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value products from organic residues

Introduction

Grapes (Vitis spp), the fruit of the grape vine, are 
among the most ancient foods known to mankind 
with more than 10,000 varieties worldwide. Brazil 
currently produces approximately 1.2 million tons 
of grapes per year, of which 45% is transformed 
into wine and juices and jellies, and 20% is waste 
byproduct. Grape bagasse, a solid waste retrieved 
from grape processing, comprises the solid parts 
of the grapes as well as the must, which is rich 

in sugars, proteins and unsaturated fatty acids 
(Perestrelo et al., 2012).

The transformation of grape bagasse into flour 
may be a viable alternative for the reutilization of 
the byproduct (Sáyago-Ayerdi et al., 2009), which 
may be used in the production of hamburgers and 
sausages (Özvural and Vural, 2011) and inserted 
into yogurts (Coda et al., 2012) and salad dress-
ings (Tseng and Zhao, 2013). Grape bagasse flour 
contains high amounts of flavonoids, which are 
excellent antioxidants that reduce free radicals and 
prevent degenerative diseases.
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A study by Perestrelo et al. (2012) has described 
the phenolic profile of different grape varieties as 
being characterized by 40 phenolic compounds. 
That study contributed towards the valorization 
of the fruit as a source of bioactive substances. 
The authors revealed that natural and processed 
grapes are an important source of biologically 
active compounds and are highly beneficial to 
health. Additionally, not only do these grapes 
have antioxidant potential but they also have an-
tiallergenic, antiarteriogenic, anti-inflammatory, 
antimicrobial and antithrombosis pharmacologi-
cal traits as well as heart-protecting properties.

Although Vitis labrusca, one of the cultivars 
produced in Brazil, is known for its hardiness and 
resistance to fungal diseases, agrochemicals have 
been applied to the vine due to climate oscillations 
and to its vulnerability to biological onslaughts. 
Continuous application of agrochemicals may 
affect consumers´ health and well-being through 
the accumulation of products manufactured from 
copper (Bordeaux mixture) and of synthetic and 
organic fungicides in the soil (Perestrelo et al., 
2012). 

On the other hand, cultivation with organic 
manure has been recommended by Coda et al. 
(2012) as a sustainable alternative for the pos-
sible production of grapes without any chemical 
residues. Therefore, health risks to the consumer 
are largely decreased. Although no conclusive 
studies exist that prove the nutritional gains 
from organic food, consumers already associate 
consumption of organic foods with low exposure 
to agrochemicals and with better health.

The current study analyzes the nutritional and 
lipid quality of grape bagasse flour obtained 
by drying and retrieved from conventional and 
organic production. This study evaluates proxi-
mal composition, fatty acid profile, nutritional 
quality indexes of lipids and the presence of 
biologically active compounds in the two dif-
ferent flour types.

Material and methods

Samples

Vitis labrusca cv. ‘Concord’ grapes produced 
in two vineyards, each 10 years old using either 
conventional or organic systems, were used for 
the production of grape bagasse flour. The flour 
was from the 2011-2012 harvest in the Verê PR 
Brazil municipality. The vineyards were located 
in the same region. The conventional production 
vineyard had a 564 m altitude with a latitude 
of 25°54’01’’ S and longitude of 52º53’51’’ W, 
and the organic vineyard had an altitude of 492 
m, a latitude of 25°51’21’’ S and a longitude of 
52º55’06’’ W. The properties are within 5.3 km 
of each other and are therefore under similar 
climatic conditions.

The residue used in the production of grape flour 
was collected in a juice facility located in the same 
region as the vineyards. For the study, we used 
approximately 50 kg of grape residue (skins and 
seeds), which included 25 kg from the organic 
system and 25 kg from the conventional system.

The grape wastes were dried in an air muffle at 
60 ºC for 7 days. After cooling, the dry waste 
was ground in a food processor and sieved in 
20 – 50 mesh sieves at room temperature in the 
dark. Approximately 7.0 kg of flour from each 
mode of cultivation was vacuum packed and 
stored until analysis.

