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Research article

Peanut’s (Arachis hypogaea L.) tegument, rich in 
polyphenols as a source of bioactive compounds in a 
functional product kind marzipan
Ortiz-Moreno Alicia*1, Briseño-Bugarin Jorge 1, Sánchez-Pardo María Elena1, Dávila-
Hernández Gabriela1 

1 Instituto Politécnico Nacional, Escuela Nacional de Ciencias Biológicas, Departamento de Ingeniería Bioquímica. 
Avenida Wilfrido Massieu esquina Cerrada Miguel Stampa S/N. c. p. 07738 Delegación Gustavo A. Madero. Ciudad 
de México.

*Corresponding author: ortizalicia@hotmail.com 

Abstract. In 2014, Mexican agribusiness produced 96,300 tons of peanut (Arachis hypogaea L.). Their industrial 
processing generated: 3,900 tons of tegument (approximately 3%); most of these tons are unused and often become 
environmental pollution problem. Several studies have shown that this by-product contains phytochemicals, such as 
polyphenols, which are associated with a high antioxidant capacity and thus with benefits in relation to human health. 
whose concentrations depend on the variety, maturity and crop conditions. The aim of this work was to incorporate 
tegument in the marzipan formulation to increase the polyphenol content, obtaining a functional food. Peanut tegument 
had the following content of polyphenols and antioxidant capacity: total phenols of 72.11 ± 7.81 mg of gallic acid 
equivalents / g, and an antioxidant capacity determined by the ferric reducing antioxidant power (FRAP) method 
of 491.4 ± 54.2 μmol of Trolox / g. Marzipan added with 1.8 and 3.7 % of peanut tegument increases 5 and 12 fold 
respectively the polyphenol content, and 3.5 and 5.5 fold respectively the antioxidant capacity determined by FRAP. 
Flavonoids content, DPPH antioxidant capacity, and iron chelating activity also presented an increase in marzipans 
with tegument. The following polyphenols were identified by high-performance liquid chromatography (HPLC) in 
marzipans added with 3.7 % of peanut tegument: catechin, caffeic acid, p-coumaric, and luteolin. Marzipans added 
with 1.8 and 3.7% of peanut tegument presented a sensory acceptance of 8 compared with 9 of control marzipan. 
Peanut tegument could be considered as a good polyphenol source for functional foods development.

Resumen. En 2014 en el agro mexicano se cosecharon 96,300 toneladas de cacahuate (Arachis hypogaea L.). Su 
procesamiento industrial generó: 3.900 toneladas de tegumento (aproximadamente 3%); la mayoría de estas 
toneladas no se utilizan y con frecuencia se convierten en un problema de contaminación ambiental. Varios estudios 
han demostrado que este subproducto contiene fitoquímicos, como los polifenoles, que están asociados con una 
alta capacidad antioxidante y, por lo tanto, con beneficios en la salud humana. .Sus concentraciones dependen de 
la variedad, la madurez y las condiciones del cultivo. El objetivo de este trabajo fue incorporar tegumento en la 
formulación de mazapán para aumentar el contenido de polifenoles y así obtener un alimento funcional. El tegumento 
de cacahuate presentó el siguiente contenido de polifenoles y capacidad antioxidante: fenoles totales de 72.11 ± 7.81 
mg de equivalentes de ácido gálico/g, y una capacidad antioxidante determinada por el método FRAP de 491.4 ± 
54.2 μmol de trolox / g. El mazapán adicionado con 1.8% y 3.7% de tegumento de cacahuate incrementó en 5 y 12 
veces respectivamente el contenido de polifenoles y en  3.5 y 5.5 veces respectivamente la capacidad antioxidante 
determinada por FRAP. El contenido de flavonoides, la capacidad antioxidante determinada por DPPH y la actividad 
quelante de hierro, también presentó un aumento en los mazapanes con tegumento. Los siguientes polifenoles se 
identificaron mediante high-performance liquid chromatography (HPLC) en mazapanes añadidos con un 3,7% de 
tegumento de cacahuate: catequina, ácido cafeico, p-cumárico y luteolina. Los mazapanes añadidos con tegumento 
presentaron una aceptación sensorial de 8 en comparación con 9 de mazapán de control. El tegumento del cacahuate 
puede considerarse una buena fuente de polifenoles para el desarrollo de alimentos funcionales.

Keywords. peanut, waste, polyphenols, marzipan, tegument. Routray W & Orsat V. 2012. Microwave-assisted 
extraction of flavonoids: a review. Food Bioproc Tech. 5(2): 409-424. 
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INTRODUCTION 

In recent years food industry has increased its 
interest by the use of agro-industrial wastes to 
develop functional foods; due to they are natural 
sources of polyphenols and dietary fiber which can 
be used as a nutraceutical to improve the nutritional 
quality of foods. 

Peanuts are an important crop in many parts of 
the world with a production with a production of 
42.3 millions of tons in 2014 for 2014.  Recent 
data shows that in the United States production of 
peanuts were about 2.4 million tons (USDA 2014) 
and 96,000 tons in Mexico1. Peanut tegument 
(teste or seed coat), comprising about 3.0% (w/w) 
of a peanut seed, tegument is a low-value, residue 
material resulting from industrial peanut blanching 
and roasting. Tegument removal is normally done 
in preparation for the production of products such 
as peanut butter. Approximately 90,000 tons of 
peanut tegument are accumulated annually in the 
United States and 3,900 tons in Mexico, as a result 
of peanut processing. Nowadays, peanut tegument 
use is generally limited to animal feeds2. The 
tegument has the potential for antioxidant capacity 
and shelf-life improving lipid-containing foods3.

Peanut tegument is rich in procyanidins, which are 
monomeric derivatives of flavan-3-ols (catechin 
and epicatechin) linked to oligo and polymer 
compounds. Procyanidins exhibit antioxidant, anti-
inflammatory, cardiovascular, antimicrobial and 
anticancer properties4. Also, tegument contains 
phenolic acids such as protocatechuic, p-coumaric, 
gallic, caffeic, ferulic, sinapinic and ellagic 5.

Phenolic compounds or polyphenols are the most 
extensive group of non-energetic substances present 
in foods from plants6. These molecules are secondary 
plant’s metabolites that contribute to the sensory 
qualities as taste and color. Also, polyphenols have 
an influence on the foods nutritional value; possess 

pharmacological properties, as well as provide a 
defense against the pathogen, insect and herbivore7. 
The chemical structure of the phenols has one or 
more aromatic rings, with one or more hydroxyl 
groups. Its free radical scavenging activity consists 
of the ability to directly inactivate reactive oxygen 
species (EROs) or pro-oxidant metal ions 6.

Although studies on polyphenols composition 
and antioxidant properties began by 1990s, 
nowadays there are few reports related to their 
use as ingredients in foods. A high content 
of polyphenols in foods could be beneficial 
for human health; however, products could 
become bitter and astringent. For this reason, it 
is necessary to conduct research in order to find 
the correct amount of ingredients to increase the 
antioxidant properties of foods, without affecting 
the level of sensory acceptance 8.

Francisco, Resurreccion in 2009 and Ma 2014 
have formulated different food products mainly 
peanut butter and butters incorporating the peanut 
tegument as an ingredient; however, there are few 
reports on the preparation of confectionery products, 
especially marzipan. This is a sort of candy made 
with peanut and sugar, traditionally consumed in 
Mexico, who mainly provides proteins, vitamins, 
and minerals as well as fatty acids such as an oleic, 
linoleic and palmitic acid 9,10,11.

The aim of this work was to incorporate peanut 
(Arachis hypogaea L.) tegument in marzipan to 
obtain a functional food.

MATERIALS AND METHODS 

Peanut (Arachis hypoagae L.), Virginia variety was 
collected from Xomor agroindustry, located in the 
Central of Abastos in Mexico City in November 
2016. The area of peanut cultivation was in the 
Morelos State, Mexico. The peanut vegetative 
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cycle was approximately 130 days, and then was 
sun dried for five days and mechanically husked. 
The teguments were obtained by peeling peanuts 
by hand. Teguments were ground with a domestic 
blender until the sample pass mesh 40. Samples 
were stored in polyethylene bags at 4°C until use. 

Marzipan preparation

Based on sensorial test done among the participants 
in the work; the marzipan formulation was 
developed following the different formulations are 
shown in table 1. 

Table 1.  Marzipan formulations.

Ingredients c Lot II Lot III

Peanut Seed  
(g)

100 97.5 95

Sugar (g) 35 35 35
Tegument 

(g)
0 2.5 5.0

The peanut dry bleaching was performed on 
the bare grain at 175 ° C for 5 minutes. The bare 
peanut grain was ground using a domestic blender, 
the other sugar and tegument were added and 
mixed until obtaining a homogenous mixture. The 
marzipan was shaped using a kitchen press.

Polyphenols quantification

The content of total polyphenols was quantified 
using the technique proposed by Osorio12. Folin-
Ciocalteu reagent (1:10, 900 μl) was mixed in 
amber tubes with 100 μl of aqueous extract. The 
reaction was allowed to stand for 5 minutes and 750 
μl of 7% sodium bicarbonate was added. Solutions 
were shaken for 30 seconds using a vortex and 
then allowed to reach room temperature for 90 
minutes. Finally, the absorbance was measured 
using the spectrophotometer Genesys 10-UV-VIS 
at 725 nm and compared to a calibration curve 

with gallic acid. The results were expressed in mg 
equivalents of gallic acid (GAE) / g dry sample. 
All measurements were made in triplicate and 
their standard deviation was calculated.

Flavonoids quantification

The flavonoid content was determined following the 
technique proposed by Osorio12. 250 μL of aqueous 
extract plus 1,250 μL of distilled water and 75 μL 
of 5% NaNO2 were placed in a 5 mL microtube; 
the reaction was vigorously shaken for 30 seconds 
and then allowed to stand for 6 minutes. Then 150 
μL of 10% AlCl3 was added and the mixture was 
allowed to stand 5 minutes at room temperature. 
To conclude, 500 μL of 1 M NaOH plus 275 μL 
of distilled water were added. Absorbance was 
measured using the spectrophotometer Genesys 
10-UV-VIS at 510 nm. The flavonoid content was 
calculated using a catechin (CA) calibration curve.

Antioxidant capacity

DPPH (2, 2-diphenyl-1-picrylhydrazyl)
The DPPH radical method was carried out 
as described by Brand-Williams13 with some 
modifications. Aqueous extract (50 μL) plus 1,950 
μL of 60 μM DPPH solution were placed in a 2 mL 
microtube. The mixture was stirred for 30 seconds 
and allowed to stand for 120 minutes. Absorbance 
was measured using a spectrophotometer Genesys 
10-UV-VIS at a wavelength of 515 nm. The free 
radical scavenging activity was evaluated by 
measuring the decrease of absorbance al 515 nm. 
Antioxidant capacity was expressed as µM of 
Trolox equivalents / g d.m., using the calibration 
curve or Trolox (0-700 µM).

Ferric reducing power (FRAP)

FRAP was determined by the technique proposed 
by Benzie14 and Berker15. For this purpose, 
FRAP reagent was prepared, mixing 1,500 μL of 
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reagent plus 50 μL of aqueous extract and 150 μL 
of distilled water. The reaction was vigorously 
shaken for 30 seconds, incubated at 37 ° C for 20 
minutes and then allowed to stand for 6 minutes 
and immediately the absorbance was measured 
at 595 nm using a spectrophotometer Genesys 
10-UV-VIS. To calculate the antioxidant 
capacity, a calibration curve was made using 
Trolox standard.

Iron ion chelating capacity

The chelating capacity of the aqueous extracts 
was determined by the method implemented 
by Dinis16, and developed by Wang17. One 
hundred μL of aqueous extract, 100 μL of 
0.2 mM FeCl2 · H2O and 100 μL of distilled 
water were deposited in 5 mL microtubes. The 
mixture was stored at room temperature (28 
° C ± 2) for 30 seconds. To the reaction was 
added 100 μL of 5 mM ferrozine, stirred for 
30 seconds and stored, at room temperature for 
10 minutes. Subsequently, absorbance changes 
of the Fe 2+ -ferrozin complex were measured 
at a wavelength of 562 nm using a Genesys 
10-UV-VIS spectrophotometer, the curve of 
EDTA-Na2 (disodium ethylene diamine. The 
chelating capacity was calculated using a 
calibration tetra acetic acid).

