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Abstract 11 

BACKGROUND: This work aimed to study the chemical composition and in vitro 12 

digestibility of seeds and pulp from grape pomace. In sacco degradability, rumen 13 

fermentation of grape pomace fractions and plasma lipid peroxidation were also 14 

studied in sheep fed with or without grape pomace. 15 

 16 

RESULTS: Seeds and pulp fractions of grape pomace had different values for cell 17 

walls (523 vs. 243 g kg-1 dry matter (DM)), crude protein (CP, 104 vs.138 g kg-1DM), 18 

ether extract (EE, 99.0 vs. 31.7 g kg-1 DM), polyunsaturated fatty acids (69.6 vs. 53.3%) 19 

and extractable polyphenols (55.0 vs. 32.1 g kg-1 DM). The in vitro true digestibility, DM 20 

in sacco degradability and CP degradability in seeds and pulp were also different (0.51 21 

vs. 0.82; 0.30 vs. 0.45; 0.66 vs. 0.39). Ammonia-N concentration and total volatile fatty 22 

acids (VFA) in ruminal liquid were significantly lower, and plasma lipid peroxidation was 23 

also numerically lower in sheep that consumed grape pomace.  24 

 25 

CONCLUSION: The nutritive value of grape pomace varies, depending on the 26 

proportion of seeds and pulp. The interest of this by-product in sheep feeding could be 27 

related to its polyphenol and PUFA content, which could improve the meat and milk 28 

quality.  29 

 30 

Keywords: grape pomace, nutritive value, phenolic compounds, rumen degradation, 31 
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INTRODUCTION 34 

Winemaking has great social and economic importance in Spain.1 Grape 35 

pomace, consisting of peel, pulp and seeds, is the main residue produced in the wine 36 

industry. These by-products generate a serious environmental and economic problem 37 

in relation to their storage, processing and disposal. Red grape pomace undergoes a 38 

fermentation-maceration process in which polyphenols are transferred to the wine, 39 

although a high proportion still remains in the wine by-products.2 The phenolic 40 

compound content depends on the type of grape, the part of tissue considered, the 41 

grape cultivation conditions, the stage of maturity, and the winemaking process.3 42 

According to some authors, a major limitation of the use of grape pomace as 43 

ruminant feed is the presence of a high level of lignified fibre and secondary 44 

compounds, including phenolics such as tannins and anthocyanins,4 which can have 45 

potentially negative effects on digestive nutrient utilization. In contrast, it has been 46 

reported that tannins may also improve rumen metabolism by increasing protein supply 47 

to the small intestine owing to decreased ruminal degradability and by decreasing 48 

methanogenesis.5 Furthermore, several studies have shown that phenolic compounds 49 

possess antioxidant capacity, which could have beneficial effects on animal product 50 

quality.6 In addition, the presence of high amounts of linoleic and oleic acids reported in 51 

winery wastes7 may also have beneficial effects on meat and milk fatty acid profiles. 52 

Evaluation of the chemical composition, phenolic compounds, digestibility and 53 

ruminal degradability of seeds and pulp of red grape pomace obtained from winery by-54 

products is essential in order to evaluate the use of these by-products in ruminant 55 

feeding. 56 

The objective of the present work was to study the pulp and seeds of grape 57 

pomace derived from red wine produced in Castilla y León, by analysing their chemical 58 

composition and in vitro digestibility and the in sacco degradability of their nutrients in 59 

sheep. 60 

61 
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MATERIALS AND METHODS 62 

Grape pomace samples and chemical composition 63 

Six red wine wineries in Castilla y León (Spain) belonging to the most important 64 

