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Abstract
Grape pomace is a high potential by-product due to its content of valuable compounds, such as pectin. It is highly perish-
able and requires pretreatment for its conservation. Therefore, this work aims to evaluate the effect of four drying methods: 
convective drying, freeze-drying, infrared-radiation drying, and solar drying, on the properties of pectin fractions obtained 
from pisco grape pomace. Freeze-drying and convection drying reported the highest extraction yields. The drying of grape 
pomace by all the methods evaluated decreased the degree of esterification on the pectins. The highest reducing sugar content 
(19.8%) and antioxidant capacity (7238 µmol TE/100 g d.m.) were obtained from freeze-drying pretreatment. The highest 
galacturonic acid content (28.4%) and molecular weight (63.3 kDa) were found in the pectin obtained from the convective 
drying pretreatment. Thus, each drying method evaluated affects the pectin’s physicochemical properties differently. Also, 
pectin fractions with a high degree of methoxylation and a high antioxidant capacity were obtained from pisco grape pomace. 
This study provides information about the effect of drying as a pretreatment of pisco grape pomace on the properties of the 
pectin obtained from it.
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Statement of novelty

Grape pomace is the main by-product of the pisco and wine 
industry. Despite its high content of valuable compounds, 
such as pectin, it is mainly used to produce compost. On the 
other hand, large quantities of this by-product are produced 
in a short period. So a strategy of revaluation and conserva-
tion of pisco grape pomace is needed. The novelty of this 
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work focuses on using this by-product to obtain pectin, con-
sidering that the processes applied for its conservation could 
influence the properties of pectin. In addition, the pectin 
obtained from grape pomace has different physicochemical 
properties from those found in citric pectin, which could 
favor the obtaining of pectin oligosaccharides, which are 
compounds with prebiotic potential.

Introduction

In recent years, the interest in reducing food waste increased 
for environmental and sustainable development reasons 
[1]. Food waste is a valuable source of high added-value 
compounds like polysaccharides, polyphenols, essential 
oils, pigments, proteins, flavorings, enzymes, dietary fiber, 
among others, and there is an increasing interest in research 
food waste valorization from different industries [2]. Grape 
pomace is the principal solid by-product generated during 
winemaking by the winery industry. It is constituted by skin, 
seed, and stalks grape represents approximately 20% of the 
total volume of grape processed [3]. Also, grape pomace is 
a by-product with a high potential for its content of unfer-
mented sugars, alcohol, polyphenols, tannins, pigments, and 
other valuable products, according to be the grape variety 
[4, 5].

While so many studies have focused on this by-product, 
few talk about pomace from white varieties. Industries that 
use the white grape to produce white wine or pisco (a dis-
tilled alcohol made from grapes) need to find revaluation 
options that are not only considered for compost and animal 
feed [6]. By-products of the wine industry were widely used 
for their polyphenol and oil content, but in recent years it has 
been taking attention for its fiber content, specifically pectin 
[4, 7]. Pectin is a heterogeneous polysaccharide located in 
the middle lamella and the cell wall of plants. It is widely 
used in the food industry as a gelling agent, stabilizing, and 
thickening agent [8].

The pectin content in grape pomace could depend on the 
grape variety and the state of maturity of the grape [9, 10], the 
industrial process, and the addition of pectolytic enzymes in 
the winemaking process [11]. A few authors have explored 
the use of pomace as a source for obtaining pectin [12, 13]. 
An analysis of carbohydrates in pomace from ten grape varie-
ties as raw material to produce fiber concentrates would show 
that pectic substances are the main component of the cell wall 
(40 to 54% of the total cell wall) [14]. Minjares-Fuentes et al. 
[12] studied the optimization of pectin extraction from grape 
pomace of Cabernet Sauvignon with a yield of 32, 3%, and 
Colodel et al. [13] obtained pectin from Chardonnay grape 
pomace with a yield of 11.1%. The previous shows that grape 
pomace is a very interesting source of pectin; even so, no stud-
ies were found on the effect of a grape pomace pretreatment 

on the properties of pectin, nor the use of grape pomace from 
the pisco industry as a source of pectin.

On the other hand, the harvest of grapes occurs only for 
2–3 months per year. For this reason, it is necessary to apply 
conservation strategies to avoid contamination of the raw 
material until the extraction of different compounds. Further-
more, the grape pomace is highly perishable due to its high 
moisture content (60–80%) [14]. Therefore, drying pomace 
could be necessary before being processed to extract biocom-
pounds [15]. Also, drying produces ruptures and destruction of 
the cell wall and, consequently, larger pores that could improve 
the extraction of pectin [16]. Monsoor [17] studied the effect 
of the drying method on the functional properties of soy hull 
pectin, and the highest extraction yield was achieved when 
drying was carried out by convective drying and freeze-drying. 
Therefore, the dehydration of the grape pomace could have 
a double purpose: stabilization against deterioration and the 
increase in the extraction of pectin, and also these results could 
be influenced by the dehydration method used.

According to the International Organization of Vine 
and Wine, Chile is the sixth major producer and the fourth 
exporter of wine in the world [18]. In 2019, vineyard surface 
area in Chile exceeded 136 thousand ha, of which 26.4% cor-
respond to white varieties. The Chilean pisco industry covers 
9812 hectares of grape cultivation, of which 89% belong to 
the Coquimbo Region [19]. The grape variety Pedro Jimenez 
(Vitis vinifera l.) is the most cultivated for Pisco production 
in Chile, corresponding to 48% of the total strains culti-
vated for this purpose. The main residue of the pisco indus-
try as the winery industry is grape pomace. Approximately 
13,000 tons of grape pomace are generated per year in Chile 
(approximate calculation based on the grape harvested per 
hectare). It is principally used for compost and animal feed 
production. Also, the final disposal of grape pomace implies 
an additional cost for the pisco and wine industry; addition-
ally, its revaluation is minimal.

