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Abstract– In most cases, waste from the wine industry is 

wasted, generating environmental pollution. For this reason, the 

objective of this research was to prepare soaps from the oil of these 

seeds for subsequent determination of the antioxidant capacity by 

the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay, and with the 

residues generated from the extraction of the oil, the adsorbent 

potential of this residue for an anionic textile dye was evaluated. 

The results showed that the prepared liquid soap presented an 

antioxidant capacity corresponding to an IC50 of 3.33%. Higher 

antioxidant capacity was obtained in the solid soap with an IC50 of 

0.075%. After the adsorption study of the anionic green acid dye 25 

(AG25) with defatted grape seed residues, it was possible to remove 

100% of the color from water contaminated with AG25 at a 

concentration of 30 mg/L at pH=2, a dosage of 0.5 g/L, and an 

agitation speed of 300 rpm for 120 minutes. The pseudo second 

order kinetic model was a better fit for the dye removal process thus 

evidencing that the adsorption mechanism involved is 

chemisorption. The results of the FTIR-ATR analysis showed that 

the original grape residue has OH, C-H, and C=O groups that are 

characteristic of the presence of oil in the seed, and after oil 

extraction the intensity of the vibrations of the C=O and C-H 

groups are reduced because the residue was defatted. After the 

adsorption of AG25, the C-H vibration became less intense. Finally, 

the point of zero charge of the grape seed variety Italia was 4.67, so 

the interaction between adsorbate-adsorbent would correspond to 

electrostatic attractions. The present study has shown that the grape 

seed variety Italia is a waste with biorefinery potential as it 

possesses antioxidant compounds found in soaps, which could 

economically benefit the wine industries, and at the same time, the 

degreased waste has a high capacity to remove dyes, being an 

environmentally friendly alternative that can be considered for the 

treatment of textile wastewater. 

Keywords-- Grape seed, antioxidant capacity, soap, textile dye, 

acid green 25. 

I.  INTRODUCTION 

Synthetic dyes represent a relatively large group of 

organic chemical compounds found in our daily lives [1]. 

Dyeing industries discharge about 7.5 metric tons per year of 

dye-laden wastewater [2]. Wastewater-containing dyes are one 

of the main threats to the environment [3]. Textile dye 

pollution is such a serious problem that the United Nations 

Environment Programme (UNEP) found that not only is fabric 

dyeing the second largest water pollutant, but that the fashion 

industry alone produces 20 % of the world's wastewater, with 

these toxic chemicals contributing to the increasing level of 

pollution, which has a detrimental effect on marine life and the 

aquatic ecosystem[4], [5]. Several technologies for the 

removal of textile dyes have been proposed, such as 

heterogeneous photocatalysis using semiconductors as the 

TiO2 [6] and some novel studies have developed materials 

based on nanotechnology achieving efficient results [7]. On 

the other hand, biodegradation processes have also been 

developed using bacteria [8]–[10] and algae [11]–[13] with 

promising results, however, the problem with these 

methodologies is their difficult application and scaling to real 

environments. Another efficient and easy-to-implement 

alternative is adsorption [14]. Adsorption processes are 

increasingly used because in this process the dye molecules 

are adsorbed on the surface of the material using a series of 

mechanisms that are specific to each adsorbent used [15]. 

Another important problem to be addressed stems from 

the wine industry, which is developing worldwide [16] 

representing an important economic activity that was affected 

by the COVID-19 pandemic [17].  In particular, the problem 

is that approximately 20 % of the grapes, including the seed, 

stalk, and skins, are not used in wine production and therefore 

end up in landfills [18] generating pollution. Given this, the 

interest in the valorization of agricultural residues seems to be 

sustainable because they are renewable resources. [19]. Grape 

pomace is one of the most abundant solid by-products 

generated during winemaking. Many products are recovered 

from grape pomace, such as ethanol, tartrates, citric acid, 

grape seed oil, hydrocolloids, bioactive compounds, and, 

dietary fiber [20]. Therefore, there is great interest in the 

valorization of grape pomace, an agricultural waste that is 

produced in large quantities every year [21]. Seed oil, in 

general, could be applied in the elaboration of soaps [22] since 

any saponifiable oil can be used for soap making, however, 

the soap obtained will have the physicochemical 

characteristics of the oil's origin [23], considering this, grape 

seeds present in their composition phytochemical compounds 

with important antioxidant activity [24], which in a study was 
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taken into account for the elaboration of a facial cream [25]. In 

