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ABSTRACT 

 

Hydrolysis of the cell wall components of grape pomace by hydrolytic enzymes may be an alternative for the 

recovery of conjugated bioactive compounds from a matrix. In this sense, a pool of enzymes was produced 

by solid-state fermentation (SSF) using wheat bran as a standard medium and a mixture of grape pomace and 

wheat bran as substrate. The aim of this work was apply the principal component analysis (PCA) to evaluate 

the activity of the enzymes produced and the release of bioactive compounds. The enzymes synthesized with 

the addition of grape pomace were more efficient in the extraction of compounds with higher 

proanthocyanidins content and higher antioxidant potential. A significant correlation between the bioactive 

compounds and the enzymes activity was observed. 
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1. INTRODUCTION  

Grape pomace is the main residue of wine production consisting of skins, stalks and seeds. This co-

product is highly rich in phenolic compounds, mainly proanthocyanidins, anthocyanins, flavonols, stilbenes 

and phenolic acids that are associated with several human health benefits with antioxidant potential. 

However, phenolic compounds may have strong connections with the cell wall of the plant, which may 

hinder their recovery through conventional extraction methodologies (Pinelo, et al., 2006). Many researches 

has studied the application of hydrolytic enzymes for release these compounds (Puri et al., 2012; Xu et al., 

2014).  

The use of solid-state fermentation may be a good alternative to obtain these enzymes. However, in 

this process several enzymes responsible for the hydrolysis of the lignocellulosic biomass are secreted. 

Therefore, most authors use several steps to purify the enzymatic pool until obtaining the enzyme of interest 

for the release of bioactive compounds from plants. However, the hydrolysis of the polysaccharides of the 

plant cell wall requires the action of several enzymes (Brijwani et al., 2010; Martins et al., 2016).  

In this study, the use of solid-state fermentation of grape pomace and wheat bran was used for the 

induction of the synthesis of an enzymatic pool with potential for the extraction of bioactive compounds 

from grape pomace. In addition, the correlation between the activity of the enzymes present in the pool and 
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the phenolic compounds released was evaluated using the principal component analysis. 

 

2. MATERIAL AND METHODS  

2.1. Raw material  

The grape pomace of variety Alicante bouschet from red wine production was provided by Rio Sol 

winery (Lagoa Grande, PE, Brazil) and wheat bran was supplied by Bunge Alimentos S.A. (Rio de Janeiro, 

Brazil). The experiments were carried out at Embrapa Food Agroindustry.  

2.2. Fermentative processes 

A mutant strain Aspegillus niger 3T5B8 was used for hydrolytic enzymes production by solid-state 

fermentation on two substrates – one containing a mixture of wheat bran and grape pomace (1:1) (mixed 

medium) and other containing only wheat bran (standard medium) - over time (24, 48, 72 and 96 hours). The 

experiments were carried out in Erlenmeyers flasks containing 10 g of substrate adjusted to a moisture of 

60% (with the addition of 0.91% (w/v) ammonium sulfate solution) in a chamber at 32°C.  

The enzymatic pool was recovered from the fermentation medium according to the methodology 

described by Couri et al. (2000). 

2.3. Enzymatic activity 

The activity of the enzymes xylanase, Carboximetilcellulase (CMCase), β-glucosidase, 

polygalacturonase and tannase were determined according to the methodology proposed by Miller (1959), 

IUPAC method and expressed in international units (Ghose et al., 1987), Couri & Farias (1995) and Sharma 

et al. (2000), respectively.  

2.4. Extraction of bioactive compounds 

The enzyme-assisted extraction was conducted using 0.5 g of grape pomace and 4 mL of sodium 

acetate buffer (0.02 M, pH 5.0) incubated with 0,555 mL (aliquot based on previous laboratory studies) of 

enzymatic pool at 50°C for 2 hours (adapted from Xu et al., 2014). The calculation of the activity used was 

performed based on the aliquot taken of the enzymatic pool from the SSF and the corresponding activity 

observed in the fermentation process. 

2.5. Bioactive compounds and antioxidant capacity 

Total phenolic compounds, total anthocyanins, proanthocyanidins, ABTS+ cationic radical 

scavenging activity and Oxygen Radical Absorbance Capacity (ORAC) were determined by Folin-

Ciocalteu’s according to Singleton & Rossi (1965), pH differential methodology (Giusti & Wrolstad, 2001), 

vanillin acidified method (Broadhurst & Jones, 1978), ABTS+ antiradical activity (Re et al., 1999) and 

ORAC assay (Zulueta et al., 2009), respectively. 
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3. RESULTS AND DISCUSSION  

3.1. Enzymatic activity and extraction of bioactive compounds 

The enzymatic pool used for extraction bioactive compounds from grape pomace, presented different 

activities profiles according to the fermentation medium used and to fermentation time (Table 1).  Standard 

medium favored xylanase (31 IU mL-1 at 48 hours) and polygalacturonase (22 IU mL-1 at 24 hours) 

activities, while β-glucosidase (25 IU mL-1 at 96 hours) and tannase (0.21 IU mL-1 at 48 hours) activities 

was observed in higher levels in the Mixed Medium. 