Identification of Polyphenols by High 
Performance Liquid Chromatography (HPLC)
It was performed in an Agilent 1100 system, 
equipped with a quaternary pump G1311, a 
degasser G1379A, and an automatic dispenser 
G1329A. For separation, a C-18 column 
was prepared with a mobile phase elution a) 
0.1% formic acid and b) 0.1% formic acid in 
acetonitrile at a flow rate of 0.5 mL/minute. 
Standards, p-coumaric acid, caffeic acid, and 
catechin were prepared with a concentration of 
1 mg/0.02 mL; prepared and standard samples 
were injected into the column5.

Sensory evaluation

An affective test for marzipan in its different 
substitutions of teguments was elaborated 
using a hedonic scale of 5 points to determine 
the marzipan with greater acceptability, for 
this was requested the participation of 100 
people. To measure acceptability, grades were 
assigned to each level of enjoyment on a 
maximum scale of 10 points.

STATISTICAL ANALYSIS

All data were reported as mean ± standard 
deviation of three replications. Statistical 
analyses were conducted using SPSS version 
15 (SPSS Inc., Chicago). Data were analyzed 
by one way ANOVA procedures and differences 
among the means compared using Tukey´s test 
with a level of significance p<0.05.

RESULTS 

Polyphenols and Flavonoids Content
Peanut tegument had the following content of 
polyphenols and antioxidant capacity: total 
phenols of 72.11 ± 7.81 mg of gallic acid 
equivalents / g, and an antioxidant capacity 
determined by the FRAP reducing power method 
of 491.4 ± 54.2 μmol of trolox / g. Figure 1 and 2 
show the total polyphenol and flavonoids content 
of marzipans with peanut tegument added. 

Figure 1. Total polyphenol content of marzipans with 
different level of peanut tegument added.    
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Figure 2. Flavonoids content of marzipans with 
different level of peanut tegument added. *Different 

letters mean significant difference (P<0.05)

Antioxidant capacity

In Table 2 is shown the antioxidant capacity 
(FRAP and DPPH) and chelator capacity 
of marzipan, added with different levels of 
peanut tegument.

Table 2. Antioxidant capacity (FRAP and DPPH) and 
chelator capacity of marzipan, added with different levels 
of peanut tegument.

Lot
DPPH
(µmol 
TE/g)

FRAP
(µmol 
TE/g)

Chelating 
activity
(µg ED-
TA/g)

I Tegument 
0%

(control)
6.72 ± 0.17 b 41.01 ± 

0.173 b
3.69 ± 
0.42 b

II Tegument 
1.8 %

22.98 ± 
0.44 c

54.40 ± 
0.40 c

5.46 ± 
0.11 c

III Tegument 
3.7 %

32.32 ± 
1.12 d

65.50 ± 
3.52 d

8.16 ± 
0.30 d

*Different letters means significant difference (P<0.05)

Identification of Polyphenols by High 
Performance Liquid Chromatography (HPLC)
The HPLC chromatograms obtained from 
marzipan with 3.7% of peanut tegument 
added are shown in figure 3. 

Figure 3. HPLC chromatograms obtained from marzipan 
with 3.7% of peanut tegument added

The following polyphenols were identified 
and quantified in marzipan added with 3.7 % 
of peanut tegument: catechin 4.31 mg/100g, 
caffeic acid 2.39 mg/100g and p-cumaric acid 
1.60 mg/100g.

Sensory evaluation

The results of sensory evaluation of the marzipans 
added of peanut tegument are shown in figure 4.

Figure 4. Acceptation level of marzipans added different 
levels of peanut tegument.

DISCUSSION 

Marzipans without tegument addition (control) 
had a polyphenol concentration of 2.81 ± 0.13 
mg EAG /g. Since marzipan is 74% peanut seed 
and 36% sugar this result is comparable with 
the values obtained by Mahatma 18 who found 
concentrations of polyphenols from 1.38 to 3.87 
mg EAG / g in peanut seeds of Chinese crops.
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Marzipans with the addition of 1.8% and 3.7% 
of peanut tegument showed an increase of 
1.9 and 2.2 fold in polyphenols concentration 
compared with the control marzipan (figure 
1). These increases were higher than those 
described by Hathorn3 who developed peanut 
butter and paste with substitutions of 5% 
peanut tegument, which showed an increase in 
polyphenol concentration of 1.6-fold.

Although the nutritional contribution of 
processed marzipan cannot be compared with 
those offered by diets rich in fruits and vegetables, 
it can be used as a confectionery product 
with functional properties. Scalbert19 suggest 
consuming one gram of polyphenols daily. 
Under this condition, the intake of marzipan at 
3.7% substitution can represent approximately 
20% of polyphenols recommendation.

Marzipans with 1.8 % and 3.7 % substitution 
had 5 and 12-fold more flavonoids, than 
control marzipan (figure 2). In both products 
added with peanut tegument flavonoids 
represented approximately 45% of the total 
polyphenols.

Studies conducted by Routray 20 suggest the 
consumption of diets rich in flavonoids have 
an activating effect of the immune system. 
Stalikas21 recommends a minimum intake 
of 50 mg flavonoids of per day; values; this 
recommendation could be reached with the 
consumption of a portion of 28 g of marzipan 
with the substitution of 3.7 %.

Also, the content of polyphenols found 
in the tegument could increase the shelf 
life of marzipan prepared as suggested by 
Munekata22 . Authors such as Win23 reported 
that the polyphenols contained in the peanut 
tegument fulfill an antioxidant activity similar 
to synthetic polyphenols such as BHA.

The antioxidant activity results of the 
polyphenols contained in the marzipans added 
with tegument are shown in Table 2. The 
antioxidant activity evaluated by the DPPH 
radical in the marzipans with substitutions of 
1.8 % and 3.7 % of tegument had an increase 
of 3.5 and 5.5-fold, respectively.
 
These increases were similar to those reported 
by Camargo8 who developed biscuits with a 
substitution of up to 2.5 % of peanut tegument, 
which presented an increase of 3.5-fold 
(1,028 - 3,607 mole equivalent of catechin / 
g). These results indicate the possibility that 
marzipans added of tegument could be used as 
functional products with antioxidant activity.

The ability of polyphenols to reduce iron ions 
was measured by the FRAP method. Camargo 
8) suggest that this increase is a consequence of 
the high content of proanthocyanidins present 
in peanut tegument. This compound has several 
hydroxyl groups that cause this effect. 

In addition to the properties of radical 
scavengers and iron reducers polyphenols 
also have the ability to chelate metals such as 
iron and copper ions. In Table 2, an increase 
in chelating capacity was observed, ranging 
from 3.69 to 8.16 μg EDTA / g in the products 
added with peanut tegument. The marzipan 
with the substitution of 3.7 % presented an 
increase of 2.2-fold with compared with 
control marzipan. Procházková 24 suggests 
that flavonoids are able to chelate iron and 
copper by its catechol group, reducing the 
production of free radicals. 

The following polyphenols were identified by 
liquid chromatography in marzipans added 
with 3.7 % of peanut tegument: catechin, 
caffeic acid, p-coumaric, and luteolin in 
samples added with 3.7 % of peanut tegument 
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(figure 3). The areas under the curve of each 
polyphenol were detected by comparing their 
retention times (RT) with those generated by the 
standards under the same conditions of polarity 
and flow velocity. 

The catechin was identified at wavelengths of 280 nm, 
while caffeic acid and p-coumaric acid were found at 
320 nm and luteolin at 350 nm.

The chromatograms are comparable to those obtained 
by Camargo5 and Constanza4 who found similar 
proanthocyanidin-type polyphenol chromatography 
conditions. These authors compared the levels of 
proanthocyanidins from the peanut tegument with 
those contained in grapes, which are considered as 
an important source of these polyphenols.

The amounts of polyphenols found suggested 
that the tegument and peanut marzipan contain 
mainly catechin. The luteolin was detected in the 
peanut tegument and do not in the marzipan; this 
could suggest that the peanut tegument added 
to the marzipan was not able to incorporate this 
polyphenol. In addition, it is confirmed that 
luteolin is a specific antioxidant of the tegument 
and not of the peanut seed.

The results of the sensory evaluation showed a 
“like” acceptance level for the three samples (from 
8-9). The acceptance marzipans with substitutions of 
1.8 % and 3.7 % of peanut tegument were 8 and the 
acceptance for the marzipan control was 9 without 
significant difference (P<0.05) (figure 4). Marzipans 
with tegument added presented a slight astringent 
taste, which was attributed to the polyphenols of the 
tegument as suggested by Camargo 8.

CONCLUSIONS

The analysis of peanut processing industry by-
products solid wastes provided evidence that 
peanut tegument is a very rich source of phenolic 

antioxidants, and thus a deeper study of this 
product that aims at implementing techniques for 
industrial exploitation merits further consideration. 
It was also shown that tegument could be added to 
products like marzipan increasing its antioxidant 
activity, with a good sensorial acceptance.
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Abstract. The peanut (Arachis hypogaea) plant is generally thought to have originated in South America. Spread by 
European explorers, the plant eventually reached Asian, Africa, and North America. The current top three producers of 
peanuts are China, India, and the U.S. The 2014 worldwide peanut production was 43.9 millions of tons; their industrial 
processing originates as a waste: 1.5 millions of tons (3%) of tegument rich in phenolic compounds. The aim of this 
research was to incorporate peanut tegument in corn chips obtaining a functional food. The tegument was chemically 
and functionally characterized and the added in 2.5% and 3.75% in corn chips formulation. The sensorial evaluation 
was done to the chips with 2.5% and 3.75% tegument added to select the best concentration. An untrained panel of 80 
people evaluated the sensory characteristic of corn chips. Only the antioxidant capacity, the total, resistant and available 
starch and the glycemic index were evaluated to the chips added with the percentage of addition of peanut tegument with 
better sensory results. Tegument chemical composition showed: 19.1 g/100g of proteins, 13.9 g/100g of ethereal extract 
and 19.4 g/100g of crude fiber. Polyphenol content increased in 1.5 fold, antioxidant capacity ABTS increased 1.51 
fold DPPH 1.57 fold in corn chips with 2.5% peanut tegument added. No significant differences (P≤0.05) were found 
in sensory parameters evaluated in chips added with 2.5% and 3.75 with peanut tegument. Total, resistant and available 
starch do not present significant differences (P≤0.05) compared with control corn chip. Peanut tegument resulted from a 
good source antioxidant compounds for functional product development.

Resumen. La planta de cacahuate (Arachis hypogaea L.) se cree que se originó en América del Sur. Transportada por los 
exploradores europeos, finalmente llegó a Asia, África y América del Norte. Los tres principales productores de cacahuate 
son China, India y los Estados Unidos. La producción mundial de cacahuate en 2014 fue de 43.9 millones de toneladas, su 
procesamiento industrial originó como un desperdicio: 1.5 millones de toneladas (3%) de tegumento rico en compuestos 
fenólicos. El objetivo de esta investigación fue aprovechar el tegumento de cacahuate en chips de maíz. El tegumento se 
caracterizó química y funcionalmente. Se evaluó sensorialmente a los chips con 2.5 %y 3.75 % de tegumento adicionado 
para seleccionar la mejor concentración. Un panel no entrenado de 80 personas evaluó la característica sensorial de los 
chips. Solo se evaluó la capacidad antioxidante, el almidón total, resistente y disponible y el índice glucémico a los chips 
adicionados con el porcentaje de adición de tegumento de cacahuate con mejores resultados sensoriales. Un panel no 
entrenado de 50 personas evaluó sensorialmente los chips de maíz. La composición química del tegumento mostró: 19.1 
g/100 g de proteínas, 13.9g/100g de extracto etéreo y 19.4 g/100 g de fibra bruta. El contenido de polifenoles aumentó en 
1.5 veces, la capacidad antioxidante ABTS aumentó 1.51 veces y DPPH 1.57 veces en los totopos de maíz con un 2.5% 
de tegumento de cacahuate añadido. No se encontraron diferencias significativas (P≤0.05) en los parámetros sensoriales 
evaluados en los chips agregados con 2.5%, y 3.75%  de tegumento. El almidón total, resistente y disponible no presentó 
diferencias significativas (P≤0.05) en comparación con el control del chip de maíz. El tegumento del cacahuate resultó en 
una buena fuente de compuestos antioxidantes para el desarrollo de productos funcionales.

