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Abstract

The pea pod is a by-product that has several bioactive compounds. The effect of temperature, time, solid-liquid ratio and ethanol
concentration on the ultrasonic assisted extraction of phenolic compounds were studied. A 2% factorial design was used and through
ANOVA analysis the effect of each process variable was determined. Total phenols were analyzed by the Folin Ciocalteu method. The
results showed that the temperature did not affect significantly the extraction of total phenols, however extraction time, ethanol
concentration and solid-liquid ratio affected the extraction yield. The maximum concentration of the total phenols for each of the factors
was recorded at 20 minutes, a 50% ethanol concentration and a liquid solid ratio of 1:40. These results provide useful information to
optimize the ultrasound-assisted extraction process of the phenolic compounds of the pea pod according to the factors studied.

Keywords: agroindustrial potential; by-product; extraction process; factorial design; high added value; natural sources.

Evaluacion del efecto de diferentes factores sobre la extraccion
asistida por ultrasonido de compuestos fenolicos de la vaina de
arveja

Resumen

La vaina de arveja es un subproducto que posee diversos compuestos bioactivos. Se estudio el efecto que ejercen la temperatura, el tiempo,
la relacion sélido-liquido y la concentracion de etanol sobre la extraccion de fenoles totales asistida por ultrasonido. Se empled un disefio
factorial 2K y mediante analisis ANOVA se determind el efecto de cada variable de proceso. Los fenoles totales se cuantificaron mediante
el método de Folin Ciocalteu. Los resultados mostraron que la temperatura no tuvo efecto significativo sobre la extraccion de fenoles, sin
embargo, el tiempo, la relacion solido-liquido y la concentracion de etanol si ejercen efecto sobre la extraccion. La mayor concentracion
de fenoles totales para cada factor se alcanzé a 20 min, relacion solido-liquido de 1: 40, y etanol al 50%. Estos resultados proveen
informacion 1til para optimizar el proceso de extraccion asistido por ultrasonido de fenoles totales en vaina de arveja.

Palabras clave: potencial agroindustrial; subproducto; proceso de extraccion; disefio factorial; alto valor agregado; fuentes naturales.

process of this legume, important volumes of residues are
generated represented in the pods that reach between 40%
and 50% of the initial weight of the fruit [3]. This by-
product is undervalued due to that the compounds like

1. Introduction

Legumes are one of the most important crops
worldwide; they are an economic source of many regions

around the world [1]. Global production of green peas for
2014 was 17.42 million tons, whose main producers are
China and India, Colombia ranked 20th among the 88 fresh
pea producing countries [2]. During the commercialization

phenolics, sugars, chlorophylls, etc. present in the plant
tissue have not been analysed and used, that is, there is a
lack of use of the pea pod. Additionally, recent studies
report hepatoprotective activities, antioxidant, and
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important concentrations of phenolic compounds [4,5],
making this residue a material of great agroindustrial
potential. Phenolic compounds play an important role in the
prevention of diseases such as arteriosclerosis and cancer
[6]. For this reason, there is a growing interest in separating
these vegetable antioxidants and using them as natural
antioxidants [4,7].

Preliminary results (unpublished data) showed that the
extraction of total phenols from the pea pod with soxhlet,
maceration and assisted by ultrasound showed no
statistically significant differences. In this sense, despite the
fact that the most widely used conventional methods of
extraction of phenolic compounds, are soxhlet extraction
and maceration, these techniques have cost-effective
disadvantages, because high temperatures are applied,
extraction times are long, and high amounts of solvent are
required which are generally toxic causing a decrease in
final extraction yield [7,8]. For this reason, the current trend
is to use techniques like high pressure extraction,
ultrasound, microwave, use of enzymes, among others, that
are more environmentally friendly and which contribute to
the reduction of loss of phenolic and bioactive compounds
during extraction [6,9].

In this sense, given the costs of implementation at the
laboratory level, ultrasound results in an excellent
alternative for the extraction of bioactive compounds [10].
Among the applications of ultrasound in food processing, it
can be highlighted its application in the inactivation of
enzymes and microorganisms, extraction of boactive
compounds, dehydration, filtration, crystallization,
emulsification, homogenization, and depolymerization,
among others [11]. This technique, is generally used to
promote an efficient, and rapid dissolution of solutes
present in the samples in the solvent by the cavitational,
effect caused by the entrance of the ultrasonic waves that in
turn cause a disruption of the cellular walls of the biological
matrix, which facilitates the extraction of the solute [10,12].
Authors such as [12-14], have investigated the extraction of
phenolic compounds from natural sources and suggest that
the factors that exert effects on yield in extraction are time,
temperature, solvent concentration and the solid-liquid ratio
mainly.

Therefore, the aim of this research was to study the
influence of the process variables (ethanol concentration,
temperature, time, and solid-liquid ratio on the extraction of
total phenols from the powder residue of the pea pod, which
can be a potential raw material of low cost, from which
substances, chemical, biological, bioactive compounds with
high added value could be extracted [16,17].