Table 1. Enzymatic activities of the different pool used for release of bioactive compounds from grape 

pomace. 

 

Time 

(hours) 

Xilanase 

activity  

(IU mL-1) 

CMCase  

activity  

(IU mL-1) 

Polygalacturonase 

activity  

(IU mL-1) 

β-glucosidase 

activity  

(IU mL-1) 

Tannase 

activity 

(IU mL-1) 

24 MD 9 1 4 6 0.08 

48 MD 11 3 5 24 0.09 

72 MD 5 4 4 20 0.07 

96 MD 6 5 13 25 0.21 

24 SM 30 2 22 6 0.09 

48 SM 31 3 17 15 0.02 

72 SM 21 4 21 19 0.02 

96 SM 22 4 19 23 0.01 

MD. mixed medium. SM. Standard medium. 

 

Xu et al (2014) used similar values of β-glucosidic activity (25 IU mL-1) and polygalacturonase 

activity (7 IU mL-1) for hydrolysis and recovery of bioactive compounds from grape pomace using 

commercial enzyme. 

According  to Table 2, the enzymatic pool produced at 96 hours by SSF were more efficient for the 

extraction of bioactive compounds with antioxidant potential, except for anthocyanins and ORAC 

antioxidant capacity, which had higher quantifications in 24 hours (presenting degradation over the time) and 

72 hours (MD), respectively. 

According to Arnous & Meyer (2010), anthocyanins are susceptible to enzymatic hydrolysis and can 

be degraded, mainly by the action of β-glycosidase, which catalyzes the deglycosylation of anthocyanins in 

aglycones. 

The values of total anthocyanins was higher than those found by Xu et al. (2014)(1.6 mg Cyn.100g-

1). Total phenolic compounds and proanthocyanidins were higher than those reported by Martins et al. 

(2016)(60 mg GAE.100g-1 and 0.131 g CE.100g-1, respectively). However, the antioxidant capacity (ORAC) 

obtained by these authors was higher (approximately 400 µmol TE.g-1).   
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Table 2. Bioactive compounds and antioxidant capacity in extracts obtained for extraction enzyme-assisted. 

 

Sample TP (mg 

GAE.100g-1) 

PAs  

(g CE.100g-1) 

TA 

(mg Cyn.100g-1) 

ABTS+  

(µmol TE.g-1) 

ORAC  

(µmol TE.g-1) 

Control 506.09 ± 3.32e 2.60 ± 0.04d 29.00 ± 0.32b 36.65 ± 0.09b 127.85 ± 9.49e 

24 MD 719.90 ± 3.35c 3.27 ± 0.04c 34.93 ± 0.36a 39.09 ± 0.71b 163.09 ± 3.28c 

48 MD 733.80 ± 7.31c 5.49 ± 0.01a 17.36 ± 0.55c 18.66 ± 0.34c 173.24 ± 3.59b 

72 MD 670.96 ± 3.33d 5.30 ± 0.02a 12.61 ± 0.75d 13.68 ± 0.25c 192.33 ± 12.80a 

96 MD 910.56 ± 2.22a 5.76 ± 0.02a 11.57 ± 0.01d 52.14 ± 0.83a 161.95 ± 16.80c 

24 SM 847.02 ± 7.84b 2.27 ± 0.01d 34.45 ± 1.21a 36.75 ± 0.18b 175.84 ± 3.11b 

48 SM 909.98 ± 4.45a 3.59 ± 0.01c 12.68 ± 0.66d 34.00 ± 0.63b 158.27 ± 0.84c 

72 SM 747.57 ± 5.58c 4.35 ± 0.01b 8.47 ± 0.36d 32.86 ± 0.16b 140.73 ± 5.78d 

96 SM 923.43 ± 2.17a 4.77 ± 0.04b  7.51 ± 0.24d 36.90 ± 0.03b 172.54 ± 2.95b 

Control. Control without enzyme addition; TP. phenolic compounds; AT. Total anthocyanins. Different lowercase letters in the same column indicates statistical 

differences (p< 0.05) through in the quantification of the compound released by the enzymatic cocktail produced by SSF over time. 

These differences in the values of bioactive compounds and antioxidant capacity may be related to 

the grape variety, extraction time and loss of compounds responsible for the antioxidant potential Lafka et al. 

(2007). 

3.2. Principal component analysis 

The PCA was performed to evaluate the correlation between enzymatic pool activity obtained over time 

by SSF and the quantification of bioactive compounds and antioxidant capacity (Figure 1). The two principal 

components explain 73.17% of the total variance in the data evaluated (51.0% to PC1 and 22.17% to PC2). 

