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INTRODUCTION

Winemaking produces annually millions of  tons 
of  by-products,  which are valuable resources 
having many potential uses, also in animal nutrition 
(Domínguez et al., 2016). The most of  components with 
nutritive value come directly from vineyard in two main 
winemaking by-products: grape pomace and stems (Makris 
et al., 2007). Small proportions of  the grape pomace 
that is produced during the process of  winemaking in 
the wine industry is used for the ethanol production. 
Oil from grape seed is used mostly as food ingredients 
(Negro et al., 2003; Fontana et al., 2013; Álvarez-Casas 
et al., 2014). Shinagawa et al. (2017) found in grape seed 
oil higher content of  linoleic acid (72.19 - 75.02%) which 
is health-benefitting fatty acid, followed by oleic acid 
(14.80 - 17.20%) and then palmitic acid (6.26 - 6.70%) 

with PUFA from 72.67% to 75.38%, MUFA from 
14.80 to 17.34% and SFA content from 9.72 to 10.22%. 
In contrary, olive oil has higher content of  oleic acid 
(60.76 - 62.74%), then linoleic acid (13.22 - 18.45%) and 
palmitic acid (15.19 - 18.71%) characterized with higher 
MUFA content (62.42 - 64.30%), lower PUFA content 
(13.61 - 19.20%) but higher SFA content (18.37 - 22.09%) 
(Giuffrè et al., 2017a). Furthermore, in sunflower seed 
oil the highest content of  linoleic acid (50.89 - 55.78%), 
followed by oleic acid (32.37 - 35.69%) and palmitic acid 
(7.47 - 6.44%) with the content of  PUFA from 52.49 to 
56.24%, MUFA from 32.77 to 36.55% and SFA from 
10.99 to 12.54% was observed (Giuffrè et al., 2017b). In 
contrary, peanut seed oil had the highest content of  oleic 
acid (44.61 - 50.94%), then linoleic acid (29.92 - 35.07%) 
and palmitic acid (8.42 - 10.90%). Then, the MUFA 
content in peanut seed oil was from 45.53 to 51.87%, 

Current experiments with farm animals showed that it is possible to use grape by-products as a source of nutrients in animal nutrition. 
In the present experiment, we hypothesize that one reason for the variation among feeding trials, besides production steps affecting 
byproduct quality in winery, the variation among cultivars may have substantial contribution. The main aim of this study was to analyse 
grape pomace and stems from the area of Slovak Republic and Austria to evaluate their nutritional value for animals. In total, 54 samples 
of 3 grape varieties from 6 different locations were analysed. In each variety basic nutrients, antioxidant activity, total phenols, condensed 
tannins and proteins participation was determined according to standard analytical methods. The results show that the grape pomace had 
the highest ratio of crude proteins, crude fat and crude fibre with the solid concentrations of sugars, except of variety from red grape. 
Then, the grape stem is characterised with balanced content of crude protein, crude fibre and nitrogen free extracts with residual sugars 
and the highest antioxidant activity. By-products from the winery production have average nutritional value because of higher content of 
lignin that could be limiting factor for the digestibility. Neverthelles, there are interactions between the fibre fractions, condensed tannins, 
total polyphenols and antioxidant activity. Analysed data shows, that grape by-products have a potential in animal nutrition as a source 
of bioactive compounds, however there exists differences between the locations and varieties.

Keywords: Antioxidant activity; Grape bunch; Grape pomace; Grape stem; Nutritive value; Polyphenols

A B S T R A C T

Emirates Journal of Food and Agriculture. 2020. 32(1): 1-10
doi: 10.9755/ejfa.2020.v32.i1.2051
http://www.ejfa.me/

R E S E A R C H  A R T I C L E

*Corresponding author: 
Ondrej Hanušovský, Department of Animal Nutrition, Faculty of Agrobiology and Food Resources, Slovak University of Agriculture in Nitra.  
Tel: +421/37/64143201. E-mail: ondrej.hanusovsky@uniag.sk

Received: 13 May 2019;  Accepted: 11 December 2019



Hanušovský, et al.

2  Emir. J. Food Agric ● Vol 32 ● Issue 1 ● 2020

PUFA from 30.01 to 35.35% and SFA from 16.56 to 
20.84% (Giuffrè et al., 2016). Grape pomace has high 
acidity and is suitable for silage making, thus is used as a 
feed for animals, although its digestibility is low because 
of  high lignin content (Kammerer et al., 2005).