Keywords. Peanut, tegument, physicochemical, functionally, use of residues 
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INTRODUCTION 

The peanuts (Arachis hypogaea) also known as 
groundnut is a legume crop grown mainly for its 
edible seed. The peanut plant has a height of 30 
to 40 centimeters, with branches tended; the seeds 
are surrounded by a very thin cover (tegument) 
whose color varies from red to coffee, according 
to its subspecies and variety. This seed is the part 
most widely consumed legumes in the worldwide1  
countries like China, India, Nigeria, the United 
States and Senegal are positioned as the main 
producers. Consequently, shell and tegument 
wastes are generated, which are usually released 
into the soil, thus generating contamination that is 
hardly degradable when exposed to the outside.2
 
An important characteristic of the residues is the 
content of bioactive compounds, better known as 
nutraceutical substances, which in the definition are 
chemical or biological substances, considered as 
food or part of it, capable of providing great health 
benefits ranging from breeding. Physiological 
functions to the prevention or treatment of certain 
disease within this group are fibers, pigments, 
flavonoids, phenolic compounds and vitamins 
to mention a few3 noting that some of these are 
found in the peanut tegument. Industrial processing 
originates as a waste: 1.5 millions of tons (3%) 
of tegument rich in phenolic compounds. The 
objective of the present work was to produce a 
functional corn chip added of peanut tegument.

MATERIALS AND METHODS

Peanut (Arachis hypogaea L.), Virginia variety was 
collected from Xomor agroindustry, located in the 
Central of Abastos in Mexico City in November 
2016. The area of peanut cultivation was in the 
Morelos State, Mexico. The peanut vegetative 
cycle was approximately 130 days, and then was 
sun dried for five days and mechanically husked. 
The teguments were obtained by peeling peanuts 

by hand. Teguments were ground with a domestic 
blender until the sample pass mesh 40. Samples 
were stored in polyethylene bags at 4°C until use. 

Conditioning of the raw material

The size reduction was performed in a cyclone 
mill followed by a size classification; 500 g 
were weighed, and then passed through Tyler 
40 mesh sieves. 

Characterization of tegument

Chemical 

Proximal chemical analysis was performed 
according to the official methods described by 
the Association of Official Analytical Chemist 
(AOAC, 2006), covering the following analyzes: 
moisture (Method 934.01); total ash (method 
955.04); total protein % N X 6.25 (Method 993.19); 
ethereal extract (Method 920.39); crude fiber by 
acid-alkali hydrolysis (Method  991.42) and total 
carbohydrates as nitrogen-free extract (ELN).

Functional 

All determinations were performed using the 
methodology proposed by Zambrano.5

Water absorption capacity (WAC)

In a tube Falcon was placed 0.5 g of the sample, 
then 5 milliliters of water were added and stirred 
for 30 minutes; then centrifuged for 10 minutes at 
3000 rpm, the supernatant removed and concluded 
by weighing the supernatant, weight was; finally, 
its calculation by equation 1, and report in mL of 
water/gram of dry sample.

Equation 1

WAC=
p2 − p1(mL water)
P sample weight (g dry sample)
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Oil absorption capacity (OAC)

In a tube Falcon was placed 0.5 g of the 
sample, which was added 5 mL of extra 
virgin olive oil and stirred for 30 minutes; 
taking the sample centrifuged for 10 minutes 
at 3000 rpm, remove the supernatant after 
even though the sediment, and finally it was 
reported in gram of oil/gram of sample with 
the calculation with the equation 2.
 
Equation 2

Capacity of ions retention (CIR)

2 g of sample were weighed and 20 mL of 2 
N HCl were added, allowed to stand for 24 h 
and the excess acid was removed by washing 
the sample with a saturated NaCl solution. 
Afterwards, the sample was placed in an 
Erlenmeyer flask, adding 20 mL of distilled 
water and 3 drops of phenolphthalein. The 
ions obtained were determined by titration 
with 1 n naoh. the ion uptake capacity was 
expressed in meq of H +. And it is expressed 
as meq [H +] / g of dry sample. Its calculation 
is obtained by equation 3.

Equation 3
                                                         

Water retention capacity (WRC)
 
0.5 g of dry sample was placed in a graduated 
tube, the volume (Vo) occupied by the sample 
was measured, then 5 mL of water was added, it 
was left to rest for 24 h and the final volume was 
measured (Vf ) of the sample. It is reported in 
mL of water / g of dry sample and was calculated 
under the equation 4.

Equation 4

Corn chip formulation and preparation

Nixtamalized corn flour was mixed with salt 
and peanut tegument in the proportions shown 
in table 1, 60 mL of water was added until 
the dough was obtained. Then, dough was 
punched and baked at 150 ° C for 30 minutes.

Table 1. Corn chips formulation

Ingredient
(g) Lot 1 Lot 2 

(2.5%)
Lot 3 

(3.75%)

Corn flour 40 39 38.5

Salt 1.0 1.0 1.0

Peanut
tegument 0 1.0 1.5

Sensory evaluation

The sensorial evaluation was done to the 
chips with 2.5% and 3.75% tegument 
added to select the best concentration. 
An untrained panel of 80 people was 
requested in order to evaluate the sensory 
characteristic of corn chips.  An affective 
test for the chip in its different substitutions 
of tegument was elaborated using a hedonic 
scale of 5 points to determine the chip 
with greater acceptability. To measure 
acceptability, grades were assigned to each 
level of enjoyment on a maximum scale of 
10 points using one way ANOVA procedures 
as statistical analysis.

OAC=
p2 − p1(g oil)
P sample weight (g dry sample)

WRC=
Vf (mL) − Vo (mL)
Sample weight (g)

CIC=
P sample weight
(n equiv HCl)(mL worn)

/1000[ ]
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Total polyphenols

Total phenol extracts were obtained by placing 1 
g of sample in an aluminum-coated beaker with 
10 mL of a methanol: water solution (60:40, 
v/v) in triplicate. The mixture was stirred for 30 
minutes covered with plastic, then filtered in an 
amber colored vial and the extract was stored 
in the freezer until its use for quantification of 
polyphenols and measurement of antioxidant 
capacity.

For the quantification of total polyphenols, 100 
μL of the extract was taken and placed in an 
amber vial, 750 μL of the Folin Ciocalteu reagent 
(1 mL of reagent in 10 mL of distilled water) was 
added, passing between each tube 10 seconds. 
The samples were left to rest for 5 minutes, 
then 750 μL of a solution of NaHCO3 (60 g/L) 
was added, respecting the 10 seconds. It was 
left at rest for 90 minutes at room temperature 
and in darkness. Absorbance was measured 
using a spectrophotometer Genesys 10-UV-VIS 
at a wavelength of 760 nm. The readings were 
compared with a calibration curve for gallic 
acid, the results were expressed in gallic acid 
equivalents (mg GAE / g dry sample).

Antioxidant capacity

DPPH (2, 2-diphenyl-1-picrylhydrazyl)

The DPPH radical method was carried out 
as described by Brand-Williams6 with some 
modifications. Aqueous extract (50 μL) plus 1,950 
μL of 60 μM DPPH solution were placed in a 2 mL 
microtube. The mixture was stirred for 30 seconds and 
allowed to stand for 120 minutes. Absorbance was 
measured using a UV-Vis light spectrophotometer at 
a wavelength of 515 nm. The antioxidant capacity 
was calculated using a Trolox (acid-6-hydroxy-2, 5, 
7, 8-tetramethylchroman-2-carboxylic) calibration 
curve using μM Trolox equivalent units (μmoL ET).

ABTS (2,2’azinobis-(ethylbenzthiazolin-6-
sulfonic acid)

The ABTS method was performed according to 
the methodology suggested by Re7. The ABTS 
radical preparation was as follow 0.0384 g 
of ABTS reagent was weighed and 0.0066 g 
of potassium persulfate was added; the two 
reagents are mixed and diluted to 10 mL with 
distilled water at rest by 16 h. The aqueous 
solution of ABTS is dissolved with absolute 
ethanol (1:100) having an absorbance of 0.7 
(± 0.02) at 734 nm. Absorbance was measured 
using a spectrophotometer Genesys 10-UV-
VIS at a wavelength of 734 nm. The free 
radical scavenging activity was evaluated by 
measuring the decrease of absorbance al 734 
nm. Antioxidant capacity was expressed as µM 
of Trolox equivalents /g dry sample using the 
calibration curve or Trolox (0-700 µM).

In vitro digestibility of starch

The evaluation of total starch, resistant starch, 
digestible starch and glycemic index was 
carried out according to the methodology 
proposed by Goñi8.

Hydrolysis index and prediction of the glycemic 
index

Glycemic index prediction was determined using 
the equation 5 of Grandfeldt.9
 

Equation 5          
𝑝𝐼𝐺 = 8.198 +0.862 (HI)    

Statistical analysis

All data were reported as mean ± standard 
deviation of three replications. Statistical analyses 
were conducted using SPSS version 15 (SPSS 
Inc., Chicago). Data were analyzed by one way 
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ANOVA procedures and differences among the 
means compared using Tukey´s test with a level 
of significance p<0.05.

RESULTS 

Characterization of tegument

Chemical 

In table 2 is presented the chemical composition 
of the peanut tegument. It can be seen that the 
higher component was that protein (19.1 g/100g) 
followed by crude fiber content (18.3 g/100g). 

Table 2. Proximal chemical analysis of the peanut 
tegument (g/100g).

Ashes  2.69  

Ethereal extract 13.99 

Tegument
(g/100 g sample )

Humidity  5.97  

Protein 19.12  0.09

Crude fiber 18.270.12 

Nitrogen-free-extract 38.78  0.09

Functional characterization of tegument

Functional properties of peanut tegument are 
shown in Table 3.

Table 3. Functional properties of peanut tegument 

Functional properties Tegument

Water absorption 
capacity WAC 7.32

Oil absorption
 capacity OaC 6.32 )

Capacity of ions 
retention CIR 1.91x10-5 ± 3.5x10-7  

Water retention 
capacityWRC

8.75 ± 0.43 
 

Sensory evaluation

Sensory evaluation results of corn chips added 
of 2.5 and 3.75% of peanut tegument are shown 
in figure 1.

Figure 1. Sensory evaluation of corn chips added with 
peanut tegument.

Total polyphenols and antioxidant capacity

The total polyphenol content and the antioxidant 
capacity (ABTS and DPPH) of corn chips with 
the addition of 2.5% of peanut tegument are 
shown in table 4.
  
Table 4. The content of total polyphenols and antioxidant 
activity of corn chips.

DPPH  
 (μMol Trolox/g dry 

sample)
1.4 ±0.22 2.2 ± 0.28

Corn chips        
without tegument

Corn chips with 
2.5 %  tegument

Total Polyphenols 
 (mg  de GAE/g dry 

sample)
0.12 ± 0.02 0.18±0.04

ABTS    
 (μMol Trolox/g dry 

sample)
15.76  ± 0.3 23.93 ± 0.5

In vitro digestibility of starch

The total, resistant and available starch of 
corn chips added to 2.5% peanut tegument are 
presented in Table 5.
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Table 5. Total, resistant and available starch (g/100g dry 
simple) of corn chips without and added with 2.5% of 
peanut tegument.

