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Abstract
The present study identified and quantified the anthocyanin pigments in seed of eight Kersting’s groundnut [Macrotyloma 
geocarpum (Harms) Marechal & Baudet] landraces of variable seed coat pigmentation. The analysis was carried out using 
ultra-performance liquid chromatography coupled with a photodiode array detector and mass spectrometry. Although the 
findings revealed similar anthocyanin profiles in seeds of the eight landraces tested, the relative concentrations of the 
individual anthocyanin compounds showed marked variations. Delphinidin-3-O-glucoside, cyanidin-3-O-glucoside and 
peonidin-3-O-glucoside were the most abundant anthocyanins, with concentrations ranging between 21.4–239.0, 23.6–130.6 
and 21.4–135.4 µg/g of dry seed, respectively in seeds of the test landraces, while total anthocyanins ranged between 95 and 
505 µg/g of dry seed. The preponderance of delphinidin 3-O-glucoside was observed in the black and brown mottled seeds. 
This study is the first report regarding the profile and concentrations of anthocyanins in Kersting’s groundnut and suggests 
that the seeds of this underutilized grain legume can potentially be exploited as a natural source of anthocyanins for the 
development of cosmetic, food and pharmaceutical products.
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Abbreviations
KG  Kersting’s groundnuts
ESI  Electrospray ionization
LC  Liquid chromatography
MS  Mass spectrometry
PDA  Photodiode array detector
SD  Standard deviation
TAC   Total anthocyanin content

UV  Ultraviolet
Vis  Visible

Introduction

Legume crops are widely consumed around the world owing 
to the nutritional attributes of their grains and leaves. Despite 
their nutritional and medicinal values however, many indig-
enous African crops are neglected and under-utilized due 
to limited research regarding their genetic and phytochemi-
cal potentials as well as their agronomic requirements [1]. 
Kersting’s groundnut [Macrotyloma geocarpum (Harms) 
Marechal & Baudet] is one of the rare and under-exploited 
indigenous African legumes which is gradually disappear-
ing from its cultivation areas due to lack of research on its 
improvement and potential utilization [2, 3]. Nevertheless, 
the crop is adapted to growth under drought conditions and 
marginal soils, and also possesses health and nutritional 
values which can be tapped for improved food/nutritional 
security [4–6]. In West Africa where Kersting’s groundnut 
originates, it is cultivated by small holder farmers mainly for 
home consumption [7]. However, because of the low yields 
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often obtained on farmers’ fields and the lack of improved 
seeds or varieties, commercial farmers have shown very little 
interest in cultivating the crop on a large scale [8].

Currently, the available landraces of Kersting’s ground-
nut differ in traits such as seed size, seed coat colour and 
texture [9]. However, the colour and texture variations are 
more prominent, with black, brown, and white seeds being 
common [9]. These traits play fundamental roles in consum-
ers’ acceptance and sensory impression of the food [10]. In 
grain legumes, black and red seed coat pigmentation are 
attractive sources of anthocyanins, which are natural food 
colourants and antioxidants [11, 12]. Anthocyanins are a 
group of reddish or purple water-soluble pigments mostly 
found in the angiosperms or flowering plants, which rep-
resent a major food source [13]. They are widely used as 
natural colourants in food, pharmaceutical and cosmetic 
industries [14]. The strikingly high anthocyanin levels in 
legumes gives them their characteristic colouring properties, 
and also play vital roles in recruiting pollinators, aiding in 
seed dispersal and protection of plants from photo-oxidative 
damage and oxidative stress [15]. In addition to their role in 
plants, anthocyanins are known to possess health benefits 
such as vision improvement [16], reduced risk of inflamma-
tory [17], cardiovascular [18], and age-related degenerative 
diseases [19, 20].

Although extensive information exists regarding the 
anthocyanin composition in fruits, vegetables, cereals and 
some grain legumes [12, 21–24], there is currently no infor-
mation on the anthocyanin profiles and concentration in Ker-
sting’s groundnut. This study was partly motivated by the 
need to explore for cheaper sources of anthocyanin pigments 
to meet the increasing demand for natural colourants and 
antioxidants. Moreover, the phytochemical characterization 

of plant matrices is key to understanding their biological 
and nutritional properties [25]. The use of liquid chroma-
tography coupled with mass spectrometry is known to be a 
reliable technique for unbiased screening of compounds in 
plant materials and food products [25–28]. The aim of this 
work was therefore to characterize the anthocyanin contents 
and composition in the seeds of eight Kersting’s groundnut 
landraces exhibiting variable seed coat pigmentation. This 
was done to identify anthocyanin-rich landraces that can be 
used in breeding programs aimed at improving varieties for 
future industrial utilizations in the preparation of food sup-
plements, natural antioxidants and colourants.