Preparation of extracts

The extracts were obtained by cold hydroalcoholic 
extraction. From each sample, 60 g of the extracts 
were homogenized in 60 mL of 80% ethanol 
(Merck, Darmstadt/Germany) in a mixer for 10 
min. After wards, the samples were centrifuged 
at 3500 rpm for 20 min. An additional 60 mL of 
80% ethanol was added to the precipitate to obtain 
a new extract. The new extract was mixed for 10 
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min and subsequently centrifuged for 20 min. 
The same procedure was repeated once more. 
All supernatants were pooled to create a single 
hydroalcoholic extract per sample. The extracts 
were kept at -18 °C until analysis.

Physical and chemical analyses

Percentage of moisture, ash, proteins, total lipids, 
carbohydrates and caloric. Moisture, ash and 
protein percentages were determined by method-
ologies following the AOAC (2008). Total lipids 
were calculated by gravimeter following Bligh 
and Dyer (1959). The carbohydrate percentage was 
obtained by calculating the difference between 
100% and the sum of protein, lipid, moisture and 
ash percentages (Instituto Adolpho Lutz, 2008), 
whereas calories were the sum of carbohydrate 
and protein percentages multiplied by four and 
the lipid percentages multiplied by nine accord-
ing to coefficients from Atwater (Tagle, 1981).

Lipid transesterification and determination of 
fatty acids. Total lipid transesterification was 
performed following method 5509 of the Inter-
national Organization for Standardization (1978). 
Fatty acids were determined by analyzing esters 
with a gas chromatograph 431-GC (Varian, Inc. 
Walnut Creek/USA) equipped with a 210-MS 
mass detector of the same trademark and a VF-5 
ms fused-silica capillary column (30 m, 0.25 mm, 
0.25 mm). Column temperature was programmed 
at 8 °C min-1 from 100 °C to 250 °C. Gas flow 
(He) was kept at 1.0 mL min-1, and the split ratio 
was 1/50. Fatty acids were identified by compar-
ing the fatty acid methyl ester (FAME) peaks´ 
relative retention times from each sample with 
methyl ester standards of fatty acids (Supelco/
Sigma-Aldrich, São Paulo/Brazil). 

Indexes of lipid nutritional quality (INQ). The 
nutritional quality of the lipid fraction of samples of 
grape bagasse flour was determined by examining 
the fatty acid profile and taking into consideration 
three indexes: atherogenicity (AI), thrombogenicity 

(TI) and the ratio between hypocholesterolemic 
and hypercholesterolemic fatty acids (HH). The 
following calculations were employed:

a) Atherogenicity Index 

(AI) = [(C12:0 + 4×C14:0+C16:0)]/(ΣAGMI+ 
Σn-6+Σn-3)

b) Thrombogenicity Index 

( T I )  =  ( C 14 : 0  +  C 16 : 0  + C 18 : 0 ) /
[(0,5×ΣAGMI)+(0,5×Σn-6)+(3×Σn-3)+( Σn-3/n-6)]

c) Ratio of hypocholesterolemic and hypercho-
lesterolemic fatty acids 

(HH)=(C18:1n-9+C18:2n-6+C20:4n-6+C18:3n-3-
+C20:5n-3+C22:5n-3+C22:6n-3)/(C14:0+C16:0)