Corn chips
Tegument added

0% (control) 2.5 % 

Total starch 66.54± 0.03 a 65.33 ± 0.04 b

Resistant starch 4.38 ± 0.02 4.35  ± 0.04
Available starch 62.16 ± 0.02 60.98 ± 0.01

The curve of Glycemic index of corn chips 
without tegument and corn chips with 2.5 % 
tegument are shown in figure 2.

Figure 2. Glycemic index of corn chips without tegument 
and corn chips with 2.5 % tegument.

DISCUSSION

From Table 1 it can be seen that the major 
components of the peanut tegument were 
carbohydrates (38.8 g/100g), followed by 
protein (19.1 g/100 g), fiber (18.3 g/100g) 
and ethereal extract (13.99 g/100 g). The 
protein content resulted higher and oil lower 
compared with values reported by Nepote10 
who found in Argentinean peanut tegument 
(cv Florunner, 1999 crop year) 12.32 ± 0.21 
g/100g of protein and 16.60 ± 0.77 g/100g of 
oil. Differences could be attributed to the fact 
that Argentinian industrial blanched process 

produces a lot of particles of peanut flour that 
are mixture with peanut skins. These particles 
could have increased the oil content in the 
used material. Woodroof11 reported 12.68% 
protein and 11.76% oil. Differences in protein 
compared with our results could be explained 
in terms of variety of peanut tegument.

Water retention capacity is an important functional 
property in foods related to the size of the bolus 
of food that it will obtain. The peanut tegument 
presented a water retention capacity of  mL of 
water/g dry sample. Water absorption capacity, 
it is the maximum amount that can be retained 
when excess water is present. The WAC of peanut 
tegument was 7.32 mL of water/g. The capacity 
of oil absorption is based on the determination 
of the ability of fiber (especially lignin) to bind 
to bile acids, cholesterol, drugs, carcinogens, 
and mutagens to extract them and depends on 
the size of the molecules of the fiber to attract oil 
and other molecules. The results show that the 
peanut tegument is an agent with high capacity to 
extract organic molecules with a value of 6.32 g 
oil/g sample. The capacity of retention ions is the 
ability of the fiber to bind to cations and is related 
to the number of minerals that are absorbed in the 
intestinal tract by the fiber, so a high value is bad 
for because it would cause decalcification. The 
result obtained from the peanut tegument for this 
determination was very low (1.91x10-5 meq/g 
sample), which is considered suitable for human 
consumption since it would avoid decalcification 
problems as mentioned.

Corn chips added with 2.5% and 3.75% of 
peanut tegument presented better sensory 
acceptance (P≤0.05) in color, odor, flavor, and 
crunchy than control corn chip (Figure1). The 
average rating for all parameters of control 
corn chip was 6.5 compared with 8.0 for the 
chip of 2.5% and 3.75%. However, the dough 
kneading corn chip with 3.75% of tegument 
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presented more difficulty. Similar results were 
found by Camargo12, in peanut skin-fortified 
cookies, demonstrating where that peanut 
tegument added was well accepted.

Total polyphenols increased significantly (P≤0.05) 
1.5 fold in corn chips added with 2.5% peanut 
tegument. Win13 reported a polyphenol content of 
27.59 ± 2.82 mg GAE/g in peanut hull, which could 
explain their increase in corn chips Table 4.

The antioxidant capacity determined by ABTS of 
corn chips without tegument added resulted of 15.76 
± 0.3 μMol Trolox/g dry sample and the antioxidant 
activity presented a significant increase (P<0.05) of 
1.52 fold when 2.5% tegument was added (Table 4). 
There are not chips added with peanut tegument in the 
international market, but white bread was elaborated 
using different levels of substitution of grape seed 
extract, obtaining values of 1.5 to 7 μmol Trolox / g 
of dry sample14, these values are lower  than to our 
results in chips. The increase in antioxidant capacity 
determined by DPPH assay was 1.57 with significant 
difference (P<0.05). Win13 reported a DPPH value 
of 61.09 ± 4.15 μMol Trolox/g dry sample in peanut 
husk, this value agrees with the increases showed in 
corn chips in this research. 

The changes in total, resistant and available 
starch contained in the corn chip made with 2.5% 
tegument did not present influence the prediction of 
the glycemic index. According to the classification, 
the value of the glycemic index of the corn chip 
with 0% of tegument was 57.62 ± 0.06 compared 
with the value of 56.29 ± 0.06 for the chip with 
2.5% tegument. Both corn chips correspond to a 
medium glycemic index15.

CONCLUSIONS  

Peanut tegument is a low-value residue material 
from peanut processing which contains naturally 
occurring phenolic compounds. The use of this 

material to improve antioxidant capacity of 
foods can improve the nutritional value of foods. 
The improved nutritional quality and unchanged 
flavor profile occurring with low levels of 
peanuts skins in corn chips suggest a potential 
application of this technology in various food 
industries.
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Abstract. Integrated antioxidants in food, can be a good alternative for the control and treatment of 
some metabolic alterations. This study evaluated the acute toxicity of Arachis hypogaea by-products, 
as well as the effect of a functional product elaborated with them, in some markers of renal and hepatic 
function. Results showed that acute consumption of peanut seed coat does not caused toxicity, and that 
the intake during 14 days of a 5% of peanut seed coat functional product, does not significantly alter 
the creatinine and urea concentrations, or the GPT and ALP enzymatic activities.
 
Resumen. Los antioxidantes integrados a los alimentos, pueden ser una buena alternativa para el 
control y tratamiento de algunas alteraciones metabólicas. En este estudio se evaluó la toxicidad aguda 
de los residuos de Arachis hypogaea, así como el efecto de un producto funcional elaborado con ellos, 
sobre algunos marcadores de función renal y hepática. Los resultados obtenidos mostraron que el 
consumo agudo de la cutícula de cacahuate no provocó toxicidad, y que la ingesta durante 14 días de un 
producto funcional elaborado con 5% de cutícula, no altera de manera significativa las concentraciones 
de creatinina y urea, ni las actividades enzimáticas de la TGP y ALP.

Keywords. Obesity, antioxidant, polyphenol, mice, hepatotoxicity.
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INTRODUCTION 

In recent decades, there has been a rapid urbanization 
of communities once considered isolated or far 
away from large populations, this has given rise to 
a widespread change in lifestyles and as a result, an 
increase in the prevalence of obesity, especially in 
young people. Obesity is caused by different types 
of diets high in calorie, sedentary lifestyle, genetic 
factors and endocrine disorders.1 Diabetes and 
insulin resistance are associated with overexpression 
of several cytokines of adipose tissue, this alteration 
contributes to increased inflammation and 
accumulation of lipids, with the consequent negative 
effect on blood vessels.1,2 The accumulation of lipids 
include the intra-hepatic accumulation in the form 
of triglycerides, in which insulin resistance, plays 
an important role, facilitating the transport of fatty 
acids from the visceral warehouses to the liver, thus 
promoting the hepatic steatosis  and consequently 
the development of non-alcoholic fatty liver.3 

Antioxidants participate positively in the 
regulation of the oxidative stress caused by 
metabolic disorders, such as dyslipidemia and 
obesity. Currently, there is much broadcasting 
on certain phytochemicals components of some 
plant foods, focusing in a relevant way over those 
with antioxidant properties (phenolic compounds, 
carotenoids, etc).4,5 There are several studies 
showing their benefits on certain biochemical 
parameters, and as a result of these investigations, 
a large number of these agents are already available 
to the public in pharmaceutical forms, such as 
capsules, tablets, ampoules, etc. Unfortunately, 
sometimes these forms are not very attractive for 
their consumption, so the population draw on to 
the direct consumption of plant foods, of which the 
compounds with biological activity are isolated.

Several strategies, including drug treatment and 
change in lifestyle are applied in the management of 
patients with dyslipidemia and fatty liver. However, 

many people are turning to the use of the so-called 
“miracle products”, consuming these without 
any type of restriction, or consideration that some 
components of these foods, can cause liver damage 
due to the various mechanisms of biotransformation 
involved in this organ.

Some treatment alternatives proposed are the 
consumption of functional foods, especially those 
with a high content of antioxidant compounds, such 
as peanut (Arachis hypogaea).6 The aim of this work 
was to evaluate the effect of the consumption of 
dried peanuts by-products added in the manufacture 
of a nutraceutical product on some markers of renal 
and hepatic function in a preclinical model.

MATERIALS AND METHODS 

The animal experiments were carried out in 
accordance with the guidelines established by the 
Official Mexican Standard (NOM by its spanish 
acronym) for the care and handling of animals 
(NOM-062-ZOO-1999).7

All mice were provided by the certified company 
PROPECUA, S.A de C.V. and were housed in 
polypropylene cages in standard environmental 
conditions, using cycles of light-dark 12:12 h, with 
water and food ad libitum.

Peanut (Arachis hypogaea) was provided by the 
company XOMOR, S.A DE C.V.

Standard rodent food provided to the animals was 
Rat Chow 5012, Agribans Purina, Mexico.

Chemicals

Tween 80 (TG0714302, CAT 7095, MEYER); sodium 
cholate hydrate (C1254-100G, SIGMA); cholesterol 
from sheep wool 95% (GL) powder (C8503-1K, 
SIGMA); pure butter, 250 g (GLORIA GOURMET); 
Casein (RENNET IE1074EC, Ireland).
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RANDOX kits, for the automated determination 
of enzyme activity: glutamic pyruvic 
transaminase (GPT), and alkaline phosphatase 
(ALP), and for automated determination of 
creatinine and urea concentrations.

Analytical methods  

Determination of GPT and ALP enzyme activity
GPT enzymatic activity was determined 
using the UV optimized IFCC method (GPT 
assay kit AS 1202 and AL1200, RANDOX 
Laboratories Ltd, County Antrim, UK). ALP 
activity was determined by the DGKC method 
(ALP assay kit AP 307 RANDOX Laboratories 
Ltd, County Antrim, UK).

Table 1. Effect of conventional marzipan and marzipan 
elaborated with peanut seed coat on serum levels of 
creatinine, urea, and GPT and ALP enzymes activity, in 
ICR mice treated for 14 days.

Group Creatinine 
(m/dL)

Urea 
(m/dL

GPT 
(UI/L)

ALP 
(UI/L

DN+V 0.042±0.01 59.52±6.9 76.33±20.7 221.2±33.2

DN+C 0.032±0.01 69.40±4.9 102.4±18.3 285.4±59.7

DN+T 0.014±0.01 64.66±5.3 91.71±5.95 443.0±60.8

DH+V 0.072±0.03 56.56±8.1 79.00±27.5 878.0±200.8

DH+C 0.016±0.05 47.12±8.3 121.7±15.4 646.2± 125.7

DH+T 0.053±0.01 51.86±3.4 106.0±12.3 448.0±108.2

Determination of creatinine and urea 
concentrations

Serum concentration of creatinine was determined 
by the Jaffé method without deproteinization 
(Creatinine assay kit CR502 RANDOX 
Laboratories Ltd, County Antrim, UK), and the 

serum concentration of urea using the GLDH 
method (Urea assay kit UR 456, RANDOX 
Laboratories Ltd, County Antrim, UK).

Acute toxicity evaluation

ICR mice of both sexes (25 ± 5 g) were used, 
according to the Guide 423 of the Organization 
for Economic Cooperation and Development 
(OECD).8 Both groups of animals (n = 3) were 
administered intragastrically with a single dose of 
2000 mg/Kg of peanut seed coat.  Later, animals 
were monitored every 30 minutes during the first 
4 hours, and then every day during 14 days to 
observe any sign of toxicity or death. A weekly 
record was carried out of the consumption of 
water and food, as well as body weight. At the 
end of the experimentation period, the mice were 
euthanized and had a necropsy performed of the 
principal organs. The experiment was repeated 
with a second group of animals (both sexes). LD50 
value was determined according to the Globally 
Harmonized Classification System (GHS).