Materials and methods

Plant materials

In this study, eight Kersting’s groundnut (KG) landraces 
exhibiting different seed coat pigmentation/colourations 
[namely, Puffeun (KG1 = black), Boli (KG2 = white), 
Funsi (KG3 = brown mottled), Sigiri (KG4 = brown mot-
tled), Nakori (KG5 = brown mottled), Heng Milk Mottled 
(KG6 = brown mottled), Dowie (KG7 = brown mottled) 
and Belane Mottled (KG8 = brown mottled)] were used 
(Table 1). The landraces were sourced from the University 
for Development Studies at Nyankpala, Ghana. The plants 
were identified by examining the morphological charac-
teristic of the flowers, leaves and seed structures. Voucher 
specimens (TUTMG1401–TUTMG1408, corresponding 
to KG1–KG8, respectively) were deposited at the Herbar-
ium of the Crop Sciences Department, Faculty of Science, 
Tshwane University of Technology, Pretoria, South Africa. 

Table 1  Comparison of 
anthocyanin contents in seeds 
of 8 Kersting’s groundnut 
landraces of varying seed coat 
pigmentation

Data (mean ± se) in the same column marked with different lowercase letters are significantly different at 
p < 0.001 (***)
D3G delphinidin-3-O-glucoside, C3G cyanidin-3-O-glucoside, P3G petunidin-3-O-glucoside, NA not 
applicable
a Average of three determinations

Sample code Local name Colour Anthocyanin content

D3G C3G P3G Total

(µg/g)

KG1 Puffeun Black 239.0 ± 0.84a 130.6 ± 2.47a 135.8 ± 3.03a 505
KG2 Boli White 24.3 ± 0.44f 24.8 ± 0.66f 35.3 ± 0.56b 84
KG3 Funsi Brown mottled 23.2 ± 0.13f 23.6 ± 0.37f 33.8 ± 0.13b 80
KG4 Sigiri Brown mottled 49.9 ± 3.46c 26.9 ± 0.88c 23.6 ± 0.44 cd 100
KG5 Nakori Brown mottled 69.8 ± 0.32b 34.8 ± 0.71b 26.2 ± 0.18c 131
KG6 Heng MM brown mottled 32.7 ± 0.52e 24.4 ± 0.14e 22.8 ± 0.03 cd 80
KG7 Dowie Brown mottled 21.4 ± 0.00f 26.0 ± 0.61f 21.4 ± 0.00d 69
KG8 Belane M Brown mottled 43.8 ± 0.82d 27.6 ± 0.22d 23.9 ± 0.08 cd 95
F statistics NA NA 3055.8*** 3055.8*** 1241.9*** NA
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The landraces were grown in experimental fields at three 
locations (Nyankpala, Savelugu and Gbalahi) in the North-
ern region of Ghana, in 2014. At maturity, (120 days after 
sowing), plants were harvested, and the pods collected. Pods 
were sun-dried and threshed to obtain the seeds, which were 
then dried to 13% moisture content and stored at 4 °C until 
further pretreatment (extraction) and analysis.

Chemicals and reagents

Reagent grade methanol  (CH3OH, ≥ 99.8%), acetonitrile 
(MeCN, ≥ 99.5%), hydrochloric acid (HCl, ≥ 37%), trif-
luoroacetic acid  (CF3COOH, ~ 98%) were purchased from 
Merck Chemicals (Pty) Ltd (Johannesburg, South Africa). 
Pure delphinidin standard was obtained from Sigma Chemi-
cals Co. (Germany). A 0.22 µm membrane filter was pur-
chased from Chemical Co. (Johannesburg, South Africa). 
Only ultrapure water (UPW)  (H2O, conductivity: ~ 18.2 
Mega Ohm at 25 °C) was used in this study.