Antioxidant activity. Antioxidant activity was 
determined by the DPPH method (2,2-diphenyl-
1-picryl-hidrazila). An aliquot of 0.1 mL of the 
samples was transferred to test tubes with 3.9 
mL of DPPH and 0.1 mL of the control solution 
of methyl alcohol (Merck, Darmstadt/Germany), 
acetone (Merck, Darmstadt/Germany) and water. 
Then, homogenization was performed in shaker 
tubes. Readings of absorbance in a spectropho-
tometer (spectrophotometer UV-VIS, Femto 
model 800X, São Paulo/Brazil) at 515 nm were 
carried out after 30 min of reaction time. The 
reaction time was established through previous 
tests ranging from 30 min to 24 h. Quantifica-
tion was based on establishing a standard curve 
in concentrations of 10, 20, 30, 40, 50 and 60 
mM, from an initial DPPH solution (60 mM). 
The results were expressed as EC50 (g flour g-1 
DPPH). The obtained values correspond to the 
amount of sample required to reduce by 50% the 
initial concentration of DPPH. Additionally, we 
determined the free radical scavenging activity 
from a standard curve of Trolox (6- hydroxy 
-2,5,7,8- tetramethylchromane 2- carboxylic 
acid) (Fluka/Sigma-Aldrich, WGK/Germany). 
Different solutions (0.1, 0.5, 1.0, 2.0 and 3.0 mM) 
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where: 
A = (A520 nm- A700 nm) pH 1 – (A520 nm- A700 
nm) pH 4.5; 
MW = 449.2 g mol-1 by cyanidin-3-glucoside; 
DF = dilution factor established in D; 
I = optic pathway in cm; 
ε = 26.900 coefficient of molar extinction.

Statistical analysis

All data were expressed as the means ± standard 
deviation. All measurements were replicated 
three times. The data were standardized by the 
equation x–  / s, where x is the observed value, 

 is the average of three replicates and s is the 
standard deviation. This procedure was neces-
sary because there was no normality among most 
data. The results were subjected to an analysis of 
variance using a statistical significance threshold 
of 5%, and significantly different means were 
furthered tested using Tukey ś test with Statistica 
7.0 (Statsoft Inc, 2004).

Results and discussion

Table 1 shows the percentage of parameters ana-
lyzed for the proximal composition and caloric 
characteristics of Concord grape bagasse flour 
from conventional and organic cultures.

The results showed that the moisture, ash, protein, 
lipid, carbohydrate and caloric values in flour from 
the conventional culture (CC) were significantly 
different (P≤0.05) from the values in flour from 
the organic culture grapes (OC). As a rule, flour 
from the CC had higher moisture, protein, and 
lipid percentages and also a higher caloric index 
compared to those in the OC grape bagasse 
flour. The latter contained higher percentages of 
carbohydrates and minerals (ash). 

Because the moisture contents were lower than 
12.0%, they complied with the Brazilian legisla-
tion on quality parameters for cereal, starch, flour 

were prepared from an initial Trolox solution (20 
mM). Each concentration was transferred to 20, 
100, 200, 300 and 600 mL test tubes, and 4 mL 
of the DPPH solution was added. The test tubes 
were shaken and read in a spectrophotometer at 
515 nm after 30 min of reaction time. The results 
were expressed as Trolox equivalent antioxidant 
activity (TEAC, μmol of trolox g-1 flour).

Determination of total phenolic content. Total 
phenolic content was determined using Folin-
Ciocalteau (FC) reagent (BDH Ltd, Radnor/
Pennsylvania). In a 100-mL-graduated flask, 1 
mL of extract from each sample was added to 60 
mL of ultra pure water and 5 mL of Folin reagent. 
After 8 min, 20 mL of 20% sodium carbonate 
was added and the volume was completed with 
distilled water and kept at rest and in the dark for 
2 h. The solution was later filtered in a 250 mL 
graduated flask and topped with distilled water. 
The measurement of the solutions was performed 
with a spectrophotometer at 725 nm. A control 
sample was prepared by substituting 1 mL of the 
extract for 1 mL of distilled water. A straight line 
equation was obtained by a calibration curve with 
different concentrations of gallic acid. Data were 
applied to the straight line equation by stoichiom-
etry for dilutions, with the results given in mg of 
gallic acid per gram of sample. 