Evaluation of markers of hepatic and renal 
function

Two types of diet were used for this study: 
standard normal diet for rodents (DN) and 
hyperlipidemic diet (DH), which was made with 
1 % cholesterol, 0.5 % sodium cholate, 5 % 
butter, 30 % sugar glass, 10% casein, and 53.5 % 
standard rodent food.

36 ICR male mice (25 ± 5 g) were used and 
randomly distributed into 6 groups of treatment: 
Normal diet + water (DN+V), Normal diet 
+ marzipan control (DN+C), Normal diet 
+ marzipan with 5% of peanut seed coat 
(DN+T), Hyperlipidemic diet + water (DH+V), 
hyperlipidemic diet + marzipan control (DH+C) 
and hyperlipidemic diet + marzipan with 5% of 
peanut seed coat (DH + T).
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The study lasted for 14 days; the marzipan 
made with 5% of peanut seed coat was mixed 
with Tween 80 and potable water, and mice 
were administered intragastrically with an 
equivalent to a portion of marzipan (16 g per 
portion). After the term of the study, and with 
prior 12 hours of fasting, blood samples were 
taken from every mouse in order to obtain the 
serum. Blood samples were centrifuged at 16 
060 g during 15 minutes, sera were collected 
and stored frozen at -20 °C for further analysis 
of the enzymatic activity of GPT and ALP, as 
well as the quantification of creatinine and urea 
concentration, using RANDOX Kits on the 
Vitalab Selectra 2 (Wiener lab) equipment.

Statistical Analysis

Results were statistically analyzed using One-
way ANOVA test and the SigmaPlot 12.0 
software.

RESULTS 

Acute administration of peanut seed coat did 
not cause alterations in behavior, body weight, 
damage to organs or death at a dose of 2000 
mg/Kg during the experimental period (14 
days) in both sexes. Neither was it related to the 
consumption of food and water. As described 
by the GHS, acute toxicity has a value of 
LD50 greater than 2000 mg/Kg, placing the 
provided peanut by-products in the category 5 
of the GHS, with little probability implied to 
toxicity when consumed.

In table 1, it is observed that there were no 
significant differences in the creatinine and urea 
values between study groups. On the other hand, 
treatment did not modify GPT enzyme activity, 
however, the difference of behavior of the 
enzymatic activity of the ALP in the DH+T group 
compared with the DH+V group is notable. 

DISCUSSION  

One of the main goals being pursued in studies 
on nutrition, is to establish recommendations that 
may treat or prevent some metabolic disorders 
such as dyslipidemia and obesity.

There is evidence showing that the inclusion of 
foods rich in bioactive phytochemicals in our 
daily diet, might reduce some risk factors in the 
development of cardiovascular disease (CVD).9

That is why, in this study the effect of the 
consumption of a marzipan elaborated with 5% 
of peanut seed coat was assessed, in order to 
demonstrate if there was any negative effect on 
hepatic or renal function. 

Serum levels of creatinine and urea have been 
used to establish the role of glomerular filtration, 

10 so the values found in this study, reveal that the 
administration of the marzipan with 5% of peanut 
seed coat did not cause alteration at this level. 

For other way, when the body is working properly, 
the GPT enzyme is localized in the cytoplasm of 
the hepatocytes, but it can also be found in smaller 
amounts in the kidneys, heart and muscle.

When liver cell death occurs, the GPT is 
elevated in plasma, that is why the measurement 
of its activity allows to measure the possible 
cellular breakdown or any change in the 
permeability of membranes.11 In this work, it 
is not observed any significant change in the 
activity of this enzyme, so it can be assumed 
that the administration of the studied product, 
did not cause any damage at this level.

On the other hand, the enzyme ALP is present 
in various cell lines, such as hepatocytes in the 
biliary epithelium, osteocytes and enterocytes. 
In the liver, the ALP is located in the canaliculi 
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hepatic and sinusoidal membrane, so the 
increase in the serum levels of this enzyme, 
derive mainly in pathologies associated with 
obstruction of the bile duct.12 Our results 
indicate a decrease of ALP activity in the DH 
+ T group compared with the DH+V group, 
which may indicate a prevention of a possible 
biliary damage caused by hyperlipidemic diet 
provided to animals.

Oxidative stress has often been associated with 
hyperlipidemia and obesity, as well as other risk 
factors for the development of CVD.13 Some 
research have demonstrated that some antioxidant 
nutrients, such as polyphenols, can play an 
important role in the regulation and prevention 
of some risk factors.13 Peanut  contains, among 
other bioactive components, some polyphenols, 
isoflavones and essential amino acids,6 which 
suggests that the effect on the ALP activity can 
be attributed to the antioxidant properties any of 
their bioactive phytochemicals.

A previous study on DPPH• radical scavenging 
activity, demonstrated that substitution with 
2.5 and 5 % during the elaboration of the 
marzipan, is able to increase their antioxidant 
activity with percentages of 341 and 495, 
respectively; suggesting that polyphenol 
content of the marzipans is the responsible of 
the observed effect. 

Furthermore, these data were consistent with 
those observed by ferric reducing antioxidant 
power (FRAP) assay, and chelating capacity of 
the iron ion method.14

CONCLUSIONS  

This study allowed stablishing the safety degree 
of administration of a marzipan made with 5% of 
peanut seed coat, demonstrating the harmlessness 
in its consumption.
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Abstract. The concern for polycyclic aromatic hydrocarbon (PAHs) is due to its toxic, mutagenic and 
carcinogenic effects. Fluoranthene is a polycyclic aromatic hydrocarbon (PAH). It is highly carcinogenic 
and presents moderate bioaccumulation. In this work, a study of fluoranthene removal in aqueous solution 
was carried out using the Fenton advanced oxidation method, which is very suitable for the treatment of 
PAHs due to radicals • OH generated with advanced oxidation potential. The objective of the study was 
to evaluate the feasibility of the Fenton oxidation method to remove fluoranthene and determine the most 
adequate doses of peroxide and catalyst to carry out the process. The peroxide dose calculated for the total 
oxidation was based on the theoretical chemical oxygen demand (CODtheo) considering the solution was 
formed by fluoranthene and 0.5% tween 80. The catalyst dose was varied according to the ratios            of 
0.45, 0.9, 1.33, 1.5, 3 and 5. The best ratios were             = 3.5 and              = 1.33, reaching removal efficiencies 
up to 99%, for both COD and Total Organic Carbon (TOC), with only 20 minutes of reaction time.

Resumen. La preocupación por los hidrocarburos aromáticos policíclicos (PAHs) se debe a sus efectos 
tóxicos, mutagénicos y carcinógenos. El fluoranteno es un hidrocarburo aromático policíclico (PAH) 
altamente carcinógeno y presenta una bioacumulación moderada. En este trabajo se realizó un estudio de la 
remoción de fluoranteno en solución acuosa utilizando el método de oxidación avanzada de Fenton, que es 
muy apropiado para el tratamiento de PAHs debido a radicales •OH generados con potencial de oxidación 
avanzada. El objetivo del estudio realizado fue evaluar la factibilidad del método de oxidación Fenton para 
remover fluoranteno y determinar las dosis más adecuadas de peróxido y de catalizador para llevar a cabo el 
proceso. La dosis de peróxido para la oxidación se calculó tomando en cuenta la Demanda Química Teórica 
de oxígeno (DQOteo) para la solución conformada por fluoranteno más tween 80 al 0.5 %. La dosis de 
catalizador de FeSO4 se varió de acuerdo a la relación de           0.45, 0.9, 1.33, 1.5, 3 y 5. Las mejores dosis 
de tratamiento fueron              = 3.5 y              =1.33,  alcanzando eficiencias de eliminación superiores al 
99%, para la DQO y para Carbón Orgánico Total, con sólo 20 minutos de reacción. 

Keywords. Fenton oxidation, polycyclic aromatic hydrocarbon, advanced oxidation processes.
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INTRODUCTION 

Fluoranthene is a polycyclic aromatic hydrocarbon 
(PAH) of molecular formula C16H10, their 
name derives from the fluorescence it presents 
to ultraviolet light. Fluoranthene is highly 
carcinogenic, exhibits moderate bioaccumulation1 
and is used as a coating material to protect insides 
of drinking water pipes from ductiles of steel and 
iron from storage tanks.2

The PAHs occur during the combustion of 
certain organic products such as coal, wood, 
tobacco or vegetation in general, they are 
formed by a pyrolysis process of organic 
compounds and therefore considered to 
be the most toxic petroleum components 
that can be accumulated in soil, water and 
water organisms, and possibly transferred to 
humans if they are ingested. Concentrations 
of PAHs in soil ranging from 1 μg/kg to 300 
g/kg.3 Vegetables cultivated in wastewater-
contaminated soils may take up this 
pollution in sufficient quantities to cause 
health problems to the consumers.4 Leafy 
vegetables, particularly Lactuca sativa grown 
on wastewater-contaminated soils, contain 
elevated concentrations of PAHs and heavy 
metals in shots and roots.5

The PAHs with low molecular weight (two or 
three rings) are relatively volatile, soluble and 
more degradable than high molecular weight 
(four or five rings) which are mostly absorbed 
in the soil and are more difficult to biodegrade.3

Some PAHs can be found in soils and water 
contaminated by oil spills, but they can 
also be found in the air as soot or as fumes 
of incomplete combustion of petroleum 
products.6,7 These persistent organic pollutants 
have been found in farmland soils irrigated by 
effluents from biological treatment plants.8

High molecular weight PAHs are relatively 
immobile and therefore of low volatility and 
solubility. Some of them such as naphthalene, 
acenaphthylene, acenaphthene, fluorene, 
phenanthrene, anthracene, fluoranthene and 
pyrene are considered pollutants by the United 
States Environmental Protection Agency 
(USEPA)9, the European Community (EC) and 
the World Health Organization (WHO).10 

PAHs are lipophilic compounds11 and therefore 
very difficult to degrade. PAHs with less than 
five rings are usually biodegradable under 
aerobic conditions,12 the biodegradation 
of different PAHs has been studied by 
different researchers. Bautista et al.13 worked 
with different surfactants to increase their 
bioavailability, they concluded that tween 
80 was the best since it did not show toxic 
effects and could even be used as a carbon 
source by Enterobacter sp., Pseudomonas sp. 
and Stenotrophomonas sp. Fluoranthene was 
mainly degraded by bacteria of the genera 
Mycobacterium and Alcaligenes.3

After four weeks of culture, 30 mg/L of a 
mixture of fluorene, phenanthrene and pyrene 
was almost completely degraded using 
bacterial strains of the genera Rhodococcus, 
Acinetobacter and Pseudomonas. 14

Remediation technologies for PAHs-
contaminated soils has been studied 
like solvent extraction, bioremediation, 
phytoremediation, chemical oxidation, 
photocatalytic degradation, electrokinetic 
remediation, thermal treatment and integrated 
remediation.15

Flotron et al. (2005) 1investigated the use of 
Fenton’s reagent to study possible desorption 
or degradation of fluoranthene, benzo(b) 
fluoranthene and benzo(a) pyrene in soil.16
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Byung-Dae & Masaaki (2000) investigated a 
combined process envolving ethanol washing 
followed by a Fenton oxidation reaction as a 
mean to remediate soil artificially contaminated 
by PAHs (150 mg/L). Eluted solution 
containing naphthalene, fluorene, fluoranthene, 
phenanthrene, or benzo(b)fluoranthene showed 
a removal efficiency of 9.6%-27.6%. Further 
authors reported the removal efficiency for each 
PAH presented in the mixture, which was 27.6% 
for fluoranthene. For Fenton oxidation process 
was used a volume of ethanol eluted (10 mL), 
0.5 M Fe 2+ (2.7 mL) and 4 mL of 30% hydrogen 
peroxide solution (density 1.1 g/cm3), therefore 
the peroxide concentration used was 80 g/L. 17

The Advanced Oxidation Processes (AOPs) are 
attractive as pre-treatment methods to improve the 
biodegradability of various industrial effluents. 
One of these methods is the Fenton oxidation 
process, which is very convenient for the treatment 
of PAHs, due to its moderate cost, simplicity of 
operation and the •OH radicals generated during the 
reaction which have advanced oxidation potential. 
The oxidation mechanism by the Fenton process is 
due to the hydroxyl radical generation in an acidic 
solution by the catalytic decomposition of hydrogen 
peroxide. Hydrogen peroxide (H2O2) decomposes 
into hydroxyl radicals (•OH) in presence of Fe+2.18

H2O2+ Fe+2 •OH + OH- + Fe+3

Unstable hydroxyl radicals are used to degrade 
PAHs (RH or R) by hydrogen extraction or by 
the addition of hydroxyl radicals.