Denominations of Origin in this area were selected, and 5 kg of representative fresh 65 

grape pomace samples (Vitis vinifera sp.) were collected. Samples were dried at 50 °C 66 

until constant weight and seeds were manually separated from the pulp plus skin 67 

fraction (hereafter referred to as ‘pulp’). The samples were ground to pass through a 1 68 

mm screen and frozen at −20 °C until chemical analysis. 69 

The chemical composition (dry matter, DM; organic matter, OM; ether extract, 70 

EE; and crude protein, CP) of each grape pomace fraction (seeds and pulp) were 71 

determined by standard methods.8 Neutral detergent fibre (NDF), acid detergent fibre 72 

(ADF) and acid detergent lignin (ADL) analyses were performed according to Van 73 

Soest et al.,9 using an ANKOM200 fibre analyser (Ankom Technology Corporation, 74 

Macedon, NY, USA). Sodium sulphite and heat-stable amylase were used in analysis 75 

of NDF, and both NDF and ADF were expressed inclusive of residual ash. Acid 76 

detergent insoluble crude protein (ADICP) was determined by Kjeldahl analysis of ADF 77 

residues and transformed into CP by multiplying by 6.25. 78 

 Lipid extraction from grape pomace (seed and pulp fractions) was performed 79 

according to Bligh and Dyer.10 Lipid extract was methylated following the method of 80 

Morrison and Smith,11 and the methyl esters were quantified using an Agilent 6890 N 81 

Network System gas chromatograph (Palo Alto, CA, USA). The gas chromatograph 82 

conditions have been described previously by Castro et al.12  83 

 For determination of phenolic compounds, samples of grape pomace fractions 84 

(seeds and pulp) were extracted by shaking at room temperature with methanol–water 85 

(50:50 vol/vol, 50 mL g-1 of sample for 60 min) and acetone–water (70:30 vol/vol, 50 86 

mL g–1 of sample for 60 min). After centrifugation (3000 × g, 15 min), supernatants 87 

were combined and used to measure the extractable polyphenols (EP), hydrolysable 88 

polyphenols (HP), condensed tannins (CT) and total anthocyanins (TA) by colorimetric 89 
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methods using a Perkin-Elmer Lambda 25 UV/VIS Spectrometer (Perkin Elmer, MA, 90 

USA). Extractable polyphenols were determined by the Folin–Ciocalteu procedure,13 91 

using gallic acid as standard at 760 nm. To determine the HP content, the methanol–92 

acetone–water extracts were hydrolysed by a methanol–H2SO4 treatment following the 93 

method of Hartzfeld et al.,14 and then phenolic content was determined in the 94 

hydrolysates using gallic acid at 760 nm.13 Condensed tannins were analysed by 95 

means of a HCl–butanol (5:95 vol/vol, 100 °C for 1.5 h) treatment of the methanol–96 

acetone–water extracts (modified method of Reed et al.15). Condensed tannin 97 

absorbance was determined at 550 nm and calculated according to Bate-Smith16
 and 98 

Ribéreau-Gayon and Stonestreet.17 Total anthocyanins were determined according to 99 

Ribéreau-Gayon and Stonestreet18 in extract from selected samples, using the 100 

bisulphite bleaching method at 520 nm.  101 

 Phenolic acids, stilbenes, flavonols and flavanols were quantified according to 102 

the methods of Del Álamo et al.19 and Gallego et al.20 Extraction of seed and pulp 103 

compounds from the previous methanol–acetone–water extracts were carried out using 104 

Waters Oasis HLB 200 mg cartridges (Milford, MA, USA). The analyses were 105 

performed using a Hewlett-Packard 1100 (LC-DAD) system (Avondale, PA, USA), 106 

equipped with Hypersil ODS column (200mm×4.6mm i.d., particle size 5µm). The 107 

chromatographic conditions were the following: 10µl injection volume; solvent A was 108 

water: acetic acid (98:2) and solvent B was acetic acid:acetonitrile:water (2:20:78) by 109 

volume. The flow rate was 1 ml min−1, with 100% A isocratic conditions for 55 min, with 110 

a linear gradient from 0 to 70% solvent B over 55 min. Simultaneous detection was 111 

allowed at 254, 280 and 340 nm, the UV-Vis spectra (scanning from 190 to 400 nm) 112 

were recorded for all peaks. Calibrations were carried out for each phenol from a stock 113 

solution with the twelve low molecular weight phenols, by dilution in a solution of 114 

synthetic wine (12% ethanol and 3.5 g L−1 tartaric acid) to different concentrations. 115 