Total anthocyanins. Total anthocyanins were evalu-
ated by spectrophotometry (spectrophotometer 
UV-VIS, Femto model 800X, São Paulo/Brazil) 
following methods described in Fuleki and Francis 
(1968). Two buffer solutions with pH 1.0 and pH 
4.5 were prepared. Adequate dilution for each 
flour sample (1 mL extract) was determined by 
diluting the sample with buffer solutions at pH 
1.0 and 4.5. Measurements of the samples were 
undertaken at 520 and 700 nm. 

Total anthocyanins were obtained according to 
the following equation: 

(A × MW × DF × 103)/ (ε × I) = equivalent 
cyanidin-3-glucoside, mg L-1,
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and grain products. The variation in moisture may 
have been caused by the different types of grape 
culture because the same technological process 
was employed for both types of flour.

A significant difference (P≤0.05) was also reported 
between the ash percentages in the samples of 
grape bagasse flour from the conventional culture 
(1.90%) and the organic culture (2.04%). According 
to the Brazilian Institute of Wines, the percentage 
of ash in grape flour samples derived from OC 
may have been caused by higher mineralogical 
availability in the soil of OC and by variations in 
soil, climate, irrigation methods and fertilization. 
In their study of the ‘Rubi’, ‘Niágara’ and ‘Brasil’ 
grape varieties, Souza et al. (2011) reported ash 
percentages between 0.43 and 2.11% in the peel 
and between 0.39 and 1.10% in the pulp. These 
values were close to those in the current study.

The percentage of protein in the CC grape ba-
gasse flour was 6.54%, whereas the percentage 
was 5.20% in the OC; these values represented 
a significant difference (P≤0.05) between the 
cultures. Likewise, Bampi et al. (2010) found 
5.73% protein in the flour of the oriental raisin 
(Hovenia dulcis).

The lipid percentages in the CC and OC grape 
bagasse flour varied between 3.62% and 5.10%, 
which was a significant difference (P≤0.05) 

between the cultures. These results were higher 
than the lipid content (1.82%) of flour from the 
oriental raisin reported by Bampi et al. (2010).

The carbohydrate percentage (80.15%) of OC 
grape bagasse f lour was significantly higher 
compared to the percentage of the conventional 
treatment sample (76.60%). The differences in the 
carbohydrate percentages between the types of 
flour assessed may be due to the acceleration of 
vegetal cell metabolism during the OC cultivar ś 
development. In fact, a grape’s chemical com-
position is defined by maturation stage, genetic 
potential, climate and management. 

The results for the caloric content of the two types 
of flour under analysis showed that the CC grape 
bagasse flour (378.45 Kcal) had significantly more 
calories compared to the OC flour (374.00 Kcal, 
P≤0.05). Bampi et al. (2010) reported a caloric 
content of 216.09 Kcal for flour from table grape 
bagasse. The caloric content in the current study 
was similar to those found by the previously 
mentioned researchers. 

Table 2 shows the sum and ratio of fatty acids in 
samples obtained by muffle drying the Concord 
grape bagasse flour from the two cultures.

Table 2 shows that the lipid profile, sum and 
PUFA/SFA ratio differed significantly (P≤0.05) 
for the conventional and organic cultured grape 
bagasse flour, whereas the n-6/n-3 ratio was not 
significantly different (P>0.05) between the 
samples. There were five saturated, six monoun-
saturated and four polyunsaturated fatty acids in 
the Concord grape bagasse flour samples from 
the conventional and organic cultures. 

The prevalent fatty acids in the lipid fraction 
of the grape bagasse f lour derived from the 
conventional culture system were linoleic acid 
(18:2n-6, 25.77%), paulinic acid (20:1n-7, 14.19%), 
cis-vaccenic acid (18:1n-7, 10.61%), gondoic acid 
(20:1n-9, 10.15%) and margaric acid (17:0, 7.11%). 
These fatty acids were predominant in grape 

Table 1. Physical and chemical characterization of grape 
bagasse flour in conventional and organic culture systems 
obtained by muffle drying.