Anthocyanin extraction

To extract anthocyanins, seeds of each Kersting’s groundnut 
landrace was separately ground to powder using a coffee 
grinder (Cuisinart, model DCG-20N series). Anthocyanins 
were then extracted using the procedure described by [29] 
with slight modifications. One gram of each ground sample 
was extracted in 10 mL of methanol acidified with 1.0 N 
HCl (80:20, v/v). The mixture was vortexed for 1 min and 
the extraction was carried out under agitation in the dark 
at 4 °C for 24 h. The extract was centrifuged for 20 min 
at 4000 rpm and the supernatant was collected. The resi-
due was extracted two or more times, and the supernatants 
were combined and evaporated to one-third (1/3) of the total 
volume with a rotary evaporator (Buchi Rotavapor R-100, 
Germany) at 40 °C. The resulting crude extracts were then 
filtered with Whatmann No. 1 paper and stored at − 4 °C 
until liquid chromatographic analysis.

UPLC–MS analysis

The anthocyanins present in seeds of the test Kersting’s 
groundnuts were characterized by UPLC–qTOF-MS anal-
ysis. The experiment was done using a Waters Acquity 
Ultra Performance Liquid Chromatographic system with 
a PDA detector (Waters, Milford, MA, USA). Separation 
was achieved using an Acquity UPLC BEH C18 column 
(150 mm × 2.1 mm, i.d., 1.7 μm particle size, Waters) main-
tained at 40 °C. To shorten the analysis time and to obtain 
better resolutions for chromatograms, preliminary tests were 
done before setting the chromatographic conditions. The 
mobile phase consisted of 0.1% trifluoroacetic acid (solvent 
A) and acetonitrile (solvent B) at a flow rate of 0.3 mL/min. 

The gradient elution was executed as follows: initial ratio 
was 95% A:5% B, keeping for 1 min, changed to 20% A:80% 
B in 10 min, to 5% A:95% B in 5 min, keeping for 1 min 
and back to initial ratio in 0.5 min, with the equilibration of 
the system for 1.5 min. The total running time was 18 min 
and the injection volume was 2.0 μL (full-loop injection). 
The positive ion mode was used for anthocyanins detection. 
Thus, the mass spectrometry was operating in a negative ion 
electrospray mode and nitrogen  (N2) was used as the des-
olvation gas. Data were acquired between 50 and 1200 m/z. 
The following parameters were then set: capillary voltages 
of 3000 V; sampling cone voltages of 45 V; extraction cone 
of 4; source temperature of 100 °C; desolvation temperature 
of 350 °C; desolvation gas flow was 400 L/h. The chroma-
tographic software MassLynx 4.1 was used to process and 
generate all the chromatographic data.

Quantification by UPLC–DAD

To quantify the anthocyanins in seed extracts, chromato-
graphic analysis was carried out on a Shimadzu® LC-20AD 
(Kyoto, Japan) UPLC system equipped with a LC-20AD 
UPLC pump, a SIL-20AD autosampler, a CTO-20AD ther-
mostatted column compartment and a SPD-20AD photo-
diode array (PDA) detector. The analytical column was an 
ODS-Ultra Aqua C18 column (100 mm × 2.1 mm i.d., 3 μm 
particle size, Restek®, Bellefonte, PA, USA) protected with 
a Guard Cartridge (Restek®, Bellefonte, PA, USA). The col-
umn was maintained at 25 °C. The mobile phase consisted 
of water solution of 0.1% trifluoroacetic (solvent A) and ace-
tonitrile containing 0.1% trifluoroacetic (solvent B). A linear 
gradient program at a flow rate of 0.200 mL min−1 flow was 
used: 0–1 min, 5% B; 1–22 min, 5–32% B; 22.5–23 min, 
45–100% B; 23–24.5 min, 100% B; 24.5–26 min, 100–5% 
B; 26–27 min, 5% B. The PDA detection wavelength was set 
at 200–700 nm and the injection volume at 20 µL. Prior to 
analysis, all samples were filtered through a 0.22 µm mem-
brane filter. The absolute quantification of individual antho-
cyanins was done using external standard. Concentrations of 
the compounds were determined from the UPLC diode array 
detection (DAD) signal peak area by interpolation based on 
calibration curves using pure standards and expressed as 
mg g−1 of seed dry weight. Standard calibration curves for 
each standard with linearity range from 0 to 1000 µg mL−1 
 (R2 = 0.99) were constructed using five concentrations. 
The assumption made for the quantification of anthocyanin 
glucosides was that, according to the literature, their molar 
absorptivities were similar those of their aglycone.