Anthocyanins and other anthocyanin derivatives were determined from the previous 116 

methanol-acetone-water seed and pulp extracts. The separation was performed using 117 
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a Hypersorb Prontosil ODS column (250 mm x 4.6 mm i.d., particle size 0.45 μm) from 118 

Sugelabor (Madrid, Spain). The chromatographic conditions were the following: 30 ml 119 

injection volume; 0.8 ml min-1 flow-rate; eluent A was methanol; eluent B was 120 

methanol:water:formic acid (45:45:10), and eluent C was formic acid:water (15:85). 121 

Zero-time conditions were A:B:C (0:25:75); at 25 min the pump was adjusted to A:B:C 122 

(0:80:20) and kept at such for 10 min; at 38–43 min the conditions were A:B:C 123 

(100:0:0). Detection was allowed at 528 nm and quantification was carried out by 124 

means of the external pattern method and by measurement of each peak area. The 125 

results are related to malvidin-3-glucoside, in mg L−1. 126 

 127 

Degradation kinetics and ruminal fermentation 128 

 Eight healthy, non-pregnant, non-lactating Churra ewes (62.7 ± 5.81 kg), each 129 

fitted with a permanent rumen cannula (i.d. 35 mm), were used. The animals were 130 

housed in individual pens and had free access to water. They were fed at maintenance 131 

level (45 g DM kg LBW–0.75), in two equal meals at 8:00 and 17:00 h, with a total mixed 132 

ration (TMR) consisting of lucerne hay and concentrate in a ratio of 50:50. The ewes (4 133 

animals per treatment) were assigned randomly on the basis of live body weight to two 134 

dietary treatments (Table 1): a control treatment (CTRL, without grape pomace), and a 135 

grape pomace treatment (GP-75, 75 g kg-1 of grape pomace mix from all six red wine 136 

wineries, DM basis). The sheep were adapted to the diet for 10 days. Daily intake was 137 

recorded and there were no orts. All animal handling practices followed the 138 

recommendations of European Council Directive 2010/63/EU. The experimental 139 

procedures were approved by the Institutional Animal Care and Use Committee of the 140 

University of Valladolid (Spain).  141 

 Ruminal degradability of DM, OM and CP of grape pomace fractions (seeds and 142 

pulp) was measured in the eight ewes used in the study using the in sacco nylon bag 143 

technique described by Ørskov et al.21 Approximately 4 g samples, ground to pass 144 
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through a 2 mm screen, were weighed into nylon bags (70 mm × 130 mm, 50 μm pore 145 

size). Two bags per sample were incubated in the rumen of each ewe for 0, 3, 6, 12, 146 

24, 48 and 72 h. After each incubation period the nylon bags were rinsed under cold 147 

tap water, and then stored at −20 °C for at least 24 h to remove any microbial cells 148 

adhering to the particles. After defrosting, the bags were washed with cold water for 20 149 

min and dried for 48 h at 60 ºC. Zero time disappearance was obtained by washing 150 

unincubated bags in a similar way. Bag residues were analysed and DM, OM and CP 151 

degradation were estimated according to the exponential model of Ørskov and 152 

McDonald:22 Y = a + b (1 – e(–ct)). The values for disappearance of grape pomace 153 

fractions (DM, OM and CP) with time were fitted by non-linear regression using the 154 

NLIN procedure in the SAS 9.2 software package. The effective degradability (ED) was 155 

calculated assuming passage rates (k) in the rumen of 0.06 (ED6) h−1 as: ED = a + 156 

