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Abstract - Isoflavones are an extensively group of compounds that are used as dietary supplements due to their 
phytoestrogenic activity. There are several methods for isoflavone measurement but all of them had been developed for soja 
products. Thus, as part of our interest on bioprospecting native sources, whole seeds of Andean Lupin (Lupinus mutabilis) 
grown in two places of Colombian Andes were assessed to measure their content of isoflavones. With the aim to identify the 
most suitable method for routine isoflavone analysis, four methods of extraction were then compared in order to measure 
total isoflavones through HPLC. 
 
Key words - Isoflavones, HPLC, chemical profile, Andean lupine, aglycones, glucosides. 
 
I. INTRODUCTION 
 
During the last decades, consumers have shown an 
increasing interest for food products with health 
benefits.Aside from the recommendations made by 
health practitioners that constantly explain the risks 
linked with a high fat, sugar, carbohydrates and 
processed animal protein diets, one of the influences 
behind this tendency is the common idea of the health 
benefit substances in vegetables. Molecules produced 
by the secondary metabolism in plants are responsible 
for those positive effects; those compound have many 
different structures such as terpenoids, phenolic or 
nitrogen-containing compounds, among others, that 
show biological activity.Legumes are a very 
important kind of plant food for their content of 
protein and other molecules. Lupinus mutabilis an 
Andean species is even called a super food because of 
its remarkable nutritional properties, therefore its 
unusual seed composition has a great economic and 
social potential. Alkaloids in the seed of L. mutabilis 
oftenlimits its use as nourishment especially in bitter 
varieties and alkaloids must be removed before 
consumption. Although those compounds may be 
toxic in high quantities, if administered in low doses 
could be used as hypocholesterolemic agents, 
immunosuppressive drugs or as cardiac regulators. 
Additionally, characterization procedures showed that 
important amounts of phenolic compounds like 
isoflavones are stored in L. mutabilis seed; its 
concentration varies from 15 to 35 mg/100 g in which 
is represented mainly by genistein. The antioxidant 
capacity was clearly linked to the amount of 
isoflavones and it is considered as evidence of the 
functional potential of these species. Due to the 
nature of the isoflavones, HPLC is the most suitable 
method to analyze those compounds.Prior to 
measurement,precise treatment of extraction must be 
performedto ensure the success of the determination. 
Extraction procedures before chromatography are 
well documented for treatment of soja samples, the 

principal source of isoflavones available, but there are 
a lack of information about extraction and 
measurement of isoflavones from Lupinus 
mutabilis.The aim of this study is to determine the 
procedure that extracts the highest levels and most 
types of isoflavones in Lupinus mutabilis seeds. 
 
II. EXPERIMENTAL  
 
2.1. Materials and Procedures 
For the determination of isoflavones, a liquid 
chromatograph coupled to a Shimadzu LCMS 2020 
mass spectrometer was used, with a Synergi C18 
column (150 mm, 4.6 mm, 4 um). The elution system 
used was a mixture of acetonitrile; formic acid (1%) 
in gradient, whose proportions changed according to 
the phase of the optimized isoflavones analysis 
method as an internal standard, a genistein pattern 
previously acquired from Supelco® was used, which 
was used for the quantification of isoflavones 
(individual and in mixture), from the construction of 
the standard calibration curves. The total content of 
isoflavones (mg equivalent to genistein/g dry seed) 
was the sum of the contents of the isoflavones 
identified individually in the chromatogram. 
 
2.1.1 Samples  
Seeds of Lupinus mutabilis were obtained from two 
places: one harvested from plants grown in the 
Campus of the Military University Nueva Granada in 
Cajica- Cundinamarca (sample C), and the other 
purchased from the Grupo Semillas Colombia 
Corporation, harvested in the city of Pasto, Nariño 
(sample P). 
 