The literature shows that grape pomace could be an inter-
esting source of pectin, the little information on the effect 
of drying methods on the properties of pectin and, the need 
to revalue the by-products of the wine and pisco industry 
through the exploration of new alternatives. Therefore, the 
objective of this study was to evaluate the effect of four dry-
ing methods on the extraction yield, the physical–chemical 
properties, and the composition of the obtained pectin of 
pisco grape pomace.

Materials and methods

Raw material and reagents

Pisco grape pomace (PGP) was collected from the Pisco 
CCU S.A. processing plant in Ovalle city, Region Coquimbo, 
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Chile (latitude 30° 39′ 02.87′′ S and longitude 71° 19′ 19.40′′ 
W, 215 m altitude). It was composed of 95% Pedro Jimenez 
(Vitis vinifera L.) variety, 4.65% Muscat Rose (Vitis vinifera 
L.) variety, and 0.35% Muscat of Alexandria (Vitis vinifera 
L.) variety, harvested in autumn early. It was recently pressed 
in the moment of collection. On the collection day, grape 
pomace was packed in bags of 3 kg approx. and stored at 
− 20 °C for further processing.

Commercial pectin from citrus peel (Sigma-Aldrich, Co. 
(St. Louis, MO, USA)) with galacturonic ≥ 74.0% (dry basis) 
was used as reference. Galacturonic acid was purchased 
from Sigma-Aldrich, Co. (St. Louis, MO, USA). All other 
chemicals used in this study were analytical grade.

Drying methods

Frozen PGP was thawed in a cold room at 4 °C for 15 h 
before drying by four different methods. Convective dry-
ing (CD) was carried out for 8 h until constant weight in a 
convective dryer designed and built at the Food Engineering 
Department of Universidad de La Serena, Chile [20]. The 
air velocity was set at 1.5 m/s and the temperature at 50 °C. 
The pomace samples, around 400 g per tray, were spread 
homogeneously on two drying trays. The energy consump-
tion of the CD method was 126.94 kWh/kg.

Infrared radiation drying (IR) was carried out in an elec-
tric dryer oven with two infrared incandescent lamps of 
175 W (Philips, PAR38 IR 175 W E27 240 V CL 1CT/12, 
Amsterdam, Netherlands) designed and built in the Food 
Engineering Department of Universidad de La Serena [21]. 
The drying temperature was 50 °C. The tray was positioned 
at 0.25 m from infrared lamps. Batches of 150 g of grape 
pomace per tray were dried. The drying time was 5.5 h. The 
energy consumption of the IR method was 66.96 kWh/kg.

Freeze-drying (FD) was carried out in a freeze-dryer 
(VirTis Wizard 2.0 Advantage Plus XL-70, Gardiner, NY, 
USA.) for 65 h in two stages: primary drying with six ramps 
temperatures from -20 to 15 °C and the secondary drying 
at 20 °C. The condenser temperature and chamber vacuum 
pressure were fixed at − 55 °C and 0.027 kPa, respectively. 
The sample (400 g) was frozen at − 80 °C a day before the 
freeze-drying process. The energy consumption of the FD 
method was 357.5 kWh/kg.

Solar drying (SD) was carried out in a solar dryer 
designed and built in the Food Engineering Department of 
Universidad de La Serena and installed in Elqui Valley [21]. 
The solar drying has a copper plate as a collector to absorb 
incident solar radiation and a cover of a transparent glass 
sheet. The pomace sample (4 kg) was dried for 72 h.

Dried pomace was milled and sieved (< 0.75 mm) in a 
Cross Knives mill (Retch Cross SK 100 comfort, Hann, Ger-
many) to obtain powder of PGP.

Proximate composition analysis

Moisture content was determined by gravimetry with AOAC 
method No. 934.06. Crude protein content was determined 
using the Kjeldahl method with a conversion factor of 6.25 
(AOAC No. 960.52). Lipid content was analyzed by gravim-
etry using Soxhlet extraction (AOAC No. 960.39). Crude ash 
content was estimated by incineration in a muffle furnace at 
550 °C (AOAC No. 923.03). Carbohydrate was calculated 
by difference. All methodologies followed the methodology 
of the Association of Official Analytical Chemists (AOAC 
1990). The water activity (aw) was measured at 25 °C using 
AQUA LAB equipment (4TE, Pullman, WA, USA). All meas-
urements were done in triplicate. The moisture content was 
expressed over a wet basis (w.b.). The result of protein, lipid, 
ash, and carbohydrate content was expressed over a dry matter 
basis (d.m.).

Pectin extraction

Pectin was extracted using a hot-acid extraction method 
modified from Geerkens et al. [22]. Distilled water adjusted 
with HCl to reach pH 1.5 was mixed with PGP powder (50 g 
in 300 mL). Hydrolysis was carried out at 50 °C with con-
stant stirring for 4 h using a magnetic stirrer MS-H280-Pro 
(Dragon Lab, Beijing, China). The solution first was filtered 
and pressed manually using a cloth strainer and then centrifu-
gated at 3220 g for 20 min in centrifuge 5810R (Eppendorf, 
Hamburg, Germany). The pH of the supernatant was adjusted 
at pH > 3 with NaOH, and then this solution was added to 
300 mL of ethanol precooling at − 20 °C to precipitate pec-
tin. It was left to stand overnight at − 20 °C and centrifuged 
at 3220 g for 20 min. The resulting pellet was lyophilized to 
obtain pectin of PGP. The pectin yield was calculated accord-
ing to Eq. (1).

Response surface methodology (RSM) was used to max-
imize the yield of pectin extraction from grape pomace. A 
central composite design (CCD) with two independent vari-
ables was employed. The variables studied were extraction 
time (A) in a range of 1 to 4 h and pH extraction (B) in a range 
of 1.5 to 4. The response variable to be optimized was the 
extraction yield (R1). The design consisted of 13 experiments 
with five replicates of the central point (2.5 h and pH 2.5) 
(Online Resource 1). A quadratic polynomial model was used 

(1)Pectin Yield = (Pectin(g)∕RawMaterial(g)) × 100%
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to process the results. For data processing, the Design Expert 
11 software was used.