The nutritional composition of  grape samples shown that 
it varies widely, depending on the grape variety, grape origin 
and the conditions of  fertilization (Brenes et al., 2016). 
Also, the nutritive value of  grape by-products is determined 
by ratio of  seeds and pulps (Guerrera-Rivas et al., 2016). 
Feeding of  grape by-products showed different results in 
experiments with farm animals. For instance, feeding of  
grape seeds extracts and grape pomace on the one hand did 
not affect the growth performance of  chickens (Hughes 
et al., 2005; Brenes et al., 2008; Chamorro et al., 2012; 
Chamorro et al., 2015). On the other hand, in the experiment 
of  Liu et al. (2014), growth performance was improved. 
This is because grape pomace fed to poultry reduced meat 
lipid oxidation (Brenes et al., 2008; Iqbal et al., 2015), 
oxidation stress during coccidiosis (Wang et al., 2008), 
and increased content of  PUFA in meat (Chamorro et al., 
2015). In experiments with pigs, feeding fermented grape 
pomace or grape marc meal improved nitrogen digestibility 
and growth performance, modified the pattern of  fatty 
acids in subcutaneous fat (Yan and Kim, 2008), improved 
the gain to feed ratio (Fiesel et al., 2014) and reduced 
E. coli in feaces of  weaned pigs (Verhelst et al., 2014). 
However, in experiments with rabbits no effect on growth 
performance (Tortuero et al., 1994; Nicodemus et al., 
2007) was observed. In contrast, Motta-Ferreira et al. 
(1996) observed that feeding grape pomace to rabbits 
leads to linear decrease of  gain to feed ratio and improved 
digestible crude protein use. Nielsen et al. (2004) and Nistor 
et al. (2014) did not observed changes in milk yield and 
milk composition by feeding grape pomace to dairy cows. 
Belibasakis et al. (1996) found that grape marc feeding did 
not affect DM intake, milk composition and milk yield. 
Dried or ensiled grape marc improved content of  MUFA, 
PUFA and linoleic acid in dairy milk (Moate et al., 2014). 
In beef  cattle, feeding of  grape marc resulted in decreasing 
live-weight gains (Manterola et al., 1997). Feeding of  
grape pomace to fattening lambs decreased the rate of  
the nutrients digestibility because of  high fiber, lignin and 
tannin presence (Nistor et al., 2014). However, addition 
of  grape pomace improved positively ruminal parameters 
and retained nitrogen in sheep (Abarghuei et al., 2010). 
Current experiments with farm animals showed that it is 
possible to use grape by-products as a source of  nutrients in 
animal nutrition. In the present experiment, we hypothesize 
that one reason for the variation among feeding trials, 
besides production steps affecting byproduct quality in 
winery, the variation among cultivars may have substantial 
contribution. The main aim of  this study was to analyse 

grape pomace and stems from the area of  Slovak Republic 
and Austria to evaluate their nutritional value for animals.

MATERIAL AND METHODS

Grape samples
In total, 54 samples from 3 varieties Zweigelt (ZG) red 
skinned, Pinot Blanc (PB) white skinned and Green 
Veltliner (GV) white skinned from 6 different locations 
(Nitra and Vienna wine region) of  Vitis vinifera sp. were 
analysed. The microclimatic conditions in Nitra wine 
region (average temperature 10.8 °C, precipitations 
988.06 mm and 95 days in rain) and Vienna wine region 
(average temperature 12.0 °C, precipitations 716.28 mm 
and 74 days in rain) by rp5.ru meteorological server 
were observed. In each variety the nutritive value was 
determined for the whole grape (bunch) and by-products 
of  wine industry (pomace, stems). Grape pomace was 
characterised as a residual skin, seeds and grape pulps 
after juice pressing in wine industry. Grape stems were 
only rachis, peduncle and pedicels after removing grape 
berries.

Chemical analysis
Standard laboratory techniques were used to determine 
basic nutrients and fibre contents (AOAC, 2000). Samples 
were predried under 55 ± 5 °C for three days and milled 
by laboratory mill (Fritsch, GER) to pass 1 mm sieve. 
Residual Dry matter (DM) content has been determined 
gravimetrically at 103 ± 2 °C. Ash (Ah) was determined 
by resulting inorganic residue weight after ignition in 
Muffle furnace at 550 ± 25 °C, crude protein (CP) 
as total nitrogen content determined by the Kjeldahl 
method. Ether extracts (EE) as crude fat was determined 
by extraction and gravimetric method according to the 
Soxhlet principle, without previous acid treatment. Starch 
(ST) was determined polarimetrically after clarification and 
filtration of  the optical rotation of  the solution. Then, the 
difference between the two measurements, multiplied by 
a known factor, gives the starch content of  the sample. 
Sugars (SG) was determined as extraction of  samples in 
ethanol solution followed by Carrez solution treatment 
and titration by Luff-Schoorl method. Crude fibre (CF) 
content was determined gravimetrically as the difference 
between residue after hydrolysis and after combustion. 
Neutral detergent fibre (NDF) content was determined 
in the Ankom 200 Fiber Analyzer (Ankom Technology, 
U.S.A.) according to procedures derived from Van Soest 
et al. (1991). Acid detergent fiber (ADF) after hydrolysis 
in acid detergent soluble of  cetaltrimetylamoniumbromide 
and sulphuric acid determined by Fibertec System 1010 
Heat Extractor (Tecator, Switzerland) and Dosi – Fiber 
(Selecta, Spain). Lignin (ADL) was determined as residue 
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after hydrolysis of  ADF sample by 72 % solution of  
sulphuric acid in laboratory temperature. Nitrogen free 
extracts (NFE), Organic matter (OM), Hemicellulose (H), 
Cellulose (C) were calculated. Antioxidant activity was 
determined according to Nishizawa et al. (2005) and Xia 
et al. (2010), total polyphenols, condensed tannins, and 
protein precipitation by Kardel et al. (2013).