2. Experimental procedure
2.1. Materials and reagents

The Andean variety pea pod (Pisum sativum) from the
municipality of Ipiales (Narifio), was collected in the Santa
Elena market in the city of Cali, Colombia. Folin-
Ciocalteau reagent (Panreac ITW Companies), gallic acid
97.5-102.5% (Sigma Aldrich Co.), sodium carbonate

(Yequim Ltd.), 2,2-diphenyl-1-picrylhydrazyl (DPPH),
ethanol and methanol for analysis (Merk Darmstadt).

2.2. Preparation of the sample

The pea pod, was washed and disinfected with sodium
hypochlorite in 50 ppm concentration, allowed to dry at room
temperature, cooled for 3 hours to finally freeze for 12 hours
at -80 ° C and then to freeze drying in a FreeZone 4.5 (Liter
Benchtop Freeze Dry System) freeze drier. The process was
carried out under the following conditions: temperature of -
55 ° C, surface of the condenser 13.6 dm2, and pressure of
0.12 mbar for 24 hours [18]. The freeze dried sheath was
crushed in a hammer mill (IKA WERKE M20), finally sieved
with an 80 mesh and packed in glass flasks with plastic cap,
covered with aluminum foil and stored under refrigeration
until various analyzes [18,19].

2.3. Phenol extraction

The freeze dried powder from the pea pod was subjected
to ultrasonic assisted extraction (Ultrasonic Branson 1510
sonication bath was used; Branson Ultrasonics Corp.
Danbury, USA). About 0.25 g of the pea pod powder was
weighed, and ethanol was added at 50 and 80%
concentrations and in volumes between 5 and 10 mL. The
samples, were subjected to ultrasonic-assisted extraction
during times between 20 and 50 min and at temperatures
between 30 and 50 °C. Finally, the samples were filtered
through Whatman No 4 paper and the filtrate was used for
the quantification of total phenols.

2.4. Quantification of total phenols

They were quantified by the method of Folin-Ciocalteu
[20] with slight modifications [21,22]. 500 pL of each
extract, 5 mL of distilled water and 500 pL of the Folin
reagent, were added to the spectrophotometry reading tubes
covered with aluminum foil and allowed to stand for 3 min.
1 mL of Na,COs to 1N was then added and left standing for
2 hours. Finally, the absorbance was read on a Jenway 6320D
spectrophotometer at 765 nm. The results were expressed as
mg of gallic acid equivalents (GAE) / g dry weight.

2.5. Experimental design

It was developed in two phases, the first one used a 2¥
factorial design to identify which variables influence on the
yield of total phenolic compounds, with 4 process variables
described in Table 1. The design was composed of 48
experiments including three replicates of each experiment.

Table 1.
Process variables and the levels used in the factorial design for the
extraction of total phenols.

Independent variables Levels
(X;) ethanol concentration (%) 50 80
(X,) temperatura (°C) 30 50
(X3) extraction time (min) 7,5 12,5
(X4) S-L ratio (0,25g/mL) 5 10

Source: The Authors.
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Low and high values for each factor were determined based
on previous studies on the extraction of phenolic compounds
in different plant materials [14,15, 23-27]. The second phase,
was to determine the central points where the extraction
process of the total phenolic compounds could be optimized.
For this purpose, total phenolic compounds concentration
graphs were drawn versus each of the variables that had
significant effects. The variation of each of the process
variables was performed while the others remained constant.

2.6. Experimental analysis

An ANOVA analysis of variance was applied to evaluate
the significance of each factor and graphic of main effects.
All analyzes were performed using the Minitab 17 statistical
software.

3. Results and discussion

3.1. Total phenols results extracted from the pea peel and
analysis of variance ANOV A

The total phenols that were extracted in the experimental
runs of the pea pod presented values between 3.98 + 0.012
and 5.66 = 0.115 (mg EAG/g freeze dried sample). In the
ANOVA analysis (R-square = 96.72%, R-sq (adj) = 96.72%,
R-sq (pred) =94.97%, S =0.0891692) and Fig. 1, It is evident
that only the ethanol concentration (%) and the SL (g/mL)
with P-Value = 0.000 have significant effects on the yield of
total phenolic compounds, while temperature (°C) and time
(min) with P-Value of 0.882 and 0.866 did not show
significant effects on the extraction.

According to the ANOVA analysis, the time did not show
significant effects on the extraction however, with respect to
the time it was decided in the second phase of the experiment
to work in a range of 5-20 minutes, since it is possible that
the maximum extraction of phenolic compounds would be
below 20 minutes, as other investigators have previously
reported in extracting this bioactive compound [13,28,29]. In
the case of temperature, it was decided to fix it at 30 °C since
different researchers commented that at higher temperatures,
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Figure 1. Main effects on the extraction of total phenols
Source: The Authors.

the surface tension of the solvent and the vapor pressure of
the cavitation bubbles decrease, negatively affecting the
cavitation intensity, reducing the output power of the
ultrasound equipment [12,30]. In addition, the set of: sample-
ultrasound-concentration of ethanol contributes to increase
the solubility of the total phenols, which facilitated their
extraction without the need to apply high temperatures [31].