Pectin characterization

Fourier transform infrared (FTIR) spectrometry

Pectin samples resulting from yield maximization by 
response surface were analyzed by FTIR to observe the 
effect of the evaluated conditions on the degree of esterifica-
tion (DE). FTIR analysis was performed on an infrared spec-
trophotometer SPECTRUM TWO (PerkinElmer, Massachu-
setts, USA). The spectra obtained adjusted the wavenumber 
between 4000 and 400 cm−1, 16 sweeps per sample, and the 
output was reported in percentage of transmittance vs. wave 
number. The effect on the DE was observed by comparing 
the intensity of the bands between 1740 and 1630 cm−1 cor-
responding to methyl-esterified and non-methyl-esterified 
carboxyl groups, respectively [23].

Degree of esterification (DE)

The degree of esterification (DE) was determined by a titri-
metric method as Bochek et al. [24] with modification. First, 
a pectin solution (0.5 g/100 mL) was titrated with NaOH 
0.1 N until pH 8.5; this volume was registered as V1. Then 
25 mL of NaOH 0.1 N was added, left to stand for 30 min, 
and neutralized with 25 ml of HCl 0.25 N. Finally, the solu-
tion was titrated with NaOH 0.1 N until pH 7.5. This second 
volume was registered as V2. The DE was calculated using 
Eq. (2).

Composition of pectin

Humidity and ash of pectin were determined by the same 
method of the proximate composition described in sec-
tion “Proximate composition analysis”. The protein content 
of pectin was determined using a Bradford method assay 
with bovine serum albumin as the standard [25]. Reducing 
ends of pectin was determined by the 3,5-dinitrosalicylic 
acid (DNS) assay for reducing sugar using galacturonic acid 
as standard. The galacturonic acid content was determined 
using the m-hydroxydiphenyl method [26].

Molecular weight distribution

The molecular weight distribution of pectin samples was 
measured by high-performance size exclusion chromatog-
raphy (HPSEC) using a JASCO LC-4000 HPLC System 

(2)DE(%) = (V2∕(V1 + V2)) × 100%

equipped with a refractive index detector (RID). The sys-
tem was run at 0.2 mL/min with an Acclaim SEC-1000 
(150 × 7.8 mm) analytical column (Thermo Scientific, 
USA) thermostated at 55 °C. The mobile phase was phos-
phate buffer (0.0177 M KH2P04 and 0.0079 M K2HP04) 
[27]. Kit Pullulan standards from Mp 342 Da to 708 kDa 
(PSS GmbH, Japan) were used as calibration standards. 
Each pectin sample was dissolved (20 mg/mL) in 100 mM 
acetate buffer, pH 4.5 at 50 °C. Before being injected, each 
sample was diluted (1:20) in the mobile phase and filtered 
(0.2 µm).

DPPH free radical scavenging assay

The antioxidant capacity of pectin samples was determined 
by the DPPH method described by Sun et al. [28], adapted to 
microplate assay. Each pectin sample was dissolved (5 mg/
mL) in distilled water at 50 °C overnight. Then dilutions 
were made (0.05; 0.15; 0.25; 0.5; 1.0; 1.5; 2.0; 3.0; 4.0 and 
5.0 mg/mL) in distilled water. 100 µL of ten different con-
centrations (0.05 to 5 mg/mL) of pectin solution was added 
to 100 µL of DPPH methanol solution (120 µM). The mix-
ture was kept in a dark place for 30 min, and then the absorb-
ance was determined at 517 nm in a Multilabel Plate Reader. 
The DPPH scavenging activity was calculated according to 
Eq. (3):

where Ablank is the absorbance of distilled water instead 
of pectin sample, Asample is the absorbance of the sample, 
and Acontrol is the absorbance of methanol instead of DPPH 
solution.

Oxygen radical absorbance capacity (ORAC) assay

The ORAC assay was carried out according to Zhang et al. 
[29] in an Infinite 200 PRO multimode reader (Tecan, Aus-
tria) using Trolox as an antioxidant standard. Pectin solution 
(20 mg/ml) was diluted 1:20. In a 96 well plate was added 
40 µl of each sample of pectin and 200 µl of fluorescein 
(100 nmol/L, prepared in phosphate buffer pH 7.4) and 
incubated for 20 min at 37 °C. Then, 30 µl of 2,2′-azobis-
2-amidinopropane (AAPH) 0.36 mol/L were added to start 
the reaction. Fluorescence was measured every minute until 
the reading had declined to less than 5% of the initial reading 
with an excitation wavelength of 485 nm and an emission 
wavelength of 535 nm. Antioxidant activity was expressed 
as Trolox equivalents (µmol TE/g d.m.) and was quantified 
by the areas under the kinetic fluorescein decay curve and 

(3)
DPPH radical scavenging activity (%) =

(

Ablank −
(

Asample − Acontrol

)

Ablank

)

,
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a calibration curve of Trolox (0–150 µM). Standards and 
samples were run in triplicate.

Statistical analysis

All experimental measurements were carried out in tripli-
cate, and the results were expressed as mean value ± stand-
ard deviation. Statistical analysis was performed using the 
analysis of variance (ANOVA) technique with a significance 
level (α) of 0.05 using the R language version 4.0.5 (https://​
cran.r-​proje​ct.​org/).

Results and discussion

Fresh and dehydrated grape pomace composition

The dehydration of grape pomace could be an important pro-
cess for its preservation and following processing since the 
total of the pomace is produced in a short period, so it would 
be difficult to process the total of this by-product before its 
decomposition. Therefore, pisco grape pomace (PGP) was 
dehydrated by four drying methods, convective drying (CD), 
infrared radiation drying (IR), freeze-drying (FD), and solar 
drying (SD). Each method has specific drying conditions 
according to the physicochemical principles that govern it 
[30]. Therefore, ideal drying conditions were established for 
each method that would allow reaching equilibrium mois-
ture in the shortest time without further compromising the 
properties of the grape pomace. In this way, the intention is 
to compare the complete drying strategy.