this sense, taking advantage of grape oil could be an 

alternative to generate greater economic income [26] by 

manufacturing high-demand products such as soaps, which 

are. For this reason, one of the objectives of this study was to 

evaluate the antioxidant capacity of soaps (liquid and solid) 

made from grape seeds of the Italia variety obtained from a 

wine industry in the city of Arequipa, Peru. The production of 

soap would leave a residue of defatted seeds, therefore, the 

second objective of this research was to give an added value to 

this second residue as a promising adsorbent of a textile dye 

used in the textile industry in Arequipa (Acid Green 25), 

because research has shown that grape residues are effective in 

removing dyes such as methylene blue [27], [28], wastewater 

dye [29] and Reactive Black 5 [30].  

II. MATERIALS AND METHODS 

A. Reagents and equipment 

All reagents used in the present research were purchased 

from Merck. Acid Green 25 dye (AG25) was purchased from 

Sigma Aldrich. 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) and 

Trolox were obtained from Merck. Quantification of AG25 

dye and determination of antioxidant capacity were performed 

on Thermo Scientific Genesys 150 UV-Vis 

spectrophotometer. 

B. Seed collection and pressing 

Italia grape skin waste was collected from a wine 

company in the district of Vitor, located in the province and 

department of Arequipa, Peru. Once collected, these residues 

were washed with abundant distilled water and the seeds were 

carefully separated. The seeds were dried in an oven at 40 °C 

for 48 hours. Subsequently, the seeds were taken to a 

mechanical press of the Kodama S.A.C. Research Center. 

After pressing, the oil was obtained and used for the 

elaboration of the soaps and the determination of their 

antioxidant capacity (Figure 1). As shown in Figure 1, a post-

pressing residue of seeds is generated in the form of bars 

(Residue). 

 

C. Solid soap production 

 The production of solid soap is schematized by the 

operation process chart shown in Figure 2. This process 

consisted of weighing 100 g of grape seed oil in a beaker. The 

oil was then heated to 80 °C and a 25 % sodium hydroxide 

solution was slowly added, maintaining constant mixing for 15 

min or until saponification. It was then placed in soap molds 

and cured for 3 months. After this time, the antioxidant 

capacity of the solid soap was evaluated. 

 

D. Production of liquid soap 

 The production of liquid soap is schematized using the 

operation process chart shown in Figure 3. The process 

consisted of weighing 100 g of grape seed oil in a beaker. 

Then, it was heated to 80 °C and 25 % potassium hydroxide 

was slowly added, mixing constantly for 15 min or until 

saponification, then, gelatinization was carried out by stirring 

at 50 °C for 45 min until a creamy texture was obtained, then 

the temperature was reduced to 30 °C and stirred for 15 min, 

then, the gelatinization was carried out by stirring at 50 °C for 

45 min until a creamy texture was obtained. It was allowed to 

cool and taken to a container for curing for 5 days obtaining a 

soft and easily malleable soap. The soft soap was dissolved 

with a suitable amount of distilled water at 80 °C and placed 

in a container for curing for 5 days. Volumes of 100 mL of 

water were added for 3 days to hydrate the mixture and 

finally, the liquid soap was obtained and evaluated for its 

antioxidant capacity. 

 

Fig. 1. Oil extraction process by pressing, obtaining mechanical soap, and 

final analysis of each soap. 
 