(a)                                                                      (b) 

 

Figure 1 – Two principal components analysis of enzymatic activity and bioactive compounds. Left and 

right are the variables and samples maps respectively. MD: Mixed Medium and SM, Standard Medium 

(Fig.3a and b). Xyl: xylanase, CMC: carboxymethilcellulase, Poly: polygalacturonase, Beta.gluc: β-

glucosidase, Tas: tannase, Phe: phenolics, PAs: proanthocyanidins, Anth: anthocyannins. 
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The activities of the enzymes xylanase, CMCase and polygalacturonase showed a strong correlation 

with total phenolic compounds and β-glucosidase and tannase a moderate correlation with the 

proanthocyanidins and phenolic compounds. The anthocyanin content showed a negative correlation with the 

other parameters, being located on the opposite vector. All variables were well explained by the PCA, with 

the exception of the activity of the antioxidant capacity by ABTS and ORAC. 

These results can be visualized in Figure 2, through the Pearson correlation, according to which the 

activity of enzymes xylanase, CMCase, polygalacturonase and β-glucosidase demonstrated high correlation 

with total phenolic compounds content. This result is in agreement with the study carried out by Kessy et al. 

(2018)), which obtained high concentrations of phenolic compounds from litchi pericarp extracts using 

polygalacturonase, cellulase, pectinase and β-glucosidase. Therefore, demonstrating the efficiency of these 

enzymes in the release of these compounds. 

According to Figure 2 the correlations between the activities of the enzymes and the bioactive 

compounds extracted from the grape pomace confirm the dependence between the responses suggested by 

the PCA. According to Mukaka (2012), the activities of xylanase vs CMCase and polygalacturonase 

enzymes showed very high correlations with r values of 0.72 and 0.91, respectively; CMCase vs 

polygalacturonase and β-glycosidase, with r = 0.83 and 0.76, respectively (both with strong correlations), and 

β-glycosidase vs tannase, r = 0.69 (moderate correlation), indicating a synergism between these enzymes, as 

also described by Singhania et al. (2013). The synthesis of these enzymes by Aspergillus niger during the 

SSF of the lignocellulosic complex matrix may explain this synergism (Krogh et al., 2004).  

 
Figure 2 – Correlogram between enzyme activity (MD and SM) and bioactive compounds from grape 

pomace extracts. Xyl: xylanase, CMC: carboxymethilcellulase, Poly: polygalacturonase, β-gluc: β-

glucosidase, Tas: tannase, Phe: phenolics, PAs: proanthocyanidins, Anth: anthocyannins. *** p<0.0001, ** 

p<0.001, *p<0.01,  p<0.05. 

 

In relation to the bioactive compounds, a high correlation was found between the enzymatic 

activities of xylanase, CMCase, polygalacturonase and total phenolic compounds (Figure 4), with r values of 

0.74, 0.80 and 0.81, respectively. This correlation was lower for β-glucosidase activity (r = 0.67). Singhania 

et al. (2013), reported results that demonstrated the action of these enzymes through the study of the release 
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of phenolic compounds from extracts of grape skin and lychee pericarp using polygalacturonase, cellulase, 

pectinase and β-glycosidase, respectively. According to Zhang & Sang (2015), the high activity of xylanase 

is related to the hydrolysis of the hemicellulose present in the cell wall of the plants, which facilitates the 

release of the bound phenolic compounds. 

Although β-glycosidase evidenced a lower correlation with total phenolic compounds, it showed a 

higher correlation with the proanthocyanidins content in the extracts (r = 0.77), demonstrating that it was 

involved in the release of this compound. Previous studies Martins et al. (2017) also reported this 

relationship during extraction of phenolic compounds from grape pomace. 

A strong negative correlation between CMCase and β-glycosidase enzymes was observed in relation 

to anthocyanin content (r values were -0.82 and -0.85, respectively). This result can be explained since these 

enzymes catalyze the breakdown of glycosidic binding of anthocyanins (Yuan et al., 2016). 

From the results, it is possible to observe that the highest enzymatic activity was found for xylanase, 

the highest correlation occurred between the polygalacturonase, and the phenolic compound content, 

demonstrating that possibly the activity of the enzymes was not necessarily proportional to the release of the 

bioactive compounds of grape pomace. Moreover, even with low activity, the enzyme tannase showed a 

good correlation with proanthocyanidin content. 

 

4. CONCLUSIONS  

 The substrates for SSF promoted the synthesis of enzymes with high activity and, consequently, the 

ability to release the bioactive compounds from the grape pomace, mainly from the enzymatic pool produced 

after 96 hours of SSF. This result was confirmed by the strong correlation between the enzymes and the 

released compounds, suggesting the use of enzymatic complexes without the need for enzymatic purification 

as an efficient alternative for the release of bioactive compounds from grape pomace. 
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