[bc/(c + k)].  157 

 On days 7 and 9 of the experimental period, rumen content was manually 158 

extracted through the cannula of all sheep before first feeding (0 h) and at 1, 3, 6 and 9 159 

h after feeding. Rumen fluid was strained through four layers of cheesecloth, and its pH 160 

value was measured immediately. Five mL of the rumen fluid was acidified with 5 mL of 161 

0.2 mol L−1 HCl for ammonia-N (NH3-N) determination. A further 0.8 mL of the rumen 162 

fluid was added to 0.5 mL of a deproteinising solution (20 g L−1 metaphosphoric acid 163 

and 4 g L−1 crotonic acid in 0.5 mol L−1 HCl) for volatile fatty acid (VFA) determination. 164 

All samples were stored at −20 ºC until analysis. Ammonia-N concentration in rumen 165 

fluid was determined as described by Weatherburn23 and VFA analyses were 166 

performed by gas chromatography,24 in both cases in centrifuged samples. 167 

In vitro true digestibility 168 

 In vitro true digestibility of seed and pulp samples from red grape pomace was 169 

determined by the procedure of Tilley and Terry25 modified by Goering and Van Soest26 170 

using a DaisyII incubator according to the methodology described by Ankom 171 

Technology Corporation (Macedon, NY, USA).27 The rumen inoculum was withdrawn 172 
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from the four Churra sheep that had been fitted with a rumen cannula for the CTRL 173 

treatment. Rumen fluid was transferred into pre-warmed (39 °C) thermal bottles and 174 

squeezed through four layers of cheesecloth under anaerobic conditions. The inoculum 175 

was a mixture (4:1 vol/vol) of rumen liquor and buffer solution consisting of buffer 176 

solution A (KH2PO4, 10.0 g L-1; MgSO47H2O, 0.5g L-1; NaCl, 0.5 g L-1; CaCl22H2O, 0.1 g 177 

L-1, and urea, 0.5 g L-1) and buffer solution B (Na2CO3, 15.0 g L-1 and Na2S7H2O, 1.0 g 178 

L-1). Portions weighing 0.5 ± 0.05 g were placed in F57 filter bags (Ankom Technology). 179 

Three bags per feedstuff were used in each assay. The bags were incubated with the 180 

inoculum in the DaisyII incubator at 39 ± 1 °C for 48 h under permanent agitation. After 181 

incubation the bags were rinsed thoroughly with cold tap water. Afterwards, the bags 182 

were placed in the ANKOM200 fibre analyser for determination of NDF in order to 183 

remove microbial debris and any remaining soluble fractions. In vitro true digestibility 184 

was calculated according to Ankom Technology Corporation.26  185 

 186 

 187 

Ewe plasma lipid peroxidation 188 

 On days 12 and 14 of the experimental period, ewes were blood sampled by 189 

jugular venipuncture 0, 3, 6 and 9 h after feeding in the morning. The blood samples 190 

collected in heparin tubes were immediately placed in ice and centrifuged (1600 × g, 10 191 

min, 4 °C). Then plasma was separated and stored at −80 °C. Lipid peroxidation was 192 

analysed in the plasma samples using the thiobarbituric acid-reactive substances 193 

(TBARS) Assay Kit provided by Cayman Chemical (Ann Arbor, MI, USA), according to 194 

the manufacturer’s instructions.  195 

 196 

Statistical analyses 197 

 Statistical analysis was performed using the SAS 9.2 software package. Data of 198 

the chemical composition of grape pomace fractions, in vitro true digestibility, ruminal 199 

fermentation and plasma TBARS were subjected to one-way analysis of variance using 200 
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the general lineal model (GLM) procedure which considered the effect of the dietary 201 

treatment (T; CTRL and GP-75). The LSD test was used to assess the significance 202 

between treatment means where the effect was significant. Degradability parameters 203 

were analysed according to a factorial model which considered the effect of the 204 

samples (S; seeds and pulp), the effect of the dietary treatment of cannulated ewes (T; 205 