   Grape bagasse flour

Parameters

Conventional 
culture (CC)

(%± d.p)

Organic culture 
(OC)

(%± d.p)

Moisture (%) 9.86 ± 0.10 b 8.99 ± 0.06 a

Ash (%) 1.90 ± 0.03 a 2.04 ± 0.02 b

Protein (%) 6.54 ± 0.08 b 5.20 ± 0.29 a

Lipids (%) 5.10 ± 0.05 b 3.62 ± 0.04 a

Carbohydrate (%)  76.60 ± 0.11 a  80.15 ± 0.32 b

Caloric value (Kcal) 378.45 ± 0.40 b 374.00 ± 0.33 a

Results are the mean of three replicates with their standard 
deviation estimates. Values on the same line followed by same 
letters do not differ (P>0.05). (Analysis of variance – ANOVA and 
Tukey´s test). CC: conventional culture; CO: organic culture.
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bagasse flour derived from the organic culture 
system, with mean percentages of 27.70%, 14.43%, 
11.02% and 8.06% for linoleic acid (18:2n-6), cis-
vaccenic acid (18:1n-7), paulinic acid (20:1n-7), 
gondoic acid (20:1n-9) and margaric acid (17:0), 
respectively.

Lutterodt et al. (2011) underscored that, similar to 
data from current investigation, the linoleic acid 
percentage (18:2n-6) was higher (66.0 to 75.3%) 
than the other fatty acids of the oils and seed 
flours from various grape species. The authors 
reported that flour had up to 100 times more 
phenolic compounds than oils. 

The composition of fatty acids in grape bagasse 
flour is similar to that of sunflower, soybean, 
maize and cotton seed oil. The fatty acid levels 
of the CC and OC grape bagasse flours were 
lower than those reported by Göktürk-Baydar 
et al. (2007) for the seed oils of the Ancelota, 
Tannat, Regente, Pinot Noir, Bordeaux, Merlot, 
Isabel and Cabernet Sauvignon grape varieties, 
which had percentages of linoleic acid (18:2n-6) 
varying between 47.63% (Cabernet Sauvignon) 
and 60.02% (Merlot). In fact, they were higher 
than those in the current analysis. 

It is important to note that the evaluation by the 
abovementioned authors referred to oils with 
high concentrations of fatty acids, whereas the 
types of flour from a byproduct (grape bagasse) 
of grape processing were the focus of the current 
study. The latter had a differentiated composition. 

Linoleic (LA, 18:2n-6) and alpha-linolenic (LNA, 
18:3n-3) acids are required by the human body for 
the maintenance of cell membranes, brain func-
tion and the transmission of nervous impulses 
in normal conditions. These essential fatty acids 
also participate in the transference of atmospheric 
oxygen to the blood, in hemoglobin synthesis and 
in cell division (Lutterodt et al., 2011).

Saturated fatty acids (SFA) comprised 22.95% and 
17.5% of CC and OC grape bagasse flour, respec-
tively, and thus differed significantly (P≤0.05). 
The MUFA and PUFA sums were 47.04% and 
30.00% for samples of CC grape flour, differing 
significantly (P≤0.05) from OC samples, which 
had 34.09% MUFA and 48.39 PUFA content. 
Fernandes et al. (2013) reported percentages 
between 11.64% and 14.94%, between 14.19% 
and 21.29% and between 63.64% and 73.53% for 
SFA, MUFA and PUFA, respectively, in grape 
seed oil, which were different from the values 
obtained in the current study.

LNA and LA polyunsaturated fatty acids are 
present in vegetal and animal species and are 
used in human food. They are highly important in 

Table 2. Composition, sum and ratio of fatty acids in 
samples of Concord grape flour conventionally and 
organically cultivated and muffle-dried. 