Fresh grape and dehydrated pomace samples were char-
acterized by proximate analysis, including moisture content, 
lipids, ash, protein, carbohydrate, and crude fiber (Table 1). 

The values comparison allows us to observe the effect of the 
different drying methods on these components.

PGP composed principally for Pedro Jimenez (Vitis 
vinifera L.) variety (95%) had a moisture content of 
54.43 g/100 g fresh weight and water activity of 0.969, 
this moisture content is lower than reported by González-
Centeno et al. [14] for pomace of four white grape varieties 
(62.80–72.20 g/100 g fresh pomace). The high humidity and 
water activity in the pomace contribute to the acceleration 
of its microbial decomposition. Furthermore, the production 
of a large volume of this by-product in a short time makes 
it necessary to seek stabilization strategies such as dehydra-
tion before extracting the compounds of interest [15]. The 
moisture content of PGP dehydrated by different methods 
is 3.30 g/100 g fresh weight (average value), and the water 
activity of all dried PGP is less than 0.400, which ensures 
they are microbiologically stable. SD reported the lowest 
moisture content (1.59 g/100 g w. b. and IR the highest 
(4.67 g/100 g w. b).

Total carbohydrate, calculated by difference with the 
other components and probably formed by cell wall pol-
ysaccharides, is the principal component excepting the 
water content (78.62 g/100 g d.m. on average). Among 
the dried grape pomace samples, IR reports the lowest 
content (77.50 g/100 g d.m.) and SD the highest content 
(79.11 g/100 g d.m.), which is the closest to the fresh sam-
ple (79.60 g/100 g d.m.). Despite the above, there are no 
statistically significant differences between PGP samples. 
Therefore, the grape pomace can be stabilized without dam-
aging the sugar content to be extracted. The high amount of 
carbohydrates in the pomace makes it an interesting source 
of sugars with high added value. Corbin et al. [10] reported 
that of the total carbohydrate content found in white grape 
pomace (Sauvignon Blanc), 70% are soluble carbohydrates 

Table 1   Effect of drying 
methods on proximate 
composition of pisco grape 
pomace

Values are expressed as mean ± standard deviation (SD). Control is a fresh grape pomace. The drying 
methods are convective drying (CD), infrared radiation drying (IR), freeze drying (FD), and solar drying 
(SD). Different letters in the same row indicate a statistically significant difference (p < 0.05)
A Expressed as g/100 g of fresh matter
B Calculated by difference
C Dimensionless

Parameters
[g/100 g d.m.]

Control CD IR FD SD

MoistureA 54.43 ± 0.94a 3.62 ± 0.10bc 4.67 ± 0.13b 3.33 ± 0.12c 1.59 ± 0.39d

Fat 2.74 ± 0.44c 7.32 ± 0.03b 8.36 ± 0.02a 8.01 ± 0.08a 8.01 ± 0.02c

Ash 7.47 ± 0.22a 5.68 ± 0.12b 5.85 ± 0.23b 5.59 ± 0.13b 5.36 ± 0.30b

Crude protein 10.06 ± 0.40a 8.41 ± 0.01b 8.28 ± 0.04b 8.13 ± 0.02b 7.52 ± 0.05c

Total carbohydrates B 79.60 ± 2.90a 78.59 ± 0.08a 77.50 ± 0.39a 78.28 ± 0.13a 79.11 ± 0.15a

Crude fiber 23.48 ± 1.03a 19.65 ± 2.06b 23.27 ± 0.78ab 20.40 ± 0.34b 21.88 ± 0.65ab

Water activity C 0.969 ± 0.002a 0.335 ± 0.005c 0.384 ± 0.009b 0.218 ± 0.008d 0.224 ± 0.006d

https://cran.r-project.org/
https://cran.r-project.org/
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in an aqueous medium, and of the total of this aqueous frac-
tion, 4% are soluble pectin.

The lipid content of dried samples (mean 7.92 g/100 g 
d.m.) was almost three times higher than the content in the 
fresh sample (2.74 g/100 g d.m.). The above was expected 
because seeds increase their contact surface during grind-
ing of the dehydrated samples, which helps to release a 
higher lipid content during soxhlet extraction. The protein 
content in the dry pomace samples (average 8.08 g/100 g 
d.m) decreases compared to the fresh pomace (10.06 g/100 g 
d.m.). This decrease occurred probably because, during dry-
ing, degradation reactions such as Maillard reactions occur 
with increased temperature, so reducing sugars react with 
amino groups reducing protein content. The ash content 
decreased compared to the control, and there was no signifi-
cant difference between the different drying methods. Grape 
pomace is a complex matrix composed of skin, seed, and 
stalks of grape. Therefore, the proportion composition of the 
sample could cause variability in ash determination. As the 
drying and ground process helps to homogenate the sample, 
the variability in ash content of drying samples reduce. In 
general, the values reported in this work for the composition 
of grape pomace are within the range of values reported by 
González-Centeno et al. [14] for the pomace of four varie-
ties of white grape (Chardonnay, Macabeu, Parellada, and 
Premsal B).

Determination of the extraction conditions of pectin 
from fresh grape pomace

Response surface methodology (RMS) and central compos-
ite design (CCD) were used to maximize the yield extraction 
of pectin from fresh grape pomace. Therefore, the effects of 
extraction time (A) and pH (B) on yield extraction of pec-
tin were studied. The results of 13 runs, including design, 
observed, and predicted response, are shown in Online 
Resource 1. The analysis of variance ANOVA of the sec-
ond-order polynomial model is shown in Online Resource 2. 
High F-value and p-value lower (α < 0.05) indicate that the 
model is significant, and the terms with significant influence 
over yield are the relation between pH and time (AB) and 
quadratic term of time (B2). The R2 (coefficient of determi-
nation) value was 0.7609, and the adequate precision was 
above 4, indicating that the model could be used to navigate 
the design space. The model with significant terms is shown 
in Eq. (4).