E. Evaluation of antioxidant capacity 

 For the determination of the antioxidant capacity, the 

DPPH assay described by Atolani et al.[31] with some 

modifications. The test consisted of preparing solid soap 

solutions at concentrations of 0.25 to 3 % and for liquid soap, 

it was from 2.5 to 30 %. 100 μL of each solution was 

measured in a glass container covered with aluminum foil to 

which 3 mL of a 0.05 mg/mL DPPH solution was added 

(initial absorbance = 1.4252). Se dejó reaccionar por una hora 

en la oscuridad. Posterior al tiempo se procedió a medir las 

absorbancias finales a 517 nm por espectrometría a las cuales 

se les denominó absorbancia de la muestra. DPPH radical 

scavenging potential was expressed as a percentage of DPPH 

radicals scavenged. Trolox at concentrations of 0.1 to 1 mM 

was used as a standard for comparison. The DPPH solution 

without a sample was considered as a control. Antioxidant 

capacity was determined using Equation 1: 

100% 
−

=
Control

sampleControl

A

AA
AC                (1) 

 The concentration of solid or liquid soap capable of 

scavenging 50 % of DPPH radicals was considered as IC50 

which was calculated in GraphPad Prism 8 software [32].  
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Fig. 2. Operation process chart for the production of solid soap 
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Fig. 3. Operation process chart for the production of liquid soap 

F. Acid green 25 dye adsorption study 

For the adsorption study, the residue generated in the 

pressing process was used; however, for the adsorption of the 

dye, it was necessary to carry out an additional process. The 

rods were pulverized in a blade mill, then 20 g of the 

pulverized residue was weighed in a cellulose cartridge and 

subsequently placed in the extraction chamber of a Soxhlet 

[33] where extraction was carried out with diethyl ether for 6 

hours to remove the remaining oil from the residue. The 

degreased grape residue was exposed to room temperature to 

evaporate the solvent and then used for AG25 dye removal 

studies. The whole process is schematized in Figure 4. 

Equation 2 was used for the quantification of AG25: 

0058.0017.0 += xy                            (2) 

Where "x" is the concentration of AG25 in mg/L and "y" is the 

absorbance at 605 nm. The coefficient of determination R2 of 

the calibration graph was 0.9995 at dye concentrations from 

0.5 to 30 mg/L. 

 

Fig. 4. Preparation process of defatted grape seed residue for subsequent use 

in the adsorption of acid green 25 dye (AG25). 

The adsorption study of AG25 on defatted grape seeds was 

carried out in a batch agitation system. The procedure 

consisted of measuring 100 mL of the dye at an initial 

concentration of 30 mg/L in a 250 mL beaker. Then, the pH 

was fit to 2 with 0.1 N HCl and 0.1 N NaOH, subsequently, 

agitation was started at 300 rpm and 0.05 g of the adsorbent 

was added (dosage=0.5 g/L). The system was stirred for 120 

minutes and samples were taken at 0, 5, 10, 15, 30, 60, and 

120 minutes. Water samples were centrifuged at 6000 rpm for 

10 min and the supernatant was analyzed by 

spectrophotometry at 605 nm. 

 

Concentrations were calculated using equation 2 and then 

the percentage removal rate (%R) was calculated using 

equation 3 [34]: 

100% 
−

=
i

fi

C

CC
R                         (3) 

Where “Ci” is the initial concentration of the AG25 in mg/L 

and “Cf” is the final concentration of the AG25 in mg/L. 
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Subsequently, the kinetics of the adsorption process was 

evaluated. For this purpose, the adsorption capacity "qt" was 

calculated with equation 4: 

V
m

CC
q

fi

t 
−

=                              (4) 

Where “m” is the mass of grape seed powder in grams and “V” 

is the volume of the agitation system in liters. 

 The kinetics of the process was evaluated considering the 

pseudo first order and pseudo second order kinetic model 

presented in equations 5 and 6 respectively. 

)11( tk

et eqq −=                             (5) 

 

tqk

tqk
q

e

e
t 2

2

2

2

1+
=                                (6) 

Where “k1” is the first order rate constant, “qt” is the 

adsorption capacity at time “t” and “qe” is the adsorption 

capacity at equilibrium, and “k2” is the rate constant of the 

pseudo second order model [35]. 

G.   Characterization of the adsorbent 

FTIR-ATR analysis was performed on the Agilent Cary 

630 ATR-FTIR analyzer [36]. The grape seed pulverized 

before and after oil extraction was analyzed. Likewise, the 

analysis was performed after the adsorption of the dye with 

the defatted residue. 