RH + •OH  •R +H2O
R +•OH  •ROH

In the Fenton oxidation process the formation 
of more toxic compounds have been reported, 
in addition, it is more efficient with lower 
molecular weight PAHs.15 

MATERIALS AND METHODS 

Chemicals

All chemicals were analytical grade except 
peroxide, H2O2 (30 % solution,) obtained of J. 
T. Baker (USA). Fluoranthene (99% w/w) and 
tween 80 were purchased from Sigma-Aldrich 
(USA). Acetone, (CH3)2CO, Sodium hydroxide, 
NaOH (97 %) and sulfuric acid, H2SO4 (98 
%) were acquired from Fermont (Mexico) and 
FeSO4•7H2O was obtained from Chemical 
technique. H2O2 and FeSO4·7H2O were used for 
advanced oxidation process. H2SO4 and NaOH 
were utilized for pH adjustment. 

A concentrated solution of fluoranthene (10,000 
ppm) was prepared using acetone as a solvent and 
aqueous solutions of 200, 400 and 600 mg/L of 
fluoranthene were prepared using aliquots of this 
solution and tween 80 was added to solubilize it.

Fenton oxidation experiments were performed 
and the ratio peroxide/Chemical Oxygen Demand 
theoretical                was varied.

For the calculation of CODtheo of the solutions, 
both fluoranthene and tween 80 were considered, 
to determine the catalyst dose, the concentration 
of  FeSO4 was varied according to the ratio             , 
the values were 0.45, 0.9, 1.33, 1.5, 3 and 5.

Fenton Oxidation
 
The Fenton oxidation reaction was carried out 
at room temperature, about 20 °C. The solutions 
were prepared in 1L volume beakers with 300 
mL of the solution at 200, 400 and 600 ppm of 
fluoranthene added 0.5% tween 80 to solubilize 
it, the pH was adjusted to 3 using H2SO4, 2 M 
to promote the oxidation. The beakers were 
placed on a magnetic stirrer model SP131325 
Thermo scientific, the solution was continuously 

H2O2

 COD theo

H2O2

 FeSO4
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stirred and FeSO4.7H2O was added. The Fenton 
process was initiated by adding peroxide into 
de solution, samples of 2.5 mL were taken each 
20 min for 2 hours. The pH of each sample 
was raised to 10 immediately after to take it, 
using NaOH 2 M to promote coagulation and 
precipitation that occur due to decomposition of 
H2O2 and deactivation of ferrous catalyst with 
the formation of ferric hydroxide complexes for 
subsequent decanting.16,21 

The samples were settled overnight and decanted 
to remove all flocculated. The pH of the 
supernatants could be reduced to a range of 6.5 
to 7.5 which is suitable for the future application 
of biological treatment.18

The supernatant of each decanted sample obtained 
from the Fenton process was analyzed to determine 
preliminary concentration of fluoranthene by 
absorbance, fluoranthene concentration by HPLC, 
Chemical Oxygen Demand (COD) and Total 
Organic Carbon (TOC). 

Fluoranthene concentration (FA)

The decanted samples obtained from the 
oxidation process were used for fluoranthene 
determination, which was determined by 
liquid chromatography (HPLC). The analysis 
was performed using an Agilent 1260 infinity 
Chromatograph with a diode array detector 
(DAD), equipped with an Agilent Zorbax SB 
C-18 column, Rapid Resolution 4.6 x 100 
nm, 3.5 μm. The reading wavelength was 
254 nm, as mobile phase a mixture of 25% 
water - 75% acetonitrile was used at flow of 
1 mL* min-1.13

Preliminary concentration of fluoranthene 

The supernatants obtained of the Fenton 
oxidation treatment were scanned at 

200-400 nm using a Beckman DU 
650 Spectrophotometer, fluoranthene 
concentration was preliminarily using a curve 
type of fluoranthene.

Chemical Oxygen Demand (COD) determination

The reactor digestion method, approved for 
wastewater analysis by USEPA, was used.

Total Organic Carbon (TOC) determination

The method 10129 from Hach Co. was used for 
COT determination.

Calculation of %η and Rv

Removal efficiency (%η) and volumetric removal 
rate (Rv) were calculated:

Where

[ ]i= inicial concentration (FA, COD or TOC)
[ ]f= final concentration (FA, COD or TOC)
t= time

RESULTS 

The calculation of theoretical chemical oxygen 
demand (CODtheo) was based on the total 
oxidation reaction of fluoranthene and tween 80:

Oxidation reaction of fluoranthene 
C16H10 + 18.5 O2 16 CO2 + 5 H2O

Oxidation reaction of tween 80
C64H26O124 + 8.5 O264 CO2 + 13 H2O

For calculation of peroxide volume for Fenton 
process, the density and commercial peroxide 
concentration were considered, 30%.

%η=
[ ]i-[ ]f

[ ]i

100; Rv=
[ ]i-[ ]f

t
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Since fluoranthene is highly recalcitrant, it is 
necessary to use relatively high doses of peroxide; 
peroxide dose used for the Fenton oxidation was 
9.9 g/L, this concentration was used to carry 
out the oxidation of 200, 400 and 600 mg/L of 
fluoranthene solutions, corresponding to ratios                                                         
o              of  6, 4.5 and 3.5 respectively.

Table 1. Theoretical oxygen demand for fluoranthene 200 
mg/L and tween 80, 0.5 %.

Compound
CODtheo 

Theoretical
mg O2/L

g     
H2O2/L

Fluoranthene 200 
mg/L 586

9.9tween 80, 0.5% 1038.1
Total 1624.1

Total                     = 6

Oxidation of fluoranthene solution at 200 mg /L

When the oxidation of 200 ppm of fluoranthene 
solution was carried out, the fluoranthene removal 
was preliminarily evaluated by measuring the 
maximum absorption peak of fluoranthene at 286 
nm, which disappeared during the advance of the 
oxidation reaction (Figure 1).

Figure 1. Absorbance scan of samples from the Fenton 
process at 200 mg/L of fluoranthene.

Oxidation of fluoranthene solution at 400 mg /L 

The theoretical COD of the solution of 
fluoranthene 400 mg/L added 0.5% tween 80 is 
2,210.1 mg/L, hence the ratio              = 4.5. 

2a) 

2b) 

For Fenton oxidation treatment applied for 
fluoranthene solution at 400 ppm, FeSO4 
concentration was varied obtaining ratios               
o                 of  0.45, 0.9, 1.33, 1.5, 3 and 5. Samples 
obtained at 20 minutes of oxidation were used to 
determine the residual fluoranthene, which was 
determined by HPLC analysis, with these values 
the elimination efficiency ηFA and volumetric 
removal rates RVFA were obtained (Table 2).

Table 2. Removal efficiency %η FA and volumetric removal 
velocities (RVFA) of fluoranthene 400 mg/L added tween 80, 
0.5%, at different peroxide/catalyst ratios.

Oxidation of fluoranthene solution at 600 mg /L

For the Fenton treatment applied to 600 ppm 
of fluoranthene solution, the concentration of 
FeSO4 catalyst as mentioned above was varied, 
the results are shown in Figure 2. 

  

Figure 2. Kinetics of fluoranthene removal when the 
ratio was varied 2a) 0.45, 1.3 and 1.5; 2b) 0.9, 3 and 5.

[FA]
mg/L         %ηFA

RVFA(mg L-1 min-1)
5 7.7 98.1 19.61

0.45 7.3 98.2 19.63
0.9 11.5 97.1 19.42

1.33 3.5 99.1 19.82
1.5 4.5 98.9 19.77
3 18.2 95.4 19.08
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The residual fluoranthene determined by HPLC 
analysis of the samples obtained at 20 minutes of 
oxidation, was used to obtain the removal efficiency 
ηFA and the volumetric removal rate RVFA (Table 3).

Table 3. Removal efficiency % ηFA and volumetric removal 
rate (RVFA) of fluoranthene 600 mg/L plus tween 80 at 0.5%, 
at different peroxide/catalyst ratios.

[FA]
mg/L %ηFA

RVFA
(mg L-1 
min-1)

0.45 37,82 93.82 28.11

0.9 51.36 91.44 27.43

1.33 6.0 99.99 29.70

1.5 33.3 94.45 28.33

3 12.48 97.92 29.38

5 59.94 90.01 27.00

The volumetric removal rates varied slightly as a 
function of ratio                whereby an average value 
was obtained (RvavFA). The results showed that 
RvFA depend mainly on the                ratio (Table 4).

Table 4. Average volumetric removal rates of fluoranthene  
( RvavFA), when peroxide/catalyst ratios were varying. 

[FA]
mg/L

 RvavFA
(mg L-1 min-1)

200 6 9.8 *

400 4.5 19.6 ± 0.27

600 3.5 1.3 ± 1.06

*The standard deviation is not presented because only the ratio                                    

to 1/10                   equal to 1/10 was evaluated.

In order to determine the most appropriate 
treatment, COD and TOC remotion levels 
were evaluated (Table 5) which are 
indicative that the reaction is carried out 
in a suitable manner so as not to generate 

toxic compounds. COD and TOC levels were 
determined from samples taken at 20 minutes 
of Fenton oxidation.

For calculation of efficiencies and volumetric 
remotions of COD and TOC were considering 
the initial theoretical values [TOCtheo]i = 4.5 
g C/L and [CODtheo]i= 2.79 g O2/L of 600 ppm 
fluoranthene solution).

Table 5. Efficiency (%η) and volumetric velocity of 
removal (Rv) for COD and TOC at 20 minutes of Fenton 
oxidation, varying peroxide/Fe2+ ratios.

Relation COD TOC 

%ηCOD
RvCOD

(gL-1h-1) %ηTOC
 RvTOC

(gL-1h-1)

0.45 93.8 7.85 94.2 12.25
0.9 N* 96.0 12.67
1.33 99.5 8.37 99.9 13.60
1.5 94.4 7.9 98.4 13.24
3 97.9 8.2 94.3 12.27
5 90.0 7.5 94.0 12.2

N* It was not possible to obtain reading in the 
spectrophotometer for that sample, because a good 
flocculation was not carried out in the sample.

DISCUSSION 

Because of low water solubility of fluoranthene 
(260 µg/L) it was necessary to use tween 80 as 
surfactant, because in previous studies it was the 
most suitable for the biodegradation of PAHs, it 
showed lower toxicity and higher cell density 
in the medium than Triton X-100 and Tergitol 
N-P10.18 In this study it was determined that 
0.5% of tween 80 was required to solubilize up 
to 600 ppm of fluoranthene.

The peroxide concentration, 9.9 g/L used for 
the oxidation of 200, 400 and 600 mg/L of 
fluoranthene solutions, corresponding to 6, 4.5 
and 3.5 of          ratios. The determination of 
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peroxide concentration for Fenton oxidation was 
based on the fluoranthene concentrations as well 
as tween 80 concentration used to solubilize it 
(0.5 %), so that the peroxide dose used in the 
experiments was relatively high, nevertheless 
lower than 80 g/L used for Byung-Dae & Masaaki 
(2000) in Fenton oxidation process.

For the oxidation of 200 mg/L of fluoranthene, a 
ratio          =        was kept, the peak absorption 
of fluoranthene almost disappeared reaching 
fluoranthene removal efficiencies greater 
than 98% (Figure 1), so the concentration of 
fluoranthene was increased to 400 mg/L. 

