). In each column different letters 
mean significant difference (p < 0.05): the letters decreasing in value, a > b > c, 
were used to compare the regions for one specie while u > v > w were used to 
compare the global values of the two species between them one hand, and between 
that of the ascorbic acid on the other hand. 

The overall results revealed that the activity in A. boehmii extract (0.08 ± 0.00 
mg/ml) was higher compared to P. angolensis EC50 (1.29 ± 0.15 mg/ml) and al-
most similar to that of the ascorbic acid (0.09 ± 0.00 mg/ml). However, no signif-
icant difference (p < 0.05) was observed between EC50 from A. boehmii extract 
and that from ascorbic acid. Regarding EC50 calculated based on total polyphenols, 
results on A. boehmii and P. angolensis were the same at 0.01 mg GAE/ml and 
they were very significantly (p < 0.05) higher than that of ascorbic acid. This 
showed that both species contain significant amounts of bioactive molecules. Ac-
cording to our TEC50 results, A. boehmii extract (11.8 ± 1.2 minutes) reached a 
steady state at a time that was not significantly different (p > 0.05) from that of P. 
angolensis (17.03 ± 1.9 minutes) while ascorbic acid (5 ± 0.6 minutes) was very 
significantly effective than both species. Results obtained on EA, by combining 
EC50 and TEC50 parameters, were in the following order: A. boehmii > ascorbic 
acid > P. angolensis. The statistical test revealed significant difference (p < 0.05) 
between them. Furthermore, a good correlation was found between EC50 and EA 
(p < 0 0.01, r2 = 0.6306). However, TEC50 was not found to be correlated with EA 
(R2 = 0.066).  

Significant differences were also observed between the results of extracts from 
seeds originating from different regions. Thus, EA of A. boehemii harvested from 
foothills showed the highest activity, followed by those from depression then those 
from trays with significant differences at p < 0.05. The same trend of difference 
significations observed above was also observed between EC50 determined in extracts: 
foothills > depression > trays. There was no significant difference at p < 0.05 between 
TEC50 and EC50 calculated in reference to the polyphenol concentrations.  

Concerning P. angolensis, EA determined in oilcake from Vugizo was found to 
be significantly higher than those from other sites; order being Vugizo > Musi-
gati > Vyanda (p < 0.05). EC50 analyzed in oilcake extracts showed highest activity 
in oilcake from foothills in comparison of the other sites and followed the order 
as: foothills > trays > depression and significantly different at p < 0.05. Value EC50 
calculated in reference to polyphenol contents and TEC50 were almost the same in 
their respective sites. No significant differences (p > 0.05) between these sites for 
each of these parameters. After the involvement of all parameters in DPPH assay, 
A. boehmii extract was found to be the most powerful antioxidant than that P. 
angolensis with EA of 146.75 ± 34.67 ml/µg·min while P. angolensis was 13.3 ± 
0.5 ml/µg·mim. This is probably due to the high tannin content of A. boehmii. 
Particularly ellagitannins who is reputed to have important antioxidant, antiviral, 
antimicrobial, immunomodulatory, antitumor, and hepatoprotective activities 
[60] [61].  
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Figure 3. Example for kinetics of Ascorbic Acid (a), A. boehmii (b) from foothill of Mirwa 
and P. angolensis (c) from Vyanda comune (A point of the curve is the mean corresponding 
to the three measurements of each concentration). 

 
Antioxidant activities of a crude extract may be due to different compounds 

acting through different mechanism to prevent the oxidation of sensitive organic 
substances. Ferric reducing antioxidant power (FRAP) assay was as complement 
to the DPPH assay. FRAP assay is also reported to have his high sensitivity and 
reliability [62].  

Through the results of Table 3, the same trend observed in DPPH assay has 
been reproduced in FRAP assay where A. boehmii oilcake extract exhibited high-
est reducing power (3160.3 ± 415.0 mg GAE/100g) compared to P. angolensis oil-
cake extract (993.0 ± 108.1 mg GAE/100g). Furthermore, a highly significant cor-
relation was observed between FRAP and TFC (p < 0.01, r2 = 0.8446), and between 
FRAP and CTC (p < 0.01, r2 = 0.7132). Furthermore, in both specie, significant 
difference between zones was recorded. For A. boehmii, results recorded on oil-
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cake from foothills were found to be the highest Foothills > Trays > Depression 
with significant difference at p < 0.05. FRAP result of P. angolensis extracts from 
sites were also significantly different (p < 0.05) in the following descending order: 
Vugizo > Musigati > Vyanda. There is no research which is already performed on 
the evaluation of the antioxidant activity of these wild species using the FRAP 
method.  

The results obtained using these two methods revealed that both species con-
tent valuable potent antioxidants. Probably that was due to the high content of the 
polyphenols. It has been reported that antioxidant activity is correlated strongly 
with polyphenol content [63] [64], especially with flavonoid phenolic acids, and 
tannins contents [65] [66]. In this study, flavonoids represent 21.33 and 10% of 
the total polyphenols, respectively, in A. boehmii oilcake extract and in P. ango-
lensis oilcake extract while condensed tannins had occupied, in the same order, 
39.00% and 15.31%. However, there are lack of studies performed on ethnobotan-
ical and biochemical activity of A. boehmii. 

4. Conclusion 

This study highlights the potential, of two wild species, to have a considerable 
amount of phenolic compounds and an impressive bioactivity. A. boehmii and P. 
angolensis oilcake had been characterized by high contents of total polyphenols 
respectively 874.97 mg GAE/100g and 1089.89 mg GAE/100g. A. boehmii con-
tained more tannin compounds of ellagitannin family (5 of 12 identified) while in 
P. angolensis predominated flavonoids (7 of 13 identified). Both species may be 
exploited as feeding in livestock or human nutrition. In light of these results, A. 
boehmii and P. angolensis can provide raw materials as food additives, health sup-
plements and nutraceuticals. The highest proximate component contents were 
carbohydrate and crude protein, respectively, 63.0% ± 4% and 24.1% ± 3.2% for 
A. boehmii, and 59.49% ± 2.4% and 25.61% ± 2.2 for P. angolensis. Further re-
search is required to study toxicity and extract active ingredients. 
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