The result showed that the yield of extracted pectin 
ranged from 1.23 to 3.05%, reaching the maximum value 
(3.05%) at pH 1.5 and 4 h. The relationship between depend-
ent and independent variables is represented in 3D plots of 

(4)Yield = 1.77 − 0.4921AB + 0.3141B2

response surfaces (Fig. 1). As can be seen, when extract-
ing at pH 2.5 and 1.5, increasing extraction time results in 
increased yield extraction. Still, when extracting at pH 4, 
the rise of time extraction decreases yield extraction. For 
its part, pH has a quadratic effect on pectin extraction yield. 
For example, when extracting for 2 h and varying pH from 
4 to 2.5, yield extraction decreased from 2.24 to 1.80%; but 
while pH continued decreasing to 1.5, the yield extraction 
increased to 2.49. Therefore, the extraction yield depends on 
the interaction between extraction time and pH. Besides, it 
was observed that the highest extraction yield was achieved 
with long times and low extraction pH. Colodel et al. [13] 
studied the effect of extraction time, pH, and the solid–liq-
uid ratio on the acid extraction yield of pectin from white 
grape pomace (Chardonnay). They reported that low pH and 
long extraction times increase the extraction yield. Minjares-
Fuentes et al. [12] also investigated the effect of pH and 
time extraction on the ultrasound-assisted extraction of 
pectin from red grape pomace (Cabernet Sauvignon). They 
observed that the yield increases with the time extraction 
and decreases when pH decreases from 2 to 1.5 but then 
increases when pH decreases from 1.5 to 1. It is possible that 
other variables such as extraction temperature also influence 
performance, but at temperatures above 50 °C other PGP 
compounds, such as starch, could be extracted [5]. There-
fore, in this work, the temperature of 50 °C was used to 
improve the selectivity of the extraction. The differences in 
extraction yield obtained in this work, compared to other 
reports [13], can be explained by differences in cultivar vari-
ation, harvest time, production procedures, and extraction 
method [9–11].

Fig. 1   Response surface and contour plots showing effects of time 
and pH on yield extraction of pectin from pisco grape pomace (Color 
figure online)
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The degree of esterification (DE) is an important 
parameter to classify pectin due to its commercial use as 
a gelling agent. The DE of pectin is defined as the per-
centage of esterified galacturonic acid units of the total 
number of units of the molecule, which defines the clas-
sification of pectin as high methoxy when the DE > 50% 
or of low methoxy if DE < 50% [31]. The FTIR analysis 
was applied to pectin extracted from fresh grape pomace to 
estimate the effect of the variation of time and pH extrac-
tion on the DE (Fig. 2). According to Monsoor [17], the 
region between 2000 and 1000 cm−1 represents the most 
important functional groups in pectin, so this region is 
used to compare the degree of esterification. The peaks 
at 1740 and 1630 cm−1 or in nearby wavenumbers could 
represent the esterified and free carboxyl groups, respec-
tively. Therefore, the DE could be estimated by a rela-
tionship of intensity from these peaks [17, 23, 32, 33]. 

Two types of behavior were observed in the different 
pectin samples analyzed, one where the band at 1630 is 
the smaller and another where the band at 1740 is the 
smaller (Fig. 2), which could be interpreted as pectin with 
a greater and lesser degree of esterification, respectively. 
Figure 2a shows the infrared spectrum of two pectin sam-
ples extracted at the same pH and different times, 2.5 and 
4 h. As can be seen, the intensity of the peak at 1630 cm−1 
is bigger than 1740 cm−1 of two spectrums in a similar 
proportion; therefore, probably the time extraction can-
not influence DE. On the other hand, Fig. 2b shows the 
infrared spectrum of three pectin samples extracted at the 
same extraction time and different pH, 1.5, 2.5, and 4.0. 
The spectrum of pectin extracted at pH 2.5 and 4.0 are 
too similar; the peaks at 1630 are bigger than 1740 in 
similar proportions, but the spectrum of pectin extracted 
at pH 1.5 showed that the peak at 1740 is bigger than 1630. 

Fig. 2   FTIR spectrum of pectin 
extracted from fresh pisco grape 
pomace. a Variation of time 
extraction at the same pH 2.5. 
b Variation of pH extraction at 
the same time extraction (2.5 h) 
(Color figure online)
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Therefore, pH less than two probably influences on DE of 
pectin from grape pomace [12].

As the extraction yield and DE increased at a longer time 
and low pH, the condition selected for extracted pectin from 
pisco grape pomace was at pH 1.5 for four h at 50 °C with 
stirring.

Influence of dehydration methods on pectin 
extraction

Pectin was extracted from dry grape pomace to evaluate 
the effect of the dehydration methods applied as pretreat-
ment on the characteristics of pectin. The extraction method 
optimized previously was used. Pectin extracted from fresh 
matter (PF) and commercial pectin from the citrus peel (CP) 
were used as a control to compare the pectin extracted from 
PGP dried by convective drying (PCD), infrared drying 
(PIR), freeze-drying (PFD), and solar drying (PSD).

The yield of pectin extraction from pisco grape pomace 
varied between 2.58% and 3.02% (Table 2). The yields of 
PF, PFD, and PCD were significantly higher than PIR and 
PSD. The low yield for PIR and PSD could be attributed to 
the drying mechanism (radiation). Since the radiant energy 
is absorbed directly by the food, the surface layers dry faster 
than the rest of the food. It could produce a contraction of a 
fiber of the surface layer and difficult pectin extraction. As 
freeze-drying conserves the matrix structure, the extraction 
yield of PFD was the same as PF (there is no statistically 
significant difference). In this way, drying by radiation could 
affect pectin extraction.

Although PFD yield is slightly bigger than PCD yield, 
there is no statistically significant difference between them. 
Monsoor (2005) reported something similar; they obtain 
higher pectin extraction yields from freeze-dried and oven-
dried soybean hulls than spray-drying [17]. Therefore, CD 
and FD could contribute to extending the useful life of the 
pomace without significantly impairing the efficiency in the 
extraction of pectin.