CTRL and GP-75) and their interaction (S x T). For all statistical procedures, the 206 

statistical significance of differences was defined as P < 0.05 and trends as P < 0.10. 207 

 208 

RESULTS AND DISCUSSION 209 

Primary compounds and fatty acid composition 210 

 Dry matter content of whole grape pomace ranged from 240 to 637 g kg-1 which 211 

was close to the values obtained in other works28,29 and higher than the values reported 212 

by Balasan et al.30 and Baumgärtel et al.3 for pomace from red grapes. The pressure 213 

applied during the processing stage and the moment of collection in the winery affect 214 

evaporation losses and could explain differences in the moisture content of grape 215 

pomace reported in the literature. The proportion of seeds in the grape pomace ranged 216 

from 406 to 564 g kg−1 DM. These data are in the range obtained by Spanghero et al.29 217 

for grape pomace of red wines of other varieties; therefore, the type of red wine 218 

produced did not seem to affect the seed proportion.. 219 

 Grape pomace is of a lignocellulosic nature, with high cell wall (ranging from 220 

851 to 854 g kg-1 DM), ADF (ranging from 281 to 343 g kg-1 DM) and lignin (ranging 221 

from 163 to 232 g kg-1 DM) contents. As shown in Table 2, the NDF, ADF and ADL 222 

contents in the pulp fraction were 53, 57 and 79% lower than in the seed fraction. 223 

However, the in vitro true digestibility (P < 0.05) in pulp (ranging from 810 to 900 g kg-1) 224 

was higher than in seeds (ranging from 500 to 560 g kg-1), supporting the view that 225 

digestibility of grape pomace is mainly due to non-structural carbohydrates. The protein 226 

content of whole grape pomace ranged from 104 to 134 g kg-1 DM, and the proportion 227 
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of CP bound to fibre (ADICP) was lower (P < 0.05) in seeds than in pulp (104 vs. 138 g 228 

kg-1 DM and 13.8 and 24.5%, respectively). 229 

 The ether extract of whole grape pomace (ranging  from 56.4 to 73.3 g kg−1 DM) 230 

was within the range found in other studies.7 Grape pomace pulp has a lower content 231 

of EE than seeds (31.7 vs. 99.0 g kg–1 DM, P < 0.05). As shown in Table 2, in seeds 232 

the saturated fatty acids (SFA) content was lower (126 vs. 314 g kg-1 of total fatty acids, 233 

P < 0.05) and polyunsaturated fatty acids (PUFA) were higher than in pulp (696 vs. 533 234 

g kg-1 of total fatty acids, P < 0.05. One of the most commonly employed strategies for 235 

increasing the levels of healthy fatty acids in ruminant foods (meat and milk), such as 236 

rumenic  acid (RA) and n-3 polyunsaturated fatty acids (PUFAs) has been to increase 237 

their levels in the rumen by the use of feeds rich in linoleic and linolenic acids.31 The 238 

high PUFA concentration, especially the high proportion of linoleic acid found in the 239 

seed fraction (ranging from 673 to 708 g kg-1) and the pulp fractions (ranging from 343 240 

to 427 g kg-1) may suggest potential value for dietary inclusion with the objective of 241 

providing substrate for production of bioactive fatty acids in the rumen. In fact, in 242 

previous research32,33 it was reported that the inclusion of a variety of winery industry 243 

residues in ruminant feeding could be a good way of multiplying the levels of RA in milk 244 

fat. The proportion of C18:3 was higher (P <0.05) in pulp (ranging from 106 to 150 g kg-245 