Statistical analysis

The data were reported as means of three replicates with 
standard errors (SE). The differences in quantities of 
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anthocyanins between the landraces were analysed by one-
way ANOVA statistical model using Statistica software 
version 10. Where means showed significant differences, 
they were separated using Duncan’s multiple range test at 
p ≤ 0.05.

Results and discussion

Identification of anthocyanins

The seeds of each Kersting’s groundout landrace was sep-
arately extracted with acidic MeOH (1% HCl) followed 
by analytical reverse phase column chromatography. The 
anthocyanins were separated by reverse phase C-18 column 
chromatography as previously described. The anthocyanin 
profiles of the acidic methanolic crude extracts (measured at 
520 nm) of the test samples are illustrated in Fig. 1. Antho-
cyanins are usually abundant in the pigmented seed coats 
of legumes [30]. In this study, three major anthocyanins 
were detected by LC-DAD/HR-MS analysis, and their mass 
spectra were revealed by fragmentation patterns arising from 
MS created by electrospray ionization (ESI) in the positive 
mode (Figs. 1 2; Table 1). The UV–Vis absorption spectra 
of the compounds identified had peaks that appeared at (277, 
525 nm), (277, 526 nm) and (279, 529 nm) for compounds 1, 
2 and 3, respectively, a finding characteristic of anthocyanins 
[31, 32]. Their mass spectra revealed the peaks of molecular 
ions  [M]+ and fragment ion [M-Glucose]+ resulting from the 
loss of the sugar moiety. Peak 1, with a molecular ion at m/z 
465 was predominant in the anthocyanin profile, and also 
yielded a fragment ion at m/z 303 which corresponded to 
delphinidin aglycon probably arising from the loss of a hex-
ose unit (162 U). Peaks 2 and 3 produced molecular ions at 
m/z 449 and 479, respectively. The presence of the aglycons 
cyanidin (m/z 287) and petunidin (m/z 317) were detected 
in peaks 2 and 3 (Fig. 2). Previous studies have reported 
that the glucosides of delphinidin, cyanidin and petunidin 
are the common anthocyanins in seed and seed coats of 
grain legumes, with values ranging from 0.25 to 35.11 mg 
GAE/g DW in Kidney beans and from 1.46 to 57.98 mg 
GAE/g DW in seed coat of beans (Folin–Ciocalteu, HPLC) 
[33]. Similarly, an earlier study reported the dominance of 
cyanidin-3-O-glucoside relative to other anthocyanins in 
black-seeded common beans [34], black and red peanuts 
[30], kidney beans [35], and adzuki beans [36]. 

Quantification of anthocyanins

The concentrations of various anthocyanins in the test sam-
ples were determined via UPLC–DAD. Although anthocya-
nins analysis in plant samples usually span between 40 and 
60 min [37], the separation of anthocyanins in Kersting’s 