Degree of esterification (DE) of pectin fractions

As was mentioned before, the degree of esterification influ-
ences the functional properties of pectin. High methoxy 
pectin (HMP) forms gels under high sugar concentration 
and low pH (≤ 3.5) conditions, whereas low methoxy pectin 
(LMP) forms gels in the presence of calcium [31]. All the 
pectins obtained from PGP are high methoxy pectin. The 
DE of pectin extracted from fresh grape pomace is 85.41%, 
similar to that measured for citrus pectin (Table 2). On the 
other hand, when the pisco grape pomace is dried, the DE 
significantly decreases, varying between 63.66 and 68.21% 
(Table 2). It has been reported that the enzyme pectin methy-
lesterase has more significant activity when the raw material 
is damaged by heating processes, bruising, chill or freeze 
[34]. Pectin methylesterase is present in most plant tissues 
and is responsible for releasing the methoxyl groups of the 
galacturonic acid chain of pectins. Thus, drying methods 
involving heating or freezing could promote pectin methyl-
esterase activity and reduce DE in pectins.

The PFD and PCD were the pectins with higher DE, 
68.21% and 67.16%, respectively. On the other hand, PSD 
(63.66%) and PIR (64.37%) were the lower DE pectins. Qin 
et al. reported something similar on pectin extracted from 
Chinese quince fruit, where it is seen that pectin obtained 
from sun-dried fruit has a lower DE than when freeze-drying 
is used [35].

Pectin composition

Moisture, ash, protein, and reducing sugar of pectin samples 
are shown in Table 2. Lipids were not detectable. In general, 
the moisture content of pectin extracted from dried PGP is 
lower than PF (6.63 g/100 g) and CP (6.77 g/100 g), proba-
bly because pectins with a higher DE tend to be more hygro-
scopic [36]. The average ash content of pectin extracted from 
dried PGP is 24.4 g/100 g d.m. and 4.7 times greater than 
CP (5.13 g/100 g d.m.). The difference could be due to the 

Table 2   Effect of drying methods on pectin properties and composition

Values are expressed as mean ± standard deviation (SD). CP is citrus pectin, and PF is pectin obtained from fresh pisco grape pomace. The dry-
ing methods are convective drying (PCD), infrared radiation drying (PIR), freeze drying (PFD), and solar drying (PSD). Gal A is a galacturonic 
acid. Different letters in the same row indicate a statistically significant difference (p < 0.05)

CP PF PCD PIR PFD PSD

Yield [%] – 3.02 ± 0.06a 2.94 ± 0.20a 2.58 ± 0.08b 3.02 ± 0.08a 2.58 ± 0.06b

Gal A [%] 77.30 ± 0.30a 37.30 ± 0.50b 28.40 ± 0.90c 23.30 ± 0.30e 22.90 ± 0.50e 26.20 ± 0.10d

DE [%] 92.11 ± 0.45a 85.41 ± 0.59b 67.16 ± 0.85c 64.37 ± 0.78d 68.21 ± 1.06c 63.66 ± 0.68d

Moisture [%] 6.77 ± 0.22a 6.63 ± 0.45a 4.51 ± 0.85b 5.96 ± 0.83ab 5.22 ± 0.36ab 4.77 ± 0.04b

Protein [%] 1.48 ± 0.08a 1.19 ± 0.12b 0.66 ± 0.00cd 0.81 ± 0.04c 1.06 ± 0.12b 0.51 ± 0.00d

Ash [%] 5.13 ± 0.35d 23.57 ± 2.01bc 28.49 ± 0.27a 25.89 ± 1.20ab 21.10 ± 3.94c 22.96 ± 2.31bc

Reducing sugar [%] 6.15 ± 0.22d 20.86 ± 0.75a 15.86 ± 0.39c 15.92 ± 0.31c 19.38 ± 0.89b 17.02 ± 0.06c
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use of NaOH to adjust pH before precipitation with ethanol 
during pectin extraction, as described in the methodology. 
This adjusted forming NaCl, which probably increases the 
ash content. The average protein content of pectin obtained 
from PGP (0.85 g/100 g d.m.) is lower than CP protein 
content (1.48 g/100 g d.m.). There is no significant differ-
ence between the protein content of PF and PFD (1.19 and 
1.06 g/100 g d.m., respectively). The freeze-dried method 
has a lower loss of soluble protein, probably because freeze-
dried occurs at low temperatures, and the denaturation of 
protein occurs at high temperatures, affecting the solubility 
of dried matter [37]. PSD showed the lowest protein content 
(0.51 g/100 g d.m.) probably because of the largest exposure 
to solar-dried (72 h) and low humidity, which means the high 
contractions of fiber because of water evaporation. Thus, 
drying methods that involve heating for a prolonged time, 
such as SD, could produce protein denaturation and reduce 
the protein content in pectins.

Estimating the reducing sugar content, by the DNS 
method, in unhydrolyzed pectin samples could be interest-
ing since it would only consider the sugars at the ends of 
the pectin and the branches. It could give us an idea of how 
branched the pectin is. The results show a higher reducing 
sugar content at the ends of the pectins obtained from PGP 
(17.808 g/100 g d.m.) than CP (6.15 g/100 g d.m.). This 
difference may be due to different raw materials sources, 
their composition, and their structure [31]. In this case, the 
pectin obtained from grape pomace could have more side 
chains of different sugars. Pectin obtained from dried PGP 
has a lower reducing sugar content than PF, perhaps because 
while drying, the reaction between reducing sugars with an 
amine, the Maillard reaction, is accelerated by temperature. 
PCD and PIR reported the lowest values of the reducing 
sugar content, probably because these drying methods were 
developed at a high temperature (50 °C) which accelerated 
the Maillard reaction. On the other hand, PFD reported the 
content of reducing sugars closer to PF, probably because 
freeze-drying was developed at low temperatures, so Maillar 
reactions are less likely to occur. Therefore, drying methods 
involving high heating temperatures, such as CD and IR, 
could accelerate the Maillard reaction, reducing protein and 
sugar content in pectins.