Fatty Acids 
(%)

Grape bagasse flour

Conventional culture 
(CC)

Organic culture 
(OC)

12:0  5.66 ± 0.01 b  3.13 ± 0.01 a

14:0  3.14 ± 0.01 b  2.16 ± 0.01 a

15:0  0.94 ± 0.01 a  3.41 ± 0.02 b

16:0  6.11 ± 0.02 b  0.76 ± 0.01 a

17:0  7.11 ± 0.02 a  8.06 ± 0.02 b

∑-SFA 22.96 ± 0.01 b  17.52 ± 0.01 a

16:1n-5  1.29 ± 0.02 b  1.28 ± 0.02 a

17:1n-9  6.76 ± 0.01 b  5.63 ± 0.01 a

18:1n-9  4.04 ± 0.01 a  5.01 ± 0.01 b

18:1n-7 10.61 ± 0.01 a  14.43 ± 0.01 b

20:1n-9 10.15 ± 0.02 a  11.02 ± 0.02 b

20:1n-7 14.19 ± 0.02 b  11.02 ± 0.02 a

∑-MUFA 47.04 ± 0.01 b  34.09 ± 0.01 a

18:2n-6 25.77 ± 0.01 a  27.70 ± 0.02 b

18:3n-6  1.00 ± 0.02 a  2.71 ± 0.01 b

18:3n-3  3.23 ± 0.02 a  3.68 ± 0.01 b

∑-PUFA  30.00 ± 0.01 a  48.39 ± 0.01 b

∑-n-6  26.77 ± 0.01 a  30.41 ± 0.01 b

∑-n-3  3.23 ± 0.01 a  3.68 ± 0.01 b

Rate

PUFA/SFA  1.31 ± 0.01 a 2.76 ± 0.01 b

n-6/n-3  8.29 ± 0.01 a  8.26 ± 0.01 a

Results are the mean of two replications in percentages with 
estimates of standard deviation. Values on the same line 
followed by same letters do not differ (P>0.05). (Analysis 
of variance – ANOVA and Tukey´s test). CC: Conventional 
culture. CO: Organic culture. SFA: saturated fatty acids. MUFA: 
monounsaturated fatty acids. PUFA: polyunsaturated fatty acids 
(unsaturation ≥2). n-6: omega-6 fatty acids. n-3: omega-3 fatty 
acids. PUFA/SFA: ratio between polyunsaturated and saturated 
fatty acids. n-6/n-3: ratio between omega-6 and omega-3 fatty 
acids.
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nutritional terms due to their status as precursors 
of the other fatty acids of the n-3 and n-6 series. 
The same researchers also reported that LNA was 
found in vegetables, especially those with dark 
green leaves, although its concentration depended 
on the species and seasonal factors. 

The PUFA/SFA ratio of CC grape bagasse flour, 
1.31, differed significantly (P≤0.05) from the 2.76 
ratio obtained from the bagasse flour of the same 
grape cultivated by the OC system. According to 
the Department of Health and Social Security, 
eating food with a PUFA/SFA ratio lower than 
0.45 was not recommended due to a trend towards 
increasing blood cholesterol. Grape bagasse flour 
from organic and conventional cultures was accept-
able according to the suggested minimum ratio. 

The samples were statistically equivalent (P>0.05) 
in their n-6/n-3 ratios of 8.28 and 8.26 for CC and 
OC grape bagasse flour, respectively. 

Ratios between 5:1 and 10:1 are recommended 
by the WHO and FAO. However, diets based on 
n-6/n-3 ratios lower than 1:1 are not recommended 
because they inhibit the transformation of linoleic 
acid into longer chain polyunsaturated fatty acids.

Garde-Cerdán et al. (2007) found that the com-
position of fatty acids and free amino-acids of 
grape juices remained stable even after thermal 
treatments. It may be inferred that the thermal 
treatment of grape bagasse flour does not interfere 
significantly with the final product ś fatty acid 
and protein composition.

The fatty acid profiles also enabled the evaluation 
of the lipid fraction ś nutritional quality index. 
The atherogenicity (AI) and thrombogenicity (TI) 
indexes and the ratios of hypocholesterolemic 
and hypercholesterolemic fatty acids (HH) could 
therefore be determined. 