groundnuts was achieved within 18 min via the complete 
UPLC–DAD system (Fig. 1). Varying concentrations of pure 
delphinidin were used as standards to construct a curve for 
extrapolating the concentrations of individual anthocya-
nins in the test samples. The total anthocyanins in samples 
was then computed as the sum of individual anthocyanin 
compounds in the samples. The UPLC chromatograms 
obtained at 520 nm revealed three major peaks in all test 
landraces (Fig. 1 and Table 2). There were marked differ-
ences in the anthocyanin contents of the landraces, with 
higher (p < 0.001) concentrations being found in the black 
seeded puffeun when compared to the white or brown seeded 
landraces. For example, the seeds of  puffeun had the high-
est (p < 0.001) concentration of delphinidin-3-O-glucoside 
(239.0 µg/g) followed by the brown mottle seeded  nakori 
(69.8 µg/g),  sigiri (49.9 µg/g),  belane M (43.8 µg/g) and 
then  heng MM (32.7 µg/g), each accounting for 47, 53, 50, 
46 and 41% of the total anthocyanins in those landraces, 
respectively (Table 1). On the other hand, the white seeded 
landrace  boli, together with the brown mottled funsi and 
dowie recorded the least but similar (p > 0.05) delphini-
din-3-O-glucoside contents (21.4–24.3 µg/g). As with del-
phinidin-3-O-glucoside, the concentrations of cyanidin-3-O-
glucoside and petunidin-3-O-glucoside were also higher 
(130.6 µg/g and 135.8, respectively) in the black seeded  puf-
feun when compared to their concentrations in the other 
landraces (Table 1). As shown in Table 1, the concentra-
tions of both delphinidin-3-O-glucoside and petunidin-3-O-
glucoside respectively varied between 23.6–34.8 µg/g and 
21.4–34.3 µg/g in the landraces KG2–KG8 as opposed to the 
observed higher concentrations in seeds of  puffeun. Further, 
petunidin-3-O-glucoside and cyanidin-3-O-glucoside were 
each the second major anthocyanins in  puffeun and boli, 
respectively, (Table 1). As expected, the concentration of 
total anthocyanins was much higher in the black seeded Ker-
sting’s groundnut phenotype when compared to the other test 
landraces. The similarities in the anthocyanin profiles of the 
different Kersting’s groundnut landraces indicate that this 
trait may be conserved within the species. Although there is 
currently no report on the anthocyanins composition of Ker-
sting’s groundnut, the dominance of delphinidin-3-O-gluco-
side was earlier reported in black seeded common bean [11]. 
Moreover, previous studies have reported up to 2094 µg/g of 
anthocyanins in seed coats of cowpea [38], 1.5–20.18 mg/g 
in those of soybeans and 0–2.61 mg/g of delphinidin gluco-
side in those of kidney beans [12]. The anthocyanin concen-
trations in seeds of the test Kersting’s groundnut landraces 
are within the range of values observed in several other grain 
legumes [33]. The fact that anthocyanins were detected in 
high amounts in the black seeded Kersting’s groundnut (puf-
feun) as opposed to very low concentrations in the other 
seed phenotypes indicates a strong genetic influence on the 
synthesis and accumulation of anthocyanin compounds in 
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Fig. 1  Anthocyanin profile of eight (8) Kersting’s groundnut lan-
draces obtained by UPLC–DAD–(ESI)-HR-MS in positive mode and 
recorded at 520 nm: (1) delphinidin-3-O-glucoside, (2) cyanidin-3-O-

glucoside, (3) peonidin-3-O-glucoside. For sample codes (KG1–
KG8) refer to Table 1
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the species. In this study, all the anthocyanins identified in 
seeds of the test Kersting’s groundnut have previously been 
found in the seeds and seed coats of other grain legumes 
such as cowpeas [38], Bambara groundnut [39], soybean 
[40], kidney beans [12] and common beans [41].

Conclusion

The present study revealed marked variations in the con-
centrations of anthocyanin in seeds of Kersting’s groundnut 
landrace exhibiting differences in seed coat pigmentation. 
Of the landraces evaluated, the black seeded Kersting’s 
groundnut landraces had had the highest concentration of 
anthocyanins when compared to the white or brown mottled 
landraces. The observed wide variations in the anthocyanin 
composition of the test landraces represents a useful genetic 
pool that offers opportunity for selection in the development 

of anthocyanin-rich seeds through breeding programs. 
Moreover, the black seeded Kersting’s groundnut (KG1 or 
Puffeun) can potentially be used in the preparation of seed-
based foods, supplements and as a source of natural color-
ants due to its higher anthocyanin content. The findings of 
this study is a useful contribution to the literature regarding 
the phytochemical composition and potential utilization of 
important but underutilized African legumes such as Kerst-
ing’s groundnut.
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Fig. 2  Mass fragmentation patterns of identified anthocyanins

Table 2  Chromatographic and spectral characteristics of anthocyanins in seeds of Kersting’s groundnut landraces detected by HPLC–ESI/
HR-MS

Peaks Retention time 
(min)

Molecular ion (m/z) Formula Fragment ions 
(m/z)

Absorbance 
maxima (nm)

Assigned compound name

1 13.30 465.1018 C21H21O12 303 277, 525 Delphinidin-3-O-glucoside
2 15.54 449.1066 C21H21O11 287 277, 526 Cyanidin-3-O-glucoside
3 17.18 479.1172 C22H23O12 301 276, 529 Petunidin-3-O-glucoside
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