Galacturonic acid content

The galacturonic acid content (GalA) of pectin fractions was 
measured by a colorimetric method after total hydrolysis 
with H2SO4 (m-hydroxydiphenyl method). The result var-
ied between 22.9 and 37.3% (Table 2). The GalA of pectin 
from fresh PGP (37.3%) is lower than CP (77.3%). This dif-
ference may be due to the source from which the pectin 
was obtained [38]. Also, the extraction method could affect 
the GalA content. Colodel et al. [13] reported that time, pH 

extraction, and the liquid–solid ratio could affect the content 
of uronic acids in pectins obtained from grape pomace of 
the Chardonnay strain. They optimized the pectin extraction 
method and obtained pectins with GalA content from 14.8 
to 62.3%. Another factor affecting galacturonic acid content 
is the different processes the raw material undergoes before 
being a by-product. In this work, grape pomace from the 
Pisco industry was used, where pectinases are used during 
grape fermentation to increase carbohydrates’ availability, 
which could fractionate the pectins before their extrac-
tion. Although the galacturonic acid content of the pectins 
obtained is less than that required for their commercial use, 
other authors reported that pectins with a low galacturonic 
acid content still have valuable rheological properties in gel 
additives [38] and interesting bioactive properties, such as 
antioxidant capacities [39].

The GalA of the pectins from dry pomace is lower than 
PF, and this is contrary to that reported by Qin et al. [35], 
where the pectin extracted from Chinese quince fruits dehy-
drated by lyophilization had a higher GalA (76.41%) than 
the pectin obtained from fresh fruit (37.07%). Qin et al. 
[35] mention that the pectin extracted from the lyophilized 
fruit presents a lower proportion of the Ramnogalacturo-
nan-I region (chains of galacturonic acid interspersed with 
branched rhamnoses with galactose and arabinose chains) 
compared to the pectin obtained from fresh pomace, 23.14% 
and 46.12%, respectively. Therefore, the pectins obtained 
from dry grape pomace may be composed of a more signifi-
cant proportion of the branched region, which would affect 
the content of galacturonic acid. In this sense, PCD was the 
highest galacturonic acid content among the pectins obtained 
from pretreated pomace but the lowest sugar reducing con-
tent. On the contrary, PFD was the lowest GalA content and 
the highest sugar reducing content.

Therefore, GalA content in pectins obtained could be 
principally affected by the source of raw matter and the 
conditions of extraction methods. Nevertheless, drying as 
a pretreatment of the raw matter could affect the GalA con-
tent. As mentioned before, drying methods that involve high 
temperatures, such as CD, could decrease sugar reducing 
content and, indirectly, increase the available GalA content 
when measured.

Molecular weight

The molecular weight distribution of pectin samples was 
measured by Size Exclusion Chromatographic (SEC) 
(Table 3). All pectin samples from PGP present four peaks, 
and CP two peaks. The common peak between PGP pec-
tins and CP (< 342 Da) represents the acetate present in the 
dilution buffer. The high molecular weight peak (peak 1) of 
PF (58.9 KDa) was lower than CP (110.9 KDa). The differ-
ence between PGP pectin with CP could be attributed to the 
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different sources of raw material, the different extraction 
conditions, and the effect of the pectinolytic enzymes added 
during the elaboration of pisco, which hydrolyze the pectin 
on grape pomace. However, the size of PGP pectins was in 
the range of commercial pectin size, which varies from 50 to 
150 KDa [40]. Qin et al. [35] also obtained pectin with lower 
molecular weight than citrus and apple pectin, 70.4 KDa 
and 54.1 KDa for pectins obtained from freeze-dried and 
solar dried Chinese quince fruit, respectively. PCD reported 
the highest molecular weight (63.3 KDa), followed by PIR 
(60.2 KDa), and there is no statistically significant difference 
between both.

In the same way, there is no statistically significant dif-
ference between PSD and PFD, which reported the lowest 
molecular weight, 50.6 and 49.1 KDa, respectively. In pisco 
production, pectinases are added to grape pomace to hydro-
lyze pectin and improve sugar availability. In this sense, dry-
ing methods could affect the activity of residual pectinases 
and, therefore, the pectin size. The convective and infrared 
radiation dryings took less time than the other drying meth-
ods, so residual pectinases in pomace might have had less 
time to hydrolyze pectin, thus obtaining pectin fractions with 
higher molecular weight in PCD and PIR. Convective dry-
ing was the method that allowed us to get the pectin with 
the highest molecular weight and freeze-drying the pectin 
with the lowest molecular weight from pisco grape pomace.

Pectin antioxidant activity

All pectin samples were analyzed using DPPH radical scav-
enging assay (Fig. 3a) and ORAC assay (Fig. 3b). The DPPH 
method is an electron transfer-based assay that measures the 
antioxidant capacity, and ORAC is a hydrogen atom transfer-
based assay that determines the antioxidant activity [41].

For the DPPH assay, ten concentrations of each pectin 
sample between 0.05 and 5 mg/ml were evaluated to find the 
half-maximal inhibitory concentration (IC50). The highest 
DPPH radical scavenging (> 90%) was reached at 3 mg/ml 

for almost all pectin from PGP samples. As shown in Fig. 3a, 
most PGP pectins reached 50% of DPPH radical scavenging 
(IC50) with a concentration lower than 0,5 mg/ml, except 
PCD. The IC50 values (mg/mL) were 0.337 ± 0.05 for PF, 
0.372 ± 0.01 for PFD, 0.436 ± 0.02 for PIR, 0.496 ± 0.02 for 
PSD, and 0.616 ± 0.04 for PCD. In general, the IC50 values 
of the grape pomace pectins reported in the present work 
are lower than the citrus pectin sample, which reached a 
maximum of DPPH scavenging activity of 46% at a con-
centration of 4 mg/ml, and other studies [28, 42]. PF and 
PFD report the lowest IC50values, and there is no statistically 
significant difference (p < 0.05) between them. Qin et al. [35] 
studied the effect of different drying methods on the antioxi-
dant capacity of pectin obtained from Chinese quince fruit. 
They found that the pectin obtained from a fresh sample 
has the highest IC50 value and that the pectin obtained from 
the freeze-dried fruit has the lowest value, followed by the 
pectin obtained from the fruit dehydrated by solar drying. 
The previously could mean the effect of drying methods on 
the IC50 varies according to the source of pectin.