Statistical analysis of results
Results were statistically evaluated with IBM SPSS v. 20.0. 
Descriptive statistics (means, standard deviations, minimum 
maximum) using One-way ANOVA were generated. Then, 
statistical significance of  nutritional composition between 
the varieties (3 samples per variety in both countries) 
within the countries was expressed using Tukey test. For 
the analysis of  relationship between the variables Pearson 
correlation (r) test was used.

RESULTS

The total content of  DM in the samples of  grape bunch 
226.08 ± 18.80 g·kg-1 in Slovak samples (SK) and 261.44 
± 30.70 in Austrian samples (AT) was found (Table 1). 
The highest content was determined in the PB (SK) and 
ZG (AT). The concentration of  DM in GV (p<0.01) 
and ZG (p<0.01) compared to PB in SK samples was 
lower. Then, similar content of  OM in both countries 
was detected. After the comparison of  OM concentration 
in the bunch of  GV, PB and ZG the highest (p<0.01) 
concentrations in the bunch of  GV (SK) and ZG (AT) 
were found. Further, the bunch of  GV (SK; p<0.05) 
and PB (AT) had the highest content of  CP, compared 
to other cultivars. However, the EE concentrations 

were the highest in the ZG (SK) and PB (AT) variety 
(p<0.01). The concentration of  CF in SK was also the 
highest in the ZG bunch but in AT the highest content 
in GV bunch was determined. After comparison of  
NFE, the highest concentration in the PB (SK) and 
ZG (AT) bunch variety was determined. However, 
differences between PB and GV were very slight. Then, 
the SG content was the highest in the bunch of  GV and 
differences between varieties were between SK samples 
statistically significant (p<0.01). In AT, samples with the 
highest content of  SG were in the PB variety, differing 
significantly (p<0.05) compared to GV. ADF was most 
represented in the bunch of  ZG (SK) and GV (AT) 
compared with other cultivars (p<0.01). Also, in the ZG 
(SK) and GV (AT) bunch the highest content of  NDF 
was found. In contrast, the PB (SK and AT) variety had 
the highest content of  ADL. Then, the highest amount 
of  C was in the ZG (SK) and GV (AT) bunch and the 
difference compared to other varieties was large and 
statistically significant in SK samples (p<0.01). Finally, 
the concentration of  H was highest in the bunch of  PB 
(SK) and ZG (AT) variety. Generally, the bunch of  grape 
had the highest content of  NFE, OM and SG, but the 
lowest content of  DM, CP, CF, Ah, ST, ADF, NDF, ADL, 
C and H compared to grape stem and pomace.

In comparison with the whole grape bunch and grape 
pomace, in the grape stem (Table 2) the highest Ah, ST, C 
and H content were found. However, the lowest EE and 
OM content and consequently the highest content of  DM 
in the stem of  ZG (SK) and PB (AT) variety was detected. 
Differences in OM were very small with the lowest value in 
the case of  GV (SK) and ZG (AT) stem. Then, the highest 

Table 1: Nutrient composition of grape bunch (g·kg-1)
Variety DM CP EE CF Ah NFE OM SG ADF NDF L C H

SK GV x− 227.93a 33.46a 11.82a 69.67a 23.65a 861.40a 976.35a 853.86a 102.06a 109.2a 66.77a 35.29a 7.14a

SD 0.06 1.81 0.13 1.44 0.60 2.25 0.60 3.74 3.76 0.26 2.43 6.20 3.63
PB x− 246.80b 29.91b 18.58b 60.07b 26.93b 864.52a 973.07b 832.51b 121.06b 147.49a 87.60b 33.46a 26.43b

SD 0.20 0.93 0.14 0.69 0.40 0.59 0.40 0.71 1.62 0.79 2.28 0.81 0.93
ZG x− 203.50c 31.97ab 26.58c 95.22c 29.71c 816.51b 970.29c 743.35c 151.62c 173.06b 83.41b 68.21b 21.44b

SD 0.10 0.39 1.18 0.56 0.62 0.40 0.62 6.84 2.74 0.88 0.19 2.76 3.62
TA x− 226.08 31.78 18.99 74.99 26.76 847.48 973.24 809.91 124.92 143.25 79.26 45.65 18.33

SD 18.80 1.86 6.42 15.76 2.67 23.29 2.67 50.92 21.79 17.71 9.68 17.28 9.05
AT GV x− 238.10a 37.68a 6.29a 67.72a 24.37a 863.94a 975.63a 854.38a 110.27a 115.14a 71.83a 38.44a 4.87a

SD 2.40 0.87 0.34 2.38 0.93 3.74 0.93 3.57 0.43 1.79 2.32 2.74 1.36
PB x− 244.13a 38.28a 11.61b 58.86b 28.47b 862.78a 971.53b 865.13b 100.22b 102.98a 71.90a 28.33b 2.76a

SD 7.00 0.90 0.17 1.22 0.95 2.93 0.95 3.42 1.45 2.19 2.23 0.78 1.82
ZG x− 255.03a 30.58b 9.84c 53.34c 24.29a 881.94b 975.71a 857.14ab 81.09c 96.92b 51.24b 29.85b 15.83b

SD 5.35 1.05 0.22 1.45 0.21 1.16 0.21 1.06 1.94 2.42 1.60 0.34 0.49
TA x− 261.44 39.24 11.56 64.29 27.29 857.62 972.71 845.21 109.88 121.68 72.50 37.38 11.80