*For the oxidation of 400 mg/L and 600 mg/L of 
fluoranthene solutions the catalyst concentration 
was varying according to the ratios  of                    0.45, 
0.9, 1.33, 1.5, 3 and 5.

The removal efficiencies obtained were higher 
than 95% and volumetric removal velocity 
average was 19.6 ± 0.27 mg L-1 min-1 when 400 
mg/L of fluoranthene was used (Table 2) therefore 
it was possible to increase the fluoranthene 
concentration to 600 mg/L.

For the treatment of 600 mg/L of fluoranthene 
solution, the oxidation reaction was carried out 
varying the           ,  obtaining that highest removal 
volumetric rates were reached in the first 20 
minutes (Figure 2) for all ratios used.

Results obtained by HPLC analysis, showed that 
the best               ratio was 1.33, reaching 99.99% of 
fluoranthene removal efficiency, while the lowest 
value was obtained at a ratio of 5.0 reaching an 
elimination efficiency of 90 % (Table 3).

The removal efficiency of fluoranthene 
reached in this study was greater than 90%, 
this value was higher than that achieved by 
Byung-Dae & Masaaki, 27.6%. 

The use of Tween 80 as a surfactant should be 
considered as an important parameter that can 
improve the effectiveness of the fluoranthene 
remotion achieved in this study. In addition, it has 
the advantage that a Fenton oxidation process can 
be used and subsequently a biological treatment 
19,20 could be carried out if necessary, since the 
bioavailability of the PAHs is improved. The use 
of Tween 80 as a surfactant should be considered 
as an important parameter that could improve the 
HAPs removal efficiency obtained in this study.

Advanced oxidation process is an atractive 
pretreatment to improve the biodegradability of 
various industrial discharges. 22 Moreover, it has 
the advantage that a both Fenton oxidation and a 
biological treatment can be carried out because 
the application of an appropriate pretreatment 
process before biological decontamination will 
reduce toxicity of the wastewater and shorten the 
acclimatization duration in biological system. 17

The time needed to remove fluoranthene by using 
Fenton oxidation was very short, 20 minutes, less 
than the time needed to degrade them through the 
use of microbial communities. Degradation time 
of PAHs in soil or water by biological treatments 
can last from weeks to months depending on the 
type of PAH.

The volumetric rates of fluoranthene 
removal improved as the initial fluoranthene 
concentration increased, reaching values up to 
28.3 mg L-1 min-1 (Table 4). 

The values of efficiency and volumetric rate 
of removal of COD and TOC at 20 minutes 
of Fenton oxidation were very high, having 
removal efficiencies from 90 to 100%, it was 
determined that the best ratio             used for 
Fenton oxidation was 1.33, since the removal 
efficiency of COD and TOC after 20 minutes of 
treatment were 99.5% and 99.9% respectively.

 H2O2 

 FeSO4 

 1 
 10 

 H2O2 

 FeSO4 

 H2O2 

 FeSO4 

 H2O2 

 FeSO4 

 H2O2 

 FeSO4 



JOURNAL OF BIOENGINEERING AND BIOMEDICINE RESEARCH (2018) VOL.2, No. 1:23-31

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS 30

This method of treatment can be applied for 
wastewater from biological treatment plants 
which contain persistent compounds as HAPs8 
before be irrigated in farmland soils.

The results obtained showed that the best 
ratios were            = 3.5 and         = 1.33 
because of the highest removal efficiencies of 
fluoranthene, COD and COT were reached: 
99.99 %, 99.5 % and 99.9 % respectively and 
the highest volumetric removal of 29.7 mg L-1 
min-1 was obtained.

CONCLUSIONS
 
The Fenton Advanced Oxidation Method can 
be applied to remove fluoranthene in solution 
achieving high removal efficiencies of these 
hydrocarbon aromatic polycyclic and chemical 
oxygen demand.

The optimum reaction time was 20 min, 
whereby high volumetric removal rates were 
reached, concluding that this method can be 
applied quickly and efficiently, reaching a 
high degree of mineralization due to the high 
COT removal values. 
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Research article

Genomic fingerprint generated in silico for the new 
Human Hepegivirus-1 (HhPGV-1) found in blood 
transfusions
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Abstract. In September 2015, researchers from Columbia University identified a new virus called 
Hepegivirus-1 (HhpgV-1). The latter was detected in samples obtained from the blood banks of National 
Institutes of Health (NIH) in the U.S. This finding highlights the possible need to broaden the test panel 
in order to detect this new virus in blood donors. Taking this problem into account, we performed an in 
silico microarray consisting of 1,327 9-mer probes termed VPS-9 that were specially designed to produce 
Virtual Genomic Fingerprints for viruses. This represents a new approach used to construct phylogenomic 
trees based on a comparative analysis of the genomic fingerprint and it has yielded encouraging results by 
producing a unique genomic fingerprint for HhpgV-1 that distinguish it from more than 76 viruses of the 
Flaviviridae family, such as Hepacivirus, and Pegiviruses, that infect both humans (Hepatitis C and G) 
and animals. The latter share features with the new virus, thus the discriminative capacity of VPS-9 was 
demonstrated, as the phylogenomic similarity analysis of this virus showed resemblance with Hepatitis 
C. Therefore, the usefulness of the VPS-9 microarray and the Virtual Analysis Method for Phylogenomic 
fingeRprint Estimation (VAMPhyRE) was shown for possible diagnostic purposes.

Resumen. Investigadores de la Universidad de Columbia, identificaron en septiembre del 2015 un nuevo 
virus, denominado Hepegivirus-1 (HhpgV-1), fue detectado en muestras de sangre en los bancos de los 
Institutos Nacionales de Salud (NIH) en USA. Este descubrimiento pone de manifiesto la posible necesidad 
de ampliar el panel de pruebas para la detección de este nuevo virus en los donantes de sangre. Con base en 
esta problemática, utilizando in silico un microarreglo de 1,327 sondas 9-mer llamado VPS-9 especialmente 
diseñado para producir huellas genómicas virtuales y un nuevo enfoque para la construcción de árboles 
filogenómicos basados en el análisis comparativo de la huella genómica han arrojado resultados alentadores 
al producir una única huella genómica distintiva para HhpgV-1, lo cual permite diferenciarlo de más de 76 
virus de la familia Flaviviridae, como lo son los Hepacivirus, y los Pegivirus, tanto humanos (Hepatitis 
C y G) como animales, los cuales comparten características con este nuevo virus, probando la capacidad 
de discriminación del VPS-9, siendo relevante en el análisis filogenómico de similitudes de este virus 
con Hepatitis C, mostrando la utilidad del uso del microarreglo VPS-9  y Virtual Analysis Method for 
Phylogenomic fingeRprint Estimation (VAMPhyRE) para un posible diagnóstico.

Keywords. Human Hepegivirus-1, Blood transfusions, VAMPhyRE, Virtual Genomic Fingerprints.
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INTRODUCTION

The WHO estimates that approximately 112.5 
million blood donations are collected in 13,000 
blood centers in 176 countries worldwide. In 
developing countries, the average number of 
donations is approximately 5,400. There are 
11.7 and 4.6 donors per thousand in medium- 
and low-income countries, respectively. In 
developed countries the average is 16,000 and 
there are 33.1 donors per 1,000 (1). However, 
the registers on the number of transfusions 
performed worldwide is lacking. More than 4.5 
million patients need blood transfusions each 
year in the U.S. and Canada. It is estimated 
that every 2 seconds someone needs a blood 
donation. The blood contained in this bag can 
be separated into four components: red blood 
cells, cryoprecipitate, plasma and platelets 

(2). Nevertheless, many patients requiring a 
transfusion do not have timely access to safe 
blood, thus leading to deaths and many diseased 
patients. An adequate and reliable supply of safe 
blood may be assured by a stable base of regular, 
voluntary, unpaid blood donors (1).

The following was agreed by the World Health 
Assembly on its WHA28.72 resolutions: It is the 
responsibility of governments to ensure a safe 
and sufficient supply of blood and its derivative 
products for all patients requiring transfusion (3). 
All whole blood and apheresis donations should 
be screened for infections before releasing blood 
and its components for clinical or manufacturing 
purposes. The screening for transfusion-
transmissible infections (TTIs) include HIV-1 
and HIV-2 (either a combination of HIV antigen-
antibody or anti-HIV antibodies), Hepatitis B 
(hepatitis B surface antigen, HBsAg), Hepatitis C 
(either a combination of HCV antigen-antibody or 
anti-HCV antibodies), and Syphilis (Treponema 
pallidum; screening for specific anti-treponema 
antibodies). These should be considered in areas 

endemic for Malaria, Chagas disease or HTLV 
(4). The blood supply and transfusion practices 
in the United State are the safest in the world 
as they comprise a combination of strategies 
that includes effective donor education and 
recruitment, blood collection from repeated 
voluntary donors, donor retention, pre- and post-
donation advise, donation screening by using the 
most sensitive and specific kits as well as the 
use of recent laboratory procedures performed 
according to quality assurance guidelines (5). 

However, Kapoor et al. studied the transmission 
of the new virus in patients who were submitted 
to blood transfusion and cryoprecipitate in 2015. 
They performed a Virome analysis and identified 
a new virus: The Human Hepegivirus-1 
(HhpgV-1). The latter was detected in blood 
samples obtained from the blood banks of the 
National Health Institute in the U.S. This virus 
displays shared features with both hepatitis C, 
thus it causes liver cancer and cirrhosis, whereas 
human pegivirus, appears to be harmless. The 
virus was discovered after sampling blood 
donations from 46 volunteers between 1974 
and 1980, before and after they received blood 
transfusions. All volunteers received blood-
derived products in order to treat hemophilia and 
the virus was identified in two post-transfusion 
samples. The virus was also identified in two 
additional cases in a separate study consisting 
of 106 subjects. In these patients there was no 
evidence of any related disease (6).

Isolation of the virus or its production using 
cell cultures is still pending, thus a substantial 
amount of data remains to be unveiled, such as 
the possible impact of HHpgV-1 on liver and its 
role in other diseases.

The progress made on the molecular biology 
field and the discovery of new viruses raises the 
need for valid criteria in order to verify a causal 
relationship between the presence of some viruses 
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and a specific disease, or even if its presence is 
associated to poor liver disease prognosis in 
patients co-infected with hepatotropic viruses, 
e.g.  hepatitis B virus (HBV) or hepatitis C virus 
(HCV), or to discriminate between the presence 
of this newly identified virus and its pathogenic 
evolution in patients infected by the human 
immunodeficiency virus (HIV), just to mentioned 
some examples. A study on the prevalence and 
impact of HhpgV-1 coinfections with known 
hepatitis viruses or HIV would provide additional 
information in order to assess the relationship 
between this new virus and the disease (7).

As the Human Pegivirus (HPgV), the Torque 
teno virus (or transfusion-transmitted virus, 
TTV), the TTV-like minivirus (TLMV) and the 
SEN virus (SEN-V) were discovered in the years 
1995, 1997 and 2000, respectively, the presence 
of viruses linked with transfusion has not been 
described so far. Furthermore, many cases of 
post-transfusion hepatitis with unknown etiology 
still occur among blood recipients. It is unknown 
if HhpgV-1 will be a significant cause of human 
hepatitis. Although it is known that most HPgV 
infections are asymptomatic, transient and self-
limiting. In contrast, chronic infection by HCV 
is a major health problem being the most frequent 
cause of many costly and morbid complications, 
including liver cirrhosis, end-stage liver disease 
and liver transplantation (7).

Each year, 108 million units of blood are collected 
in the world. The surveillance for infectious 
agents is important in order to ensure the safety 
of transfusions. Thus, this discovery highlights 
the possible necessity to broaden the set of tests 
carried out in order to detect this virus in blood 
donors (1). The genomic fingerprint technology 
may be useful to correctly identify viral 
sequences. One particular advance is the Virtual 
Analysis Method for Phylogenomic fingeRprint 
Estimation (VAMPhyRE)(8).