According to Turan et al. (2007), nutritional qual-
ity indexes can indicate a sample’s potential for 

plaque aggregation. In other words, low AI and TI 
values indicate high quantities of anti-atherogenic 
fatty acids in oil or fat. 

Table 3 shows the evaluation of the nutritional 
quality of the lipid fractions of the grape bagasse 
flour from conventional and organic culture sys-
tems, as determined by the atherogenicity (AI) 
and thrombogenicity (TI) indexes and the ratios 
of hypocholesterolemic and hypercholesterolemic 
fatty acids (HH).

Table 3. Indexes of the nutritional quality of the lipid 
fraction of grape bagasse flour from organic and 
conventional culture obtained by muffle drying.

Index

Grape bagasse flour

Conventional 
culture (CC)

Organic culture (OC)

AI 0.32 0.18

TI 0.17 0.06

HH 3.57 12.46

AI: atherogenicity index; TI: thrombogenicity index; HH: ratio 
between hypocholesterolemic and hypercholesterolemic fatty 
acids.

The atherogenicity (AI) and thrombogenicity 
(TI) indexes had higher values, 0.32 and 0.17, 
respectively, for grape bagasse flour from con-
ventional cultures, whereas the ratios between 
hypocholesterolemic and hypercholesterolemic 
fatty acids (HH) were higher in grape bagasse 
flour derived from OC (12.46).

The values for the three indexes (AI, TI and HH) 
showed that grape bagasse flour derived from 
CC and OC had beneficial effects on health. The 
lower the atherogenicity (AI) and thrombogenic-
ity (TI) index values, the healthier the food. This 
is because these indexes report the relationship 
between fatty acids in food and their contribution 
to the prevention of coronary diseases (Turan et 
al., 2007). Further, Souza Bentes et al. (2009) 
underscored that oil or fat was nutritionally the 
most adequate based on the relation between 
hypocholesterolemic and hypercholesterolemic 
fatty acids.
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In the current study, HH ratios of 3.57 and 12.46 
were found for the CC and OC grape bagasse flour, 
respectively. These ratios indicate the nutritional 
adequacy, with an indication of greater quality for 
the OC flour. In their analysis of Syagrus oleracea 
(guarirova), Nozaki et al. (2012) reported higher 
AI and TI values than in the present study. The 
authors registered atherogenicity indexes at 0.69 
and 11.53 and thrombogenicity indexes at 1.32 
and 4.82 for pulp and kernel oils, respectively, 
and an HH ratio of 1.39 for pulp oil and 0.40 for 
kernel oil.

According to Rockenbach et al. (2008), bioac-
tive compounds, such as anthocyanins and other 
flavonoids, are highly beneficial to health, espe-
cially due to their activities against free radicals, 
allergies, inflammations, ulcers, viruses, tumors 
and hepatotoxins. 

Table 4 shows the results of the analyses of the 
bioactive compounds from grape bagasse flour 
dried in a muffle.

Of the analyzed bioactive compounds, only 
the OC flour phenolic compound content was 
significantly higher (P≤0.05) than those of the 
conventional system. The other parameters failed 
to differ statistically (P>0.05). 

The anthocyanin content in the current study was 
higher than that reported by Rockenbach et al. 
(2008) in samples from extracts of grape bagasse 
from the Ancelota and Tanna varieties, which had 
concentrations between 0.13 and 1.95 (g 100 g-1 
dry weight) and between 0.04 and 0.77 (g 100 g-1 
dry weight), respectively. Exogenous treatments 
with UV-C, simulating abiotic stress, undertaken 
by Pala and Toklucu (2012) in grape juice, failed 
to show any significant differences (P>0.05) in 
the phenolic compound content.

In the current analysis, total phenolic compound 
content was significantly higher in the OC Con-
cord grape flour. The production system is a 
factor that may interfere with the content of total 

phenolic compounds and consequently with the 
flour retrieved from their waste. 