SD 30.70 7.51 4.65 9.62 3.42 23.11 3.42 25.22 25.44 22.36 16.29 10.30 9.03
Different letters in the columns indicate significant differences. The mean difference is significant at the 0.05 level (Tukey Test). Abbreviations: DM-dry matter, 
CP-crude proteins, EE-crude fat, CF-crude fibre, Ah-ash, NFE-nitrogen free extracts, OM-organic matter, SG-sugar, ADF-acid detergent fibre, NDF-neutral 
detergent fibre, L-lignin, C-cellulose, H-hemicelluloses, SK-Slovakia, AT-Austria, GV-Green Veltliner, PB-Pinot Blanc, ZG-Zweigelt, TA-total average, mean, 
x− SD-standard deviation
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amount of  CP in GV (SK) and ZG (AT) was observed. 
However, the difference between S and A samples in CP 
was relatively high (p<0.01). Afterwards, the stem of  PB 
(SK) and ZG (AT) had the highest concentration of  EE 
compared with other cultivars (p<0.01). Similarly, significant 
differences (p<0.01) between stems of  grape varieties in 
the CF content were found. The highest CF content was 
for ZG (SK and AT) and the lowest for GV (SK) and PB 
(AT) cultivars. ZG (SK) and GV (AT) stem had the highest 
content of  NFE. In the stem of  ZG (SK) and GV (AT) no 
ST was not found. The lowest concentration of  SG was in 
ZG (SK and AT) cultivar, and in comparison with GV and 
PB lower (p<0.01) content of  SG was found. However, in 

the case of  ADF in the stem of  ZG (S and A) the highest 
concentration was determined. Differences between ZG and 
GV and PB were also highly significant (p<0.01). Moreover, 
the similar results were in the content of  NDF and L where 
their highest concentrations in ZG (S and A) were found. 
Then, the highest content of  C in GV (SK) and ZG (AT) 
was observed. The difference in C between samples in both 
countries was significant (p<0.05). Finally, the lowest quantity 
of  H in the stem of  PB (SK) and GV (AT) was determined, 
with significant differences between varieties.

The nutritive value of  grape pomace (Table 3) was 
represented by the highest concentration of  DM, CP, EE, 

Table 2: Nutrient composition of grape stem (g·kg-1)
Variety DM CP EE CF Ah NFE OM ST SG ADF NDF L C H
SK GV x− 225.67a 85.60a 12.92a 160.40a 73.49a 667.59a 926.51a 53.32a 239.00a 329.96a 391.27a 158.20a 171.76a 61.31a

SD 0.06 1.63 0.16 0.43 0.31 1.74 0.31 1.14 1.31 0.20 0.19 1.98 2.17 0.34
PB x− 288.57ab 85.59a 14.30b 171.40b 72.69a 656.01b 927.31a 41.76b 256.78b 320.98b 374.49a 158.21a 162.77b 53.51b

SD 0.06 1.95 0.28 0.65 2.59 0.72 2.59 1.30 1.30 1.61 0.70 0.59 2.20 2.31
ZG x− 326.67b 61.83b 11.79c 188.54c 67.84b 670.00a 932.16b 0.00c 179.60c 387.37c 445.30b 237.76b 149.61c 57.94ab

SD 57.71 0.26 0.54 2.74 1.56 3.89 1.56 0.00 1.27 1.01 2.74 1.03 1.70 3.28
TA x− 280.30 77.67 13.00 173.45 71.34 664.53 928.66 31.69 225.13 346.10 403.69 184.72 161.38 57.59

SD 52.76 11.95 1.13 12.36 3.05 6.83 3.05 24.31 35.02 31.21 30.72 39.79 9.81 3.94
AT GV x− 223.30a 42.79a 5.37a 168.88a 82.70a 700.26a 917.30a 0.00a 437.57a 270.67a 287.47a 117.41a 153.27a 16.80a

SD 0.96 1.93 0.34 0.51 1.38 0.84 1.38 0.00 2.98 2.10 2.65 1.32 0.78 4.75
PB x− 271.80b 50.00b 7.35b 166.67a 77.21b 698.78a 922.79b 25.44b 352.00b 298.31b 337.95b 141.79b 156.52ab 39.64b

SD 22.19 1.75 0.11 2.10 1.09 4.76 1.09 1.17 2.54 2.59 1.02 2.01 4.56 3.49
ZG x− 259.47ab 52.00b 8.77c 181.78b 84.50a 672.94b 915.50a 33.38c 324.63c 323.99c 378.60c 160.48c 163.51c 54.61c

SD 16.05 0.35 0.42 0.67 2.07 3.30 2.07 1.75 3.04 0.42 1.03 0.66 0.24 0.61
TA x− 262.61 54.37 7.52 169.65 78.87 689.60 921.13 17.88 373.50 303.00 341.49 144.09 158.91 38.49