 

On the other hand, the point of zero charge (pHPZC) was 

calculated. For this, we used the procedure developed by 

Choquenaira-Quispe et al. [37]. The procedure consisted of 

measuring in 100 mL beakers a volume of 50 mL of a 0.1 M 

NaNO3 solution. Subsequently, the pH was fit with 0.1 M 

HNO3 and 0.1 M NaOH at pH 2, 3, 4, 5, 5, 6, 7, 8, 9, 10, and 

11. Then, 0.05 g of the defatted pulverized residue was added 

and it was left stirring with the aid of magnetic stirrers for 24 

hours. At the end of this time, the final pH (pHf) of the 

solutions was measured. The calculation of the pHPZC was 

performed by plotting the initial pH (pHi) vs. the pH. The 

latter was calculated with equation 7: 

fi pHpHpH −=                       (7) 

III. RESULTS AND DISCUSSION 

A. Antioxidant capacity in soaps 

 Figure 5 shows the liquid soap to which 2 drops of green 

food dye were added, and the solid soap is also shown. 

  

 Table 1 shows the results of the analysis of the 

antioxidant capacity of both soaps, finding that the liquid soap 

presented an IC50 of 3.33 % and the solid soap of 0.075 %, 

also, these results were compared with the Trolox, finding an 

IC50 of 0.02 % for the latter. These tests show that the soap 

exhibits antioxidant activity. In a similar study, they prepared 

a transparent soap from Ganoderma with antioxidant 

properties with an IC50 of 1.53 mg/mL equivalent to 0.15 % 

[38]. Compared to this study, grape seed oil solid soap would 

exhibit a higher antioxidant capacity than Ganoderma soap. 

Antioxidant capacity would be related to the concentration of 

phenolic compounds and other components [39] present in the 

seed oil, which could also be indicative of the properties of the 

soap [40]. Complementary studies could be carried out based 

on these results, such as the determination of the antibacterial 

effect to determine the effectiveness of both soaps against 

pathogenic microorganisms [41]. 

 

Fig. 5. Solid and liquid soap obtained from grape seeds of the Italia variety. 

TABLE I 

ANTIOXIDANT CAPACITY OF GRAPE SEED OIL LIQUID AND SOLID SOAP, 
ITALIAN GRAPE SEED OIL VARIETY 

Product IC50 

Liquid soap 3.33 % 

Solid soap 0.075 % 

Trolox 0.71 mM (0.02 %) 

B. Adsorption study 

Figure 6 shows the percentage of AG25 removal 

concerning the agitation time, showing that 100 % of the color 

of the solution was removed after 120 minutes. This figure 

also shows the initial color of the dye AG25 of 30 mg/L, and it 

is also noted that the color of the dye decreases as a function 

of the agitation time.  

 Figure 7 shows the fit plots of the removal process to the 

pseudo first order and pseudo second order mathematical 

models. It is observed that graphically the pseudo second 

order model would fit the process better. 

The parameter values of the pseudo first order and pseudo 

second order models are presented in Table II where it is 

observed that the adsorption process fits a pseudo second 

order model with a coefficient R2 is 0.9968 which is higher 
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than the coefficient value of the pseudo first order model 

(R2=0.993). These results indicate that the adsorption process 

would correspond to chemisorption mechanisms. According to 

the pseudo second order model, the adsorption capacity at 

equilibrium qe is 57.06 mg/g. 
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Fig. 6. Adsorption of Acid Green 25 on defatted grape seeds as a function of 

agitation time. 
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Fig. 7. Pseudo first order and pseudo second order kinetic modeling of the 

adsorption of the dye Acid Green 25 on the degreased grape seed. 

Compared to other studies where other biosorbents were 

used to remove AG25 some reported lower removal capacities 

as in the studies of Jain et al. [42] which found that the alkali 

modification of Prunus Dulcis increases the adsorption 

capacity of AG25 up to 28.57 mg/g. Likewise, Ayad et al. 

[43], found that a polyaniline nanotubes salt/silica composite 

exhibited a 2.7 mg/g, and Yap et al.[44] found a capacity of 

31.35 mg/g when using kaolin as an adsorbent. 

 

On the other hand, other studies have achieved higher 

removal capacities, such as the studies of Parimalam et al. 