2.1.2Samples pre-treatment 
Four procedures were performed for the 
isoflavonesextraction optimization and furtherHPLC 
determination (Table 1). 
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Table1: Extraction conditions 
Pa T(°C ) Min Solvent 
1 RTb 0 80% EtOH 
2 80 30 80% EtOH 
3 65 120 NaOH 0.15M;80% MeOH 
4 80 60 HCl 1M in 80% EtOH 

aP: Protocol; bRT: Room Temperature 

  
 
2.1.2.1. Protocol 1. 15 mg of pulverized seed was 
placed in a 20 mL centrifuge tube. 2.5 mL of 80% 
ethanol were added. The sample was intensively 
homogenized by vortex shaker and then centrifuged 
at 2160 x. The supernatant was deposited into a 
round-bottom flask. This solution was concentrated 
with a rotary evaporatorand redissolved to complete a 
particular volume(1 mL) and stored in a 2 mL vial at 
5 ° C until analysis was carried out. 
2.1.2.2.Protocol 2. 15 mg of pulverized seed was 
placed in a 20 mL centrifuge tube. 5 mL of 80% 
ethanol were added. The sample was incubated at 80 
° C for 30 minutes, allowed to cool and intensively 
homogenized by vortex shaker for two minutes, and 
then centrifuged three minutes at 2160 x. The 
supernatant was deposited into a round-bottom flask. 
This solution was thenhandled and stored as 
performed in protocol 1. 
2.1.2.3.Protocol3.15 mg of powdered seed was placed 
in a 20 mL centrifuge tube. 5 mL of 80% methanol 
was added. The sample was incubated at 65 ° C for 
120 minutes, sodium hydroxide was added until 
reaching a concentration of 0.15M. The sample was 
thoroughly homogenized by a vortex stirrer for ten 
minutes and 25 μl of glacial acetic acid was added, 
then centrifuged for ten minutes at 2160 x. The 
supernatant was deposited into a round-bottom 
flask.This solution was thenhandled and stored 
asperformed in protocol 1. 
2.1.2.4.Protocol 4. 15 mg of pulverized seed was 
placed in a 20 mL centrifuge tube. 5 mL of 80% 
ethanol previous acidified to 1 M with HCl were 
added. The sample was incubated at 80 ° C for 60 
minutes it was allowed to cool, intensively 
homogenized by vortex shaker for two minutes and 
then centrifuged three minutes at 2160 x. The 
supernatant was deposited into a round-bottom 
flask.This solution was then handled and stored 
asperformed in protocol 1. 
 
III. RESULTS AND DISCUSSION 
 
HPLC-based chromatography analyses showed clear 
differences in the composition of isoflavones 
regarding origin and extraction procedure. The most 
content was found in seeds from Cajica. In addition, 
results suggest that treatment 3 enable detection of 
most isoflavones, all along the range from 5 to 25 
minutes of retention.On the other hand, treatment 4 

generated the highest amounts of hydrolized 
isoflavones, showing high intensity of 7–O-
glucosides and other aglycones. After that treatment, 
few compounds were detected in the rest of the range 
in comparison to test 3. On this sense, the higher 
amount of free isoflavone-like aglicones were found 
in protocol 1 (without effect by heating) similar to 
that of 3, although with more component due to acid 
hydrolysis.  
 
CONCLUSIONS 
 
Conditions of the protocol 1 are highly recommended 
for cases in which the 12 most abundant molecules of 
isoflavones have to be studied together and the 
second one hydrolyzes a part of the isoflavones 
present as soon as 30 minutes after incubation 
allowing detection a part of the 7–O-glucosides and 
the other aglycones generated. On the other hand, 
with the basic hydrolysis performed after the third 
procedure, the releasing of the acetyl forms was 
achieved although some forms of malonyl glucoside 
remain conjugated, while fourth procedure achieved 
the acid hydrolysis of the samples resolving the 
hydrolytic resistance. All types of isoflavones, which 
were extracted by performing the fourth treatment 
with 80% acid ethanol, were also extracted with the 
first method.On this sense, considering that it has 
been documented that isoflavones undergo hydrolysis 
of their glucosides in the human digestive tract 
(Setchell et al., 2002), the measurement of total 
isoflavones allows knowing the amount of active 
ingredient that is ingested when consuming products 
derived from Lupinus mutabilis. 
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