SD 30.95 11.67 1.44 8.00 5.65 11.83 5.65 13.29 43.75 21.99 9.23 17.70 4.89 14.57
Different letters in the columns indicate significant differences. The mean difference is significant at the 0.05 level (Tukey Test). Abbreviations: DM-dry matter, 
CP-crude proteins, EE-crude fat, CF-crude fibre, Ah-ash, NFE-nitrogen free extracts, OM-organic matter, ST-starch, SG-sugar, ADF-acid detergent fibre,  
NDF-neutral detergent fibre, L-lignin, C-cellulose, H-hemicelluloses, SK-Slovakia, AT-Austria, GV-Green Veltliner, PB-Pinot Blanc, ZG-Zweigelt, TA-total 
average, x− mean, SD-standard deviation

Table 3: Nutrient composition of grape pomace (g·kg-1)
Variety DM CP EE CF Ah NFE OM ST SG ADF NDF L C H
SK GV x− 353.57a 100.43a 50.38a 157.81a 49.80a 641.57a 950.20a 20.56a 341.38a 269.76a 276.61a 182.03a 87.73a 6.85a

SD 0.15 0.29 0.58 1.19 1.89 3.30 1.89 0.96 3.33 2.50 0.52 0.70 1.80 1.99
PB x− 370.97b 105.44b 82.86b 180.97b 43.29b 587.44b 956.71b 41.87b 210.88b 347.75b 383.96b 250.70b 97.05b 36.21b

SD 0.06 2.21 1.15 1.19 0.24 3.60 0.24 0.80 1.28 2.71 2.60 3.09 5.05 5.30
ZG x− 393.70c 109.78c 100.87c 233.26c 60.45c 495.64c 939.55c 0.00c 4.73c 440.73c 529.55c 285.34c 155.39c 88.82c

SD 0.10 0.21 0.94 0.73 1.64 2.32 1.64 0.00 1.22 2.04 1.64 0.17 1.93 1.89
TA x− 372.74 105.22 78.04 190.68 51.18 574.88 948.82 20.81 185.67 352.75 396.71 239.36 113.39 43.96

SD 17.43 4.20 22.18 33.49 7.61 63.95 7.61 18.14 147.01 74.16 38.62 45.56 31.88 36.09
AT GV x− 327.00a 73.10a 30.59a 120.07a 45.50a 730.75a 954.50a 0.00a 542.02a 210.85a 221.64a 133.85a 77.00a 11.29ac

SD 2.79 0.67 0.17 2.93 1.33 4.81 1.33 0.00 3.39 2.53 0.84 2.18 4.71 1.68
PB x− 360.60b 89.45b 47.61b 171.04b 46.45a 645.45b 953.55a 0.00a 415.32b 292.90b 335.52b 184.14b 108.76b 42.62b

SD 7.15 1.13 0.61 1.37 1.24 3.74 1.24 0.00 3.16 0.42 1.05 1.79 2.09 1.33
ZG x− 384.10c 131.09c 64.57c 246.20c 70.79b 487.35c 929.21b 0.00a 12.45c 364.26c 381.29c 211.87c 152.39c 17.03a

SD 6.32 0.91 1.85 1.14 0.33 1.96 0.33 0.00 1.13 2.09 1.30 0.83 2.92 3.38
TA x− 356.00 104.84 53.92 206.37 56.03 578.84 943.97 0.00 250.58 322.42 342.50 198.10 124.32 20.08

SD 21.93 25.44 17.02 68.05 11.12 119.14 11.12 0.00 242.91 82.46 86.42 48.63 35.06 14.04
Different letters in the columns indicate significant differences. The mean difference is significant at the 0.05 level (Tukey Test). Abbreviations: DM-dry matter, 
CP-crude proteins, EE-crude fat, CF-crude fibre, Ah-ash, NFE-nitrogen free extracts, OM-organic matter, ST-starch, SG-sugar, ADF-acid detergent fibre,  
NDF-neutral detergent fibre, L-lignin, C-cellulose, H-hemicelluloses, SK-Slovakia, AT-Austria, GV-Green Veltliner, PB-Pinot Blanc, ZG-Zweigelt, TA-total 
average, x−-mean, SD-standard deviation
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CF, ADF, NDF and L compared to grape bunch and stem. 
However, the content of  NFE and SG in comparison with 
the grape stems and whole bunches was the lowest. The 
highest content of  DM in ZG (SK and AT) pomace was 
found. Moreover, the differences between PB pomace 
and GV pomace were significant (p<0.01) for all above 
mentioned analyses?. Furthermore, in ZG pomace (SK 
and AT) the highest amount of  CP was found. The CP 
concentration in PB and GV pomace compared to ZG 
pomace was lower (p<0.01). The amount of  EE was 
lower in GV compared with PB and ZG pomace in both 
countries. Moreover, the lowest content of  CF in GV (SK 
and AT) was also determined (p<0.01) compared to PB and 
ZG pomace. NFE concentrations were the highest in GV 
pomace (p<0.01) in comparison with PB and ZG in both 
countries. The highest concentrations of  ST in PB pomace 
were determined. However, in the case of  ZG pomace 
in SK and all varieties in AT no ST content was found. 
Large differences between SG concentrations in pomace 
were observed. Thus, GV pomace had the highest content 
of  SG, then PB pomace (p<0.01) and finally ZG pomace 
(p<0.01) in both countries. The highest concentrations of  
ADF, NDF, L, C and H in ZG pomace in both countries 
were found, except of  H in AT samples where the highest 
concentrations in PB pomace were detected.