[45] which evaluated the removal of this dye with activated 

charcoal of Ananas Comosus finding a capacity of 182.6 mg/g, 

and Kalotra et al. [46] which found a removal capacity of 518 

mg/g using carbon aerogel powder. With these results, further 

studies could continue with the aim of chemically or 

physically modifying the grape residue to prepare activated 

carbon to improve the adsorption capacity of defatted grape 

seeds. 
TABLE II 

PARAMETER VALUES OF THE PSEUDO FIRST ORDER, PSEUDO 

SECOND ORDER KINETIC MODELS FOR THE ADSORPTION PROCESS 

OF ACID GREEN 25 

Model Parameter Value 

 qexp, (mg/g) 59.09 

Pseudo first order k1 (min-1) 0.055 

qe,cal (mg/g) 57.06 

R2 0.993 

Pseudo second order k2 (g mg-1min-1) 0.0009 

qe,cal (mg/g) 67.87 

R2 0.9968 

 

C. Characterization 

Figure 8 shows the FTIR-ATR spectra of Italian grape 

seed in the various processes studied. Figure 8A shows the 

presence of -OH groups at 3300 cm-1 that could correspond to 

the hydroxyls of the polyphenols or hydroxyls of the fatty 

acids of the oil present in the seed. On the other hand, there 

are characteristic C-H vibrations at 2800, 2900, and 3000 cm-1 

present in alkanes, which could correspond to the hydrocarbon 

chain of the fatty acids. Likewise, vibrations are also observed 

at 1640 cm-1 corresponding to C=C groups. At 1750 cm-1 the 

vibration of the C=O groups of the carboxylic acids present in 

the fatty acids of the seed oil is observed. On the other hand, 

Figure 8B shows the FTIR spectrum of defatted Italia grape 

seed, it is observed that there is the presence of -OH groups at 

3300 cm-1 that could correspond to the hydroxyls of the 

polyphenols present in the seed, on the other hand, there are 

characteristic C-H vibrations at 2800 and 2900 cm-1. Also, a 

small vibration at 1750 cm-1 of the carboxyl groups is not 

present ensuring that the residue was efficiently degreased. 

Figure 8C shows the FTIR spectrum of defatted Italia grape 

seed after the VA25 dye removal process, where it is observed 

that the characteristic C-H vibrations at 2800 and 2900 cm-1 

decreased when compared to the spectrum in Figure 8B, this 

could be due to the presence of the adsorbed dye in the 

defatted seeds. 

 

Finally, the point of zero charge was determined (pHPZC). 

Figure 9 shows the graph corresponding to the determination 

of the pHPZC, which gives a value of pHPZC=4.67, this value 

was taken from the pH value when the pH is zero. In 

comparison with other studies, it was found that Ahmed et al. 

[47] used Jaca leaf to remove methylene blue and found a 

pHPZC of 3.9, in this study the percentage of removal was 

favored at pH lower than the pHPZC. Nasiruddin Khan et al. 

[48] explain that adsorption given below the pHPZC indicates 

protonation of the adsorbent favoring electrostatic interactions. 

Then, the grape seed by removing the AG25 below the value 

of the pHPZC=4.67 would indicate electrostatic interactions 

between AG25 (anionic dye) and positively charged grape 

seed lignin at pH=2.  
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Fig. 8. FTIR spectra of grape seed Italy (A) unprocessed, (B) defatted and (C) defatted after adsorption of acid green 25 dye. 
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Fig. 9. Graph for point of zero charge calculation. 

IV. CONCLUSIONS 

Soaps were prepared from the grape seed oil of the Italia 

variety. Liquid soap showed higher antioxidant capacity than 

liquid soap. It was demonstrated that grape seed oil is a 

product that can be used for the preparation of soaps that 

would preserve the antioxidant properties of the oil. It has 

been demonstrated that the residues generated from the 

extraction of grape seed oil of the Italia variety have a high 

potential as adsorbents of the dye AG25, removing 100 % of a 

30 mg/L solution. The point of zero charge of the defatted 

seeds was 4.67. The adsorption process would be based on 

electrostatic attractions. The pseudo second order model fitted 

the adsorption process best suggesting that the adsorption 

process corresponds to chemisorption. This study could 

initiate the incorporation of cosmetic manufacturing processes 

in the wine industry to generate greater economic income. 
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