Several researchers report that the bioactive 
compound content in fruit may be affected by 
the culture system with the development of de-
fense systems against the fruits´ natural pests 
(López et al., 2013). Freitas et al. (2010) state that 
an increase in the concentration of the grape ś 
phenolic compounds is related to the plant´s 
own defense system. Investigations by Melo et 
al. (2011) on Verdejo and Isabel grape bagasse 
found phenolic compound indexes (dry weight) 
of 20.94 mg gallic acid g-1 and 16.57 mg gallic 
acid g-1, respectively. Rockenbach et al. (2008) 
reported 75.6 mg gallic acid g-1 for Ancelota 
grape bagasse and 69.0 mg gallic acid g-1 for 
Tannat grape bagasse. The results showed that 
the natural defense systems developed by plants 
triggered bioactive compounds with beneficial 
health traits associated with the prevention and 
control of diseases in humans. 

The antioxidant activity of flour from CC and OC 
was not significantly affected by the production 
system. Mulero et al. (2010) described higher 
antioxidant activity in OC grapes, which, ac-
cording to the researchers, was directly related 
to the accumulation of phenolic compounds. In 

Table 4. Bioactive compounds of Concord grape 
flour samples obtained from conventional and organic 
production systems dried in a muffle.

 Grape bagasse flour

Bioactive Compounds
Conventional 
culture (CC)

Organic culture 
(OC)

Total Anthocyanins1 96.31±3.60 a 97.13±3.80 a

Total Phenolic 
compounds2 173.82±4.20 a 215.64±3.80 b

Antioxidant activity

EC503 357.16±7.00 a 341.77±7.60 a

TEAC4 7.80±0.01 a 8.42±0.16 a

Results are the mean of three replications with the estimates for 
standard deviation. Values on the same line followed by the same 
letters do not differ (P>0.05). (Analysis of variance – ANOVA 
and Tukey´s test). CC: conventional culture. OC: organic culture. 
1mg of cyanidin-3-glucoside 100 g-1 flour; 2mg GAE g -1 flour; 3g 
flour g-1DPPH; 4μmol of trolox g-1 flour.
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the current study, a significant co-relationship 
between phenolic compounds and antioxidant 
activity could not be demonstrated. However, 
based on the reports of the authors mentioned 
above, the organic system ś influence may be 
possible due to the higher content of phenolic 
compounds. 
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Resumen 

L.D. Lopes, B.R. Böger, K.F. Cavalli, J.F. dos S. Silveira-Júnior, D.V.C.L. Osório, D.F. de 
Oliveira; L. Luchetta y I.B. Tonial. 2014. Perfil de los ácidos grasos, índices de calidad 
de los lípidos y compuestos bioactivos de las harinas de residuos de la uva. Cien. Inv. 
Agr. 41(2): 225-234. Los alimentos producidos con el uso de los subproductos, caracterizados 
por propiedades bioquímicas y fisiológicas beneficiosas para salud y porque evitan una mayor 
degradación del medio ambiente, han sido bastante discutidos y valorados. El estudio evaluó 
la composición proximal, perfil de ácidos grasos, los índices de la calidad nutricional de los 
lípidos y la presencia de compuestos biológicamente activos en las harinas de orujo de uvas a 
partir del métodos de cultivo: convencional (CC) y orgánico (CO). Los resultados mostraron 
que la harina CC mostró altos niveles de proteínas, grasas, calorías, ácidos grasos saturados y 
monoinsaturados, mientras que el contenido en ácidos grasos poliinsaturados, especialmente 
omega-3 y omega-6, los carbohidratos y las cenizas fueron mayores para la harina CO. Estos 
resultados indican un bueno potencial nutricional de la harina obtenida de orujo de uva, así 
justifican la aplicación tecnológica del subproducto como un ingrediente funcional en la 
formulación de productos alimenticios.

Palabras clave: Calidad de lípidos, compuestos bioactivos, orujo de uva, subproducto.
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