Fig. 2 shows the comparison of  nutritive value of  grape 
bunch and wine by-products per kg OM. Thus, grape 
pomace had the lowest (p<0.01) ratio of  NFE (SK 60.56%; 
AT 65.57%), probably because of  lower content of  SG 
which gets lost during the grape pressing during wine 
production. Afterwards, the whole bunch had the highest 
(p<0.01) ratio of  NFE (SK 87.07%; AT 89.25%) but the 
lowest ratio of  CF (SK 7.71%; AT 6.16%) and CP (SK 
3.27%; AT 3.65%) (p<0.01). On the other side, grape 
pomace had significantly (p<0.01) the highest ratio of  
CP (SK 11.09%; AT 10.38%), EE (SK 8.23%; AT 5.05%) 
and CF (SK 20.12%; AT 19.00%). Then, the grape stem 
was characterised with balanced ratio of  CP (SK 8.37%; 
ATT 5.25%), CF (SK 18.67%; AT 18.78%) and NFE (SK 
71.56%; AT 75.19%), but there is slight content of  EE 
(SK 1.40%, AT 0.78%).

Fig. 3 shows fibre fractions recalculated per kg of  NDF. 
From this point of  view, on the one hand, grape pomace 
in SK had the highest (p<0.01) L proportion (61.66%), 
but the lowest (p<0.01) ratio of  C (28.78%) and H 
(9.56%). On the other hand, grape stem had the lowest L 
(45.36%; p<0.01) proportion. However, the grape stem 
had the highest (p<0.01) proportion of  C (40.32%) and 
H (14.32%). In AT, the highest proportion of  L (61.69%) 
and the lowest proportion of  C (30.56%) was found in 
grape bunch. Similarly, the lowest H proportion (7.42%) 
was determined in the grape pomace. The same results 

Fig 2. Chemical composition per kg OM. GV - Green Veltliner, PB - Pinot 
Blanc, ZG - Zweigelt, SK - Slovakia, AT - Austria, NFE - nitrogen free 
extract, CF - crude fibre, CP - crude proteins, EE - crude fat.

Fig 3. Proportion of fibre components per kg NDF. GV - Green Veltliner, 
PB - Pinot Blanc, ZG - Zweigelt, SK - Slovakia, AT - Austria, L - lignin, 
C - cellulose, H - hemicellulose.

in comparison with SK samples were found, thus in the 
grape stem the highest concentrations of  C (47.61%) and 
H (10.67%) were observed.

Fig 1. Grape bunch (A), stem (B), pomace (C) and laboratory samples 
(D) of grape by-products before analysisd.

A B

C D
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Higher antioxidant activity (Table 4) in grape stem in both 
countries in comparison with whole bunch (p<0.01) and 
pomace (p<0.01) was determined for ABTS. However, 
DPPH method did not show significant results between 
grape by-products in antioxidant activity in SK samples.

For protein precipitation, grape stem had lower values in 
both countries compared to bunch (p<0.01) and grape 
pomace (p<0.01). In contrast, in grape stem higher 
content of  total phenols in comparison with grape bunch 
(p<0.01) and pomace (p<0.01) in SK and AT samples was 
detected. The content of  condensed tannins between by-
products was almost the same. In grape pomace (Table 5), 
higher content of  C led to higher concentration of  CT 
(SK, r=1.00, p<0.01; AT, r=0.911, p>0.05) and DPPH 
(SK, r=0.941, p>0.05; AT, r=0.996, p<0.05). In grape stem, 
concentrations of  L are correlated to DPPH antioxidant 
activity (SK, r=0.994, p<0.05; AT, r=0.791, p>0.05) and 
CT content (SK, r=0.998, p<0.05; AT, r=0.934, p>0.05). 
Content of  TP in SK samples were strongly correlated to 
H content (r=0.988; p<0.05).

DISCUSSION

Nutritive value of  wine by-products depends on the 
technical processing of  wine production and may also exist 
differences caused by grape origin (Baumgärtel et al., 2007). 
According to several researches, the DM and OM 
content in grape pomace varied from 273 to 408 g·kg-1 
and 933 to 943 g·kg-1 respectively (Baumgärtel et al., 
2007; González-Centeno, 2010; Azevêdo et al., 2012), 
which was confirmed in the present study. In contrary, 
the content of  CP in the grape pomace varied from 77 
to 175 g·kg-1 (Peiretti et al., 2017; Russo et al., 2017). In 
comparison with our analysis was CP content in their 
found interval. After comparison of  EE concentration with 
Azevêdo et al. (2012) 74 g·kg-1, Zalikarenab et al. (2007) 
and Molina et al. (2008) 50 - 71 g·kg-1 in grape pomace 
higher or lower EE values except of  GV (SK) and ZG 
(AT) variety were determined. In contrary, CF content in 
grape pomace compared to Baumgärtel et al. (2007) was 
lower (199 - 312 g·kg-1) except of  ZG (S and A) variety. 
Then, the content of  Ah 62 - 79 g·kg-1 in experiments 