As mentioned before, pectin′s antioxidant activity 
from PGP was measured using the ORAC assay (Fig. 3b). 
High antioxidant activity was found in PF of 9413 µmol 
TE/100 g dm. A similar value was reported in the Chilean 
grape variety Black Seedless (9832 µmol TE/100 g dm) 
in the Portal Antioxidante database (www.​porta​lanti​oxida​
ntes.​com; consulted on October 3, 2020). The antioxidant 
capacity of pectin decreases in the same way as reduc-
ing sugars under different drying methods, as shown in 
the figure in Online Resource 3. In this sense, this work 
found a high correlation (R = 0.98) between total antioxi-
dant capacity and reducing sugar. This correlation could 
mean that reducing sugars at the ends and branches of pec-
tin reduces free radical molecules, which is probably the 
cause of the antioxidant activity in pectin [43]. As men-
tioned above, the drying methods evaluated as pretreatment 
affect the reducing sugar content in the pectin, possibly by 
the Maillard reaction; this probably also indirectly affects 

Table 3   Effect of drying methods on the molecular weight distribution of pectin

CP is citrus pectin, and PF is pectin obtained from fresh pisco grape pomace. The drying methods are convective drying (PCD), infrared radia-
tion drying (PIR), freeze-drying (PFD), and solar drying (PSD). The analysis was performed in triplicate. Different letters in the same row indi-
cate a statistically significant difference (p < 0.05)

Pectins Peak 1 Peak 2 Peak 3 Peak 4

Mw [Da] Area % Mw [Da] Area % Mw [Da] Area % Mw [Da] Area %

CP 110.861 ± 2081a 41.972 ± 1.089a – – – –  < 342 58.028 ± 1.089d

PF 58.878 ± 238c 0.658 ± 0.433d 8326 ± 0b 0.513 ± 0.310a 540 ± 4c 12.533 ± 0.600bc  < 342 86.296 ± 1.778b

PCD 63.322 ± 1524b 1.669 ± 0.543d 9822 ± 191a 0.530 ± 0.370a 629 ± 16a 4.592 ± 0.331d  < 342 93.209 ± 1.121a

PIR 60.221 ± 476bc 2.790 ± 0.300cd 9744 ± 181a 0.756 ± 0.262a 579 ± 7b 11.247 ± 0.711c  < 342 85.207 ± 1.010b

PFD 49.111 ± 446d 5.870 ± 0.264b 9822 ± 47a 1.209 ± 1.193a 529 ± 0c 14.054 ± 1.465ab  < 342 78.902 ± 2.837c

PSD 50.600 ± 3332d 3.589 ± 0.656c 9513 ± 23a 0.777 ± 0.684a 440 ± 0d 16.093 ± 0.592a  < 342 79.594 ± 1.750c

http://www.portalantioxidantes.com
http://www.portalantioxidantes.com
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the total antioxidant capacity. Among the pectins obtained 
from dehydrated PGP, PCD reported the lowest antioxi-
dant activity (4171 µmol TE/100 g dm) and PFD the high-
est (7238 µmol TE/100 g dm). In this sense, freeze-drying 
could be the appropriate pretreatment to obtain pectins with 
greater antioxidant capacity from pisco grape pomace.

Conclusion

In this work, pectin samples obtained from pisco grape pom-
ace (PGP) dehydrated by different methods: PCD (convec-
tive drying), PIR (infrared drying), PFD (freeze-drying), 
and PSD (solar drying), were analyzed to evaluate the effect 
of pretreatment on the extraction yield, physicochemical 
properties, and antioxidant activity. Also, acid extraction of 

pectin from fresh pisco grape (PF) was optimized to obtain 
a higher extraction yield. The results showed that the pectin 
obtained from grape pomace of the Pedro Jimenez (Vitis 
vinifera L.) variety has different physical–chemical charac-
teristics to those found in citric pectin and reported for grape 
pomace of other grape varieties. In addition, the different 
drying methods used for pretreatment of the grape pomace 
and the acid extraction conditions also influenced the prop-
erties and characteristics of the pectin. The degree of esteri-
fication (DE) of the pectins showed a noticeable decrease 
due to the dehydration of the raw material. Despite this, all 
pectins obtained from grape pomace were high methoxyl 
pectins. Also, PFD had the highest DPPH radical scavenging 
activity and ORAC radical absorbance capacity among pec-
tin samples obtained from dehydrated PGP. Furthermore, all 
drying methods reduced the antioxidant capacity of pectin 

Fig. 3   Antioxidant activity of 
pectin extracted from pisco 
grape pomace drying by differ-
ent methods. a DPPH radical 
scavenging activity. b ORAC 
radical absorbance capacity. CP 
is commercial pectin, and PF 
is pectin obtained from fresh 
pisco grape pomace. The drying 
methods are convective drying 
(CD), infrared radiation drying 
(IR), freeze-drying (FD), and 
solar drying (SD). Different 
letters indicate a statistically 
significant difference (p < 0.05) 
(Color figure online)
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in the same way that they reduced the content of reducing 
sugars, finding a high correlation (R = 0.98) between anti-
oxidant capacity and reducing sugars. It is possible that the 
pectins obtained in this work present a more branched struc-
ture than citrus pectins. Future studies are needed to charac-
terize the structure and composition of pisco grape pomace 
pectin. Finally, this work presents an interesting option for 
the revaluation of pisco grape pomace, which is currently 
used to elaborate compost and as animal feed, sub-products 
of low added value.
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