According to the results, the values that were used to
analyze the variation of each of the process variables were
established: Concentration of ethanol at 50%, time 20 min
and S-L ratio of 0.25 g/10 mL, these values, were taken
because they are the points where the experimental greatest
extraction of total phenols, was achieved and for temperature
the value was based on the literature.

3.2. Effect of time

Fig. 2 shows the results obtained for concentration of total
phenols versus time, there were values between 5.40 = 0.01
and 5.75 £ 0.11 (mg EAG/g freeze dried sample).

In the Fig. 2 can be observed that as the exposure time to
the sonication process increases, also, the concentration of
extracted total phenols increases. Similar results report
studies by [8,13,29], who found that the optimal extraction
times were 10, 11, and 7 min respectively, this allows us to
infer that times close to 20 min are sufficient for the
ultrasound to provoke the cavitation phenomenon as
previously commented by [12], this mechanical energy,
breaks the cellular structures and in turn allows the solvent to
enter the material and extract the intracellular compounds
from the pea powder samples, finally according to Fig. 2, it
is suggested to use a time of 20 min to achieve the highest
yield in extracting phenolic compounds from the pea pod.

3.3. Effect of the S-L relationship

As shown in Fig. 3 the highest concentration of phenols
was extracted using a solid-liquid ratio of 1:40, that is to say,
0.25 g of sample per 10 mL of ethanol.

In the Fig. 3 the ratio of 1: 40 agree with [29], who
reported an optimal extraction ratio of 1: 50, of the
antioxidant compounds of Jatropha integérrima flowers,
similarly [32] found the best solid-liquid ratio is 1:35 (m/v)
for extraction of polyphenols from leaves of Moringa
oleifera, likewise.

Total phenols (g GAEg DM)

5 10 15 20
Time (min)
Figure 2. Extraction of phenolic compounds vs time, constants: T ° =30 °C,
50% Ethanol, Volume of ethanol = 10 mL and 0.25 g of sample.
Source: The Authors.

Figure 2. Extraction of phenolic compounds vs time, constants: T ° = 30 °C,
50% Ethanol, Volume of ethanol = 10 mL and 0.25 g of sample.
Source: The Authors.
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Figure 3. Extraction of phenolic compounds vs S-L ratio (1: 20 (0.25 g/ 5

mL), 1:30 (0.25 g/ 7.5 mL), 1:40 (0.25 g/ 10 ML) and 1:50 (0.25 g/ 12.5

mL)), remaining constant: T ° =30 ° C, 50% Ethanol, time = 20 min.
Source: The Authors.

[28] report, that the best solid-liquid ratio is 1: 31 in the
extraction of phenolic compounds from Euryale Ferox seed
pods. The results, are consistent with the principle of mass
transfer, where the concentration gradient between the
material and the solvent increase is the driving force of mass
transfer [30].

A greater amount of solvent improves its extraction
capacity, avoiding the early saturation of the same allowing
to reach a higher concentration of the compound of interest
[32]. On the other hand, the possible explanation for the
reduction of phenolic compounds in ratios greater than 1:40
in the present study, is the extraction of impurities such as
polysaccharides and proteins that can be dissolved in the
medium, affecting the dissolution of the phenols [33].
Therefore, the 1:40 ratio is recommended as the central point
in extracting phenolic compounds from the pea pod in future
optimization experiments.

3.4. Effect of ethanol concentration

In Fig. 4 the highest phenolic content was achieved by
using 50% ethanol, and as the ethanol concentration was
increased to 80% the phenol concentration decreases.

6.0

Total phenols (mg GAE/'g DM)
©w
9
h

50 60 70 80
Ethanol concentration (%)
Figure 4. Extraction of phenolic compounds by varying the concentration of
ethanol, and maintaining constant: T° = 30°C, time = 20 min, Volume of
ethanol = 10 mL and 0.25 g of sample.
Source: The Authors.
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The results shown in the Fig. 4 are in accordance with
those reported by [34] in the extraction of piceid, resveratrol
and emodin in Polygonum cuspidatum with 50, 59, and 71%
ethanol concentrations as extraction solvents. [28] also found
that using 52% ethanol allowed the best extraction of
phenolic peel compounds from Euryale ferox seeds. [10]
reported that polyphenols, are easily solubilized in
|hydroalcoholic mixtures (protic polar medium), and
maintains that specific fractions or compounds of interest can
be recovered depending on the polarity that is obtained by
adjusting the wvariation in alcohol concentration.
Consequently, a concentration of 50% ethanol as the central
point in the extraction of phenolic compounds from the pea
pod in future optimization experiments is recommended.

4. Conclusion

In this study we can conclude that the time factors, S-L
ratio, and ethanol concentration significantly affected the
ultrasonic-assisted extraction of the total phenolic
compounds present in the pea pod. The extraction of the total
phenols in the pea pod by ultrasound increased significantly
when the extraction time was 20 minutes, the ethanol
concentration corresponded to 50%, and an S-L ratio of 1:40
was used. These results provide useful information to
optimize the ultrasonic assisted extraction process of the
phenolic compounds of the pea pod according to the factors
studied.
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