Table 4: Antioxidant activity, total phenols content, condensed tannins content and protein precipitation of grape by-products
ABTS (µmol·g-1) DPPH (µmol·g-1) TP gGAE·100g-1 CT g·100g-1 PP mg·CT-1

x− SD x− SD x− SD x− SD x− SD
Bunch 289.00a 103.96 265.90 100.14 2.46a 0.95 1.20 0.43 4.53a 1.00

SK Pomace 946.00b 244.60 441.18 166.58 6.33b 1.32 1.29 1.30 2.77ab 0.64
Stem 1094.85b 98.03 525.15 197.61 6.70b 0.60 1.30 1.10 1.99b 0.29
Bunch 271.16a 64.35 277.85a 36.54 1.56a 0.34 1.14 0.26 4.95a 0.63

AT Pomace 720.62b 129.65 563.70b 69.21 4.09b 0.99 1.79 1.23 2.21b 0.09
Stem 979.49b 169.14 770.85c 111.95 5.92c 0.63 2.27 1.40 1.88b 0.35

Different letters in the columns indicate significant differences. The mean difference is significant at the 0.05 level (Tukey Test). Abbreviations: ABTS-antioxidant 
activity according to ABTS method, DPPH-antioxidant activity according to DPPH method, TP-total phenols, CT-condensed tannins, PP-protein precipitation, 
SK-Slovakia, AT-Austria

Table 5: Relationships between fibre fractions and ABTS, DPPH, TP, CT and PP in grape pomace (bold numbers) and stem 
(italic numbers)

ABTS DPPH TP CT PP L C H
SK ABTS 0.582 0.908 0.242 -0.153 0.757 0.272 0.487

DPPH 0.530 0.869 0.930 0.715 0.972 0.941 0.994*
TP 0.977 0.337 0.626 0.275 0.961 0.650 0.808
CT 0.490 0.999* 0.293 0.922 0.817 1.000** 0.965
PP -0.332 0.624 -0.525 0.660 0.530 0.910 0.789
L 0.432 0.994* 0.231 0.998* 0.707 0.834 0.939
C -0.031 -0.864 0.182 -0.887 -0.932 -0.915 0.973
H 0.933 0.189 0.988* 0.143 -0.650 0.078 0.331

AT ABTS 0.805 0.991* 0.410 -0.801 0.557 0.750 -0.598
DPPH 0.884 0.719 0.871 -0.290 0.941 0.996* -0.006
TP 0.952 0.698 0.285 -0.874 0.442 0.654 -0.700
CT 0.058 0.519 -0.251 0.217 0.986 0.911 0.485
PP -0.959 -0.980 -0.826 -0.339 0.050 -0.204 0.959
L 0.412 0.791 0.113 0.934 -0.654 0.967 0.332
C 0.651 0.930 0.387 0.796 -0.840 0.960 0.082
H 0.372 0.763 0.070 0.948 -0.620 0.999* 0.947

ABTS-antioxidant activity according to ABTS method, DPPH-antioxidant activity according to DPPH method, TP-total phenols, CT-condensed tannins, PP-
protein precipitation, L-lignin, C-cellulose, H-hemicelluloses, SK-Slovakia, AT-Austria. Statistically significant relationship are marked with * (p<0.05) and  
** (p<0.01)
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of  Zalikarenab et al. (2007) and Molina et al. (2008) was 
higher in comparison with our findings except of  ZG (AT) 
variety. Corbin et al. (2015) found the content of  ST in the 
grape marc on the similar level from 27 to 40 g·kg-1 like in 
SK samples, but the concentrations of  NFE compared to 
our results were generally lower (314 g·kg-1 - 539 g·kg-1), 
except of  ZG variety in both countries. In the case of  
SG concentrations, variety of  ZG had lower content 
compared to their findings (148 - 430 g·kg-1), however 
SG content in another two varieties from Slovakia was in 
their mentioned interval but lower in comparison with GV 
variety from Austria. Then, Russo et al. (2017) reported in 
grape pomace similar content of  NDF 215 - 614 g·kg-1 
and ADF 173 - 561 g·kg-1, but their found intervals of  
NDF and ADF contents were compared to varieties in 
our research. In the GV (SK and AT) and PB (AT) variety 
lower concentrations of  L in comparison with Baumgärtel 
et al. (2007) (202 to 267 g·kg-1) were found. However, in 
another two varieties the content of  L was in their found 
interval. The content of  C in comparison with the research 
of  Zalikarenab et al. (2007) (80 - 90 g·kg-1) and Molina et al. 
(2008) (110 g·kg-1) was similar, but the higher concentrations 
of  C in the ZG variety in both countries were found. On 
the other side, lower content of  H in the GV (S and A) 
and ZG (AT) variety in comparison with Zalikarenab et al. 
(2007) (31 - 54 g·kg-1) and Molina et al. (2008) (89 g·kg-1), 
but another varieties had H content at the similar level.