The VAMPhyRE software (8) predicts possible 
binding sites between a probe set and a target 
DNA sequence during hybridization. In these 
in silico experiments, the viral genomes to be 
tested are entered in a database, subsequently the 
VAMPhyRE software (8) performs a query and 
it traces viral genome sites taking into account 
the complementarity degree between sequences 
(minimum a mismatch difference) and probes 
for the recognized sites and it calculates the 
thermodynamic stability between them. The 
prediction is reliable as the program detects 
suitable binding sites. It also establishes the 
thermodynamic stability at the hybridization site 
between probe and target DNA. The information 
indicates the specific sites where hybridization 
occurred on the target DNA, the amount 
and sequence of the probe that successfully 
hybridized, and it calculates the free energy value 
for each site possessing a hybridization potential. 
Then the software generates a microarray 
image of the sites where probe hybridization it 
is predicted to occur within the genome or the 
target DNA fragment. This image is transformed 
in order to predict the change of hybridization 
pattern under different incubation conditions (8).

These probes are able to discriminate between 
highly similar strains. They hybridize with 
genomes, thus revealing the exact position and 
the stability of the resulting duplex, thereby 
creating a unique genomic fingerprint for each 
organism. Subsequently, this can be used to 
calculate genomic distances between organisms 
for phylogenomic trees construction.

The reliability of the VAMPhyRE algorithm was 
recently tested by analyzing the discrimination 
of several subtypes of the Influenza Virus 
and a other virus, since VH software using 
in these job is its predecessor (9,10), as well 
as closely related Helicobacter pylori strains 
via hybridization fingerprinting and by using 
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a oligonucleotide microarray set termed VPS 
(VAMPhyRe Probe Set) (11).

A variety of VPS ś have been designed differing 
in probe size in order to identify bacteria (VPS-
11 and VPS-13), viruses (VPS-8 and VPS-9) 
and fungi (VPS-17).

MATERIALS AND METHODS 

A set of 76 complete genomes sequences 
from the Flaviviridae family were selected 
and downloaded from the NCBI Microbial 
genomes database (12).

Human hepegivirus  KT439329.  Simian pegivirus
KF234528, NC_024377, KF234514, 
KF234524, KF234527, KF234523, 
KF234522, KP296858, KF234518, 
KF234521, KF234530, KF234520, KF234529. 
Bat pegivirus  KC796075, KC796082, 
KC796093, KC796089, KC796083, 
KC796080, KC796073, KC796087, 
KC796079, KC796076, KC796081, 
KC796088, KC796085, KC796086, 
KC796084. Rodent pegivirus  KJ950934, 
NC_021154. Equine Pegivirus  KC410872. 
Guereza hepacivirus  KC551802, KC551800, 
KC551801. Bat hepacivirus  KC796078, 
KC796074, KC796091, KC796090. Non-
primate hepacivirus  JQ434005, JQ434007, 
JX948116, JQ434002. Rodent hepacivirus  
KC41177, KC4117847, KJ950938. Bovine 
hepacivirus  KP641123, KP641126. Canine 
hepacivirus  JF744991. Theiler’s disease virus  
KC145265. Hepatitis C  Y12083, M62321, 
D17763, Y11604, EF108306, KF234516, 
D00944, Y13184. Hepatitis G A  NC_001837, 
AB021287, AY196904, AF023425. Hepatitis 
G B  AF023424, KF234526, F179612. 
Hepatitis G C  AF070476, KP710601, 
KC618398, D87713, AB003289, AY949771. 
Hepatitis G D  KC796082, GU566734.

The compiled sequences were subjected to 
VAMPhyRE (8) using a microarray set of 1327 
9-mer probes collectively termed VPS-9 that 
were designed to produce virtual genomic 
fingerprints for viruses. The hybridization 
takes place between HHPGV-1 and the 76 
virus analyzed, producing a particular signal 
termed fingerprint. Subsequently, a distance 
matrix was generated for the viruses by 
using the VAMPhyRE software (8) based on 
the extension-less method. Simultaneously, 
Virtual Genomic Fingerprints were generated 
for each virus by using the Visual Microarrays 
software, in order to visually compare any 
pair of fingerprints as specific colors are 
assigned to the new virus for comparison 
purposes. Next, taxonomic trees were built 
from a table of distances using the Neighbor - 
Joining method in the MEGA 7 software (13).

Immediately, the EMBOSS software (14) was 
used to perform new editions of the virus 
sequence. The comparison between genomes 
based on multiple alignments was made by using 
the MUSCLE software (15). The alignment 
visualization was made on the SEAVIEW 
software (16). The distance matrix was 
generated by using MEGA 7 (13). The PHYLIP 
software (17) was used to construct trees based 
on the alignment of viral genomes and they were 
edited on the FIGTREE software (18).

Taxonomic trees were based on the Neighbor-
Joining method. A topology analysis was 
performed for both trees by using the latter 
software in order to know their values, 
meanings and the reliability of the respective 
taxonomic trees.

Conversely, consensus taxonomic trees were 
generated by using the previously described 
method. Applying the bootstrap method, a 
seed consisting of 20,000 and 1,000 replicates 
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was made in order to know the reproducibility 
level. Additionally, the respective tree 
topologies were compared and the FIGTREE 
software (17) was used to visualize them. 
Finally, the obtained results were evaluated.

RESULTS

Virtual Genomic Fingerprints were obtained 
for the 76 viruses by using VPS-9. The 
alignment score whit bootstrap method was 
90 and VPS-9 of 92. Figure 1 shows some 
of the obtained profiles. Figure 1A shows 
in red the Virtual Genomic Fingerprints 
of HhpgV-1, whereas all other virus e.g. 
Hepatitis C, Hepatitis G; bat, bovine and 
canine Hepacivirus and ape, bat, horse and 
rodent Pegivirus are shown in green. 1B 
Genome overlapping based on additive color 
and RGB color pattern: red + green = yellow, 
thus these yellow dots are observed in regions 
shared by both viruses. In a second stage, 
taxonomic trees were created for these viruses 
based on VAMPhyRE and the alignments. 
In such trees, it can be observed that the 
HpvH-1 virus (in red) bear similarities with 
the Hepatitis C virus. (Figure 2) Figure 2A. 
However, the Virtual Genomic Fingerprints 
evidence that VPS-9 successfully created a 
genomic fingerprint for each virus. Figure 2B 
Tree constructed by an alignment strategy. 
A slight discrepancy is observed when the 
topology of both trees is compared. The 
Phylip TREEDIST tool was used to analyze 
tree topology, this software computes 
distances between trees, using the Branch 
Score Distance of Kuhner and Felsenstein, 
and Symmetric Difference of Robinson and 
Foulds. If both trees do not have a particular 
branch, the difference is small, the topology 
are considers very similar (19). A symmetric 
distance score of 12 was obtained as well as 
a branch length score of 0.00166101. Between 

two fully resolved bifurcated trees their 
symmetric distance must be an even number.

A)

B)

Figure 1. A) Virtual Genomic Fingerprints for the 
Flaviviridae family. HhpgV-1 was deemed the reference 
organism (red color), Hepatitis C, Hepatitis G; bat, bovine 
and canine Hepacivirus and ape, bat, horse and rodent 
Pegivirus.B) However, overlapping of both genomic 
fingerprints evidence that VPS-9 successfully created a 
genomic fingerprint for each virus. 
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A)

B)

Figure 2. A) Tree constructed based on its genomic 
fingerprint. The virus HHpgV-1 is highlighted (in red) 
B) Tree generated by an alignment strategy. A slight 
discrepancy is observed when both trees topologies are 
compared. The Phylip TREEDIST tool was to analyze 
topology and a symmetric distance score of 12 and was 
obtained as well as a branch length score of 0.00166101.

DISCUSSION  

When both phylogenomics trees are compared a 
close similarity is observed (Figure 2a and b). Our 
results are in agreement with a previous study (6). 
According to the phylogenetic analysis performed 
by using the maximum-likelihood of the NS3 
helicase and the NS5B polymerase regions, HpgV-
1 bear some similarities with the Hepatitis C 
Hepacivirus. This raises some concern as chronic 
infection by HCV is a major health issue because 
it may develop diseases as liver cirrhosis, end-
stage liver disease and liver transplantation (20).

The obtained Virtual Genomic Fingerprints 
allow us to demonstrate that VPS-9 generates 
specific profiles for each virus of the 
Flaviviridae family by using HhpgV-1 as 
reference. Clear differences are observed when 
compared to other viruses. Thus, we can state 
that it can generate specific profiles.

Furthermore, among the advantages is that it 
does not depend on previous sequencing, the 
time for the computer to make the analysis is 
significantly reduced (approximately 1 minute) 
when compared to the alignment method (about 
2 hours). When tree topologies were compared it 
was observed that the differences between them 
are not significant.

The identification of this new human virus, 
HHpgV-1, broadens our knowledge on the wide 
variety of genome configurations regarding this 
viral family and it may lead to a reevaluation of 
the original criteria by which Hepacivirus and 
Pegivirus genera were defined.

This discovery contributes to the list of all existing 
human viruses and provide us information on the 
development of new detection methods and also 
for the study regarding virus propagation and its 
possible association with human diseases.
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The VAMPhyRE technology has been 
successfully used to analyze other viruses 
(Influenza, Ebola, Hepatitis C) (10) as well as.

DISCUSSION  

When both phylogenomics trees are compared 
a close similarity is observed (Figure 2a and b). 
Our results are in agreement with a previous 
study (6). According to the phylogenetic 
analysis performed by using the maximum-
likelihood of the NS3 helicase and the NS5B 
polymerase regions, HpgV-1 bear some 
similarities with the Hepatitis C Hepacivirus. 
This raises some concern as chronic infection 
by HCV is a major health issue because it may 
develop diseases as liver cirrhosis, end-stage 
liver disease and liver transplantation (20).

The obtained Virtual Genomic Fingerprints 
allow us to demonstrate that VPS-9 generates 
specific profiles for each virus of the 
Flaviviridae family by using HhpgV-1 as 
reference. Clear differences are observed 
when compared to other viruses. Thus, we 
can state that it can generate specific profiles.

Furthermore, among the advantages is that it 
does not depend on previous sequencing, the 
time for the computer to make the analysis 
is significantly reduced (approximately 1 
minute) when compared to the alignment 
method (about 2 hours). When tree topologies 
were compared it was observed that the 
differences between them are not significant.

The identification of this new human virus, 
HHpgV-1, broadens our knowledge on the 
wide variety of genome configurations 
regarding this viral family and it may lead 
to a reevaluation of the original criteria by 
which Hepacivirus and Pegivirus genera 
were defined.

This discovery contributes to the list of 
all existing human viruses and provide us 
information on the development of new 
detection methods and also for the study 
regarding virus propagation and its possible 
association with human diseases.

The VAMPhyRE technology has been successfully 
used to analyze other viruses (Influenza, Ebola, 
Hepatitis C) (10) as well as bacteria (9). 

Conversely, Kapoor et al. state that it is 
necessary to perform a reevaluation in order 
to corroborate that the HHpgV-1 virus is 
transmitted by transfusion and also to rule 
out other possible iatrogenic infection sources 
on this period. Even though the presence of a 
new viral genome in human serum samples 
confirms an infection, more evidence is 
needed. Because the transmission route and 
the similarity with the Hepatitis C virus, we 
deemed necessary to introduce a diagnostic 
test for transfusion-transmissible infections, 
in order to prevent unknown complications 
possibly mediated by the HHpgV-1 virus, until 
the pathogenicity of the virus is confirmed. 

Besides seeking and adapting new molecular 
biology methods for diagnosis as it is made by 
using immunological methods that are relatively 
inefficient when pathogen levels are very low 
or those producing conflicting results due to 
immunological cross-reactions.

CONCLUSIONS

The developed probes meet the necessary criteria 
to carry out an experimental hybridization.

A comparison between genomic profile 
development and sequence alignment allow us to 
observe some similarity between both methods.
The genomic information provided by this and 
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other studies suggest that an analysis should be 
performed in order to reevaluate the phylogeny 
of human and animal Flavivirus.
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