The nutrient composition of  grape stem for use as animal 
feed was not well examined in literature up to now. Basalan 
et al. (2011) found in the grape stalk similar content of  
DM (314 g·kg-1) in comparison with ZG (SK) variety, but 
it was higher compared to ZG (AT), GV and PB variety. 
Similar results in the comparison with Spigno et al. (2013) 
in the case of  CP in grape stalks were found, where the 
concentrations of  CP from 37 to 97 g·kg-1 were examined. 
Then, the EE content in the comparison with Basalan et al. 
(2011) 12.2 g·kg-1 was the same and in the interval of  
Spigno et al. (2013) from 3 to 21 g·kg-1. Afterwards, the 
contents of  Ah from SK samples were in the interval of  
reported findings of  Peiretti et al. (2017) and Basalan et al. 
(2011) from 53.6 to 76.4 g·kg-1 but lower in comparison 
with AT samples. Similarly, Basalan et al. (2011) determined 
the ADF and NDF content in grape stem 324 g·kg-1 
and 433 g·kg-1, that is close to the concentrations in the 
PB (SK), GV (SK) and ZG (AT) variety in the case of  
ADF and like the ZG (SK) variety in the case of  NDF. 
Furthermore, Spigno et al. (2013) determined L, C and H 
content in the grape stalks where L content was from 173 
to 263 g·kg-1. Compared to their findings in the all varieties 
except of  ZG (SK) lower content of  L was found. Then, 
in their research the content of  C from 171 to 241 g·kg-1 
was determined. Similarly, all varieties had lower content 
of  C except of  GV (SK) in comparison with their findings. 

However, the content of  H from 43 to 64 g·kg-1 was similar 
in all examined varieties except of  GV (AT) and PB (AT).

The main classes of  phenols presented in red and 
white grapevine are hydroxycinnamic tartaric acids, 
hydroxybenzoic acids, flavonols, flavonols, anthocyanins 
and stilbenoids (Giuffrè, 2013; Reščič et al., 2016). In 
the case of  total phenols content, higher concentrations 
of  TP in comparison with Ky et al. (2014) (1.90 - 4.05 g 
GAE·100g-1) and Baumgärtel et al. (2007) (5,1 - 5,9 g 
GAE·100g-1) were found, except of  samples of  grape 
pomace in SK samples. In the research of  Rockenbach et al. 
(2011) was content of  TP similar (3.26 - 7.47 g GAE·100g-1) 
compared to our results except of  AT bunch. For another 
comparison, in grape seeds the similar content of  TP from 
3.66 to 8.87 g GAE·100g-1 and grape skin from 2.02 to 
5.23 g GAE·100g-1 were found (Baumgärtel et al., 2007). 
Furthermore, in grape stem the concentration of  TP in the 
interval of  Gonzáles-Centeno et al. (2012) was from 4.7 to 
11.52 g·100g-1. Llober and Cañellas (2007) found that TP 
content in grape stem is higher in comparison with grape 
pomace. In the case of  antioxidant activity ABTS and 
DPPH, compared to Rockenbach et al. (2011), higher ABTS 
(193.36 - 485.42 µmol·g-1) and DPPH (188.02 - 505.52 
µmol·g-1) activity in grape pomace in our results was found. 
After comparison of  ABTS (590 - 940 µmol·g-1) with Garau 
et al. (2015) higher grape stem antioxidant activity in our 
research was found. However, DPPH activity was in their 
found interval except of  A samples (480 - 610 µmol·g-1). 
Also, Ivanišová et al. (2018) found high antioxidant 
acitivity in grape samples with high content of  TP. Then, 
CT content in grape pomace was lower in comparison 
with González-Centeno et al. (2013) (5.08 - 9.21 g·100g-1) 
and also lower in grape stem in comparison with 
González-Centeno et al. (2012) (7.91 - 12.49 g·100g-1).

The high values of  linear correlation coefficients indicate 
that the phenolics were indeed the major contributor of  
the antioxidant activity (Candrawinata et al., 2014). Then, 
Aldred et al. (2009) said that tannins are in direct interaction 
with cellulose ant plant cell walls like lignin. NFE admixtures 
can decrease antioxidant activity owing to the possibility of  
hydrogen bonding of  their polar groups with lignin phenolic 
groups (Dizhibite et al., 2004). According to results of  
Zarei and Shawrang (2016) negative correlation between 
ADF, NDF and CT in pomegranate seed were found. 
Furthermore, Garau et al. (2015) found similar relationship 
between ABTS, DPPH and TP, CT, where higher antioxidant 
activity was in strong relationship with TP and CT content.

CONCLUSION

By-products from the winery production have average 
nutritional value because of  higher content of  lignin that 
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could be limiting factor for the digestibility. Generally, 
there are differences between the locations and cultivars. 
However, the results show that the grape pomace had high 
ratio of  CP, EE and CF with the still solid concentrations 
of  S except of  variety from red grape. Also, the grape 
pomace is source of  L, but there is low ratio of  C and H. 
The grape stem is characterised with balanced content of  
CP, CF and NFE with residual S after grape pressing, but 
there is low concentration of  EE. Also, grape stem has 
high concentration of  H and C. The highest antioxidant 
activity, content of  total phenols and condensed tannins 
are in the grape stem. However, the highest protein 
precipitation is in grape pomace. Then, higher content 
of  C leads to statistically significant higher concentration 
of  CT in grape pomace. Moreover, in grape stem, higher 
concentrations of  L lead to higher DPPH antioxidant 
activity and CT content. Afterwards, content of  TP is 
in strong relationship with H content. Finally, similar 
tendencies are in nutritional content, antioxidant activity, 
CT and TP of  wine by-products in the case of  comparison 
between Slovakia and Austria.
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