1 of total fatty acids) than seeds (ranging from 5 to 6 g kg-1 of total fatty acids). Most 246 

seeds are not broken open during eating or rumination, and therefore the fatty acids of 247 

pulp fraction could be more useful than seeds to improved fatty acid profile in ruminant 248 

products.  249 

 250 

Phenolic compounds 251 

 Total phenolic levels in whole grape pomace (Table 2) were comparable to 252 

reported values obtained by Besharati and Taghizadeh.34 Extractable polyphenol 253 

content was much higher (P < 0.05) in seeds (ranging from 49.1 to 58.4 g kg–1 DM) 254 

than in pulp (ranging from 26.4 to 38.3 g kg–1 DM), which is in accordance with 255 
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Spanghero et al.29 Hydrolysable polyphenols content was slightly higher (P < 0.05) in 256 

seeds (ranging from 8.90 to 9.56 g kg–1 DM) than pulp (ranging from 7.0 to 8.5 g kg–1 257 

DM) . Some authors29 have indicated that grape by-products, especially their seeds, 258 

present high levels of CT content, which could have potentially negative effects on 259 

ruminal fermentation. In contrast, the pulp fraction has a lower level of fibre, with less 260 

lignin, and an overall reduction in tannin levels.4 This statement is in agreement with 261 

the present results, since CT content was higher in seeds (ranging from 69.2 to 116.0 g 262 

kg–1 DM) than in pulp (ranging from 14.1 to 26.7 g kg–1DM). These values are lower 263 

than those obtained by Molina-Alcaide et al.28 However, it should be noted that the 264 

samples analysed by those authors came from two different wineries and the authors 265 

did not specify the percentages of pulp and seeds in the samples, or the type of wine 266 

produced. In the present work, anthocyanin contents were much lower (P < 0.05) in 267 

seeds (ranging from 0.91 to 0.41 g kg–1 DM) than in pulp (ranging from 3.80 to 9.41 g 268 

kg–1 DM). The reason for these results is that grapes owe their colour to this pigment, 269 

which is mostly in their pulp and skins, colouring wine deep red or purple.3 270 

 The detailed profile of the seed and pulp phenolic compounds is given in Table 271 

3. The total content of phenolic acids was lower (P < 0.05) in seeds (ranging from 25.9 272 

to 64.1 g kg–1 DM) than in pulp (ranging from 82.5 to 206 mg kg–1 DM), syringic acid, 273 

vanillic acid and gallic acid being the major phenolic acids. Trans resveratrol stilbene 274 

was only detected in pulp (1.08 mg kg–1 DM, ranging from 0 to 3.82 mg kg–1 DM). The 275 

content of total flavonols did not differ between seeds and pulp (P > 0.05), but there 276 

was a notable difference in the content of quercetin flavonol in seeds (ranging from 277 

0.37 to 8.74 g kg–1 DM) and pulp (ranging from 0.09 to 4.00 mg kg–1 DM). The content 278 

of total flavanols was higher in seeds (ranging from 10.2 to 16.8 g kg–1 DM) than in pulp 279 

(ranging from 4.70 to 9.04 g kg–1 DM), because the catechin concentration was 280 

significantly higher (P < 0.05) in seeds. The main anthocyanins were anthocyanin 281 

derivatives, malvidin 3-O glucoside and petunidin 3-O glucoside, which is in agreement 282 

with Antoniolli et al.,35 and they were only detected in the pulp fraction.  283 
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The variability of our results is consistent with different studies29,36 witch quantified 284 

secondary compounds in grape seeds and skins. The differences between the contents 285 

of secondary compounds in seeds and pulp and the lower fibre level, with less lignin 286 

and less CT, suggest that pulp might have potential nutritive value for ruminant nutrition 287 

29 and might also be a potential source of antioxidant polyphenols, such as trans 288 

resveratrol stilbene and anthocyanins.2 If the seeds could be separated from the pulp 289 

and skin fraction, the latter may have potential as a ruminant feed and a natural source 290 

of antioxidants.  291 

 292 

Degradation kinetics and ruminal fermentation 293 

 The rumen degradation parameters (Table 4) of the whole grape pomace are 294 

within the range obtained by other authors.28,34 However, the rumen degradation of 295 

different fractions of grape pomace (seeds and pulp) has not been reported 296 

extensively. In our study, the DM effective degradability (ED) values were higher (P < 297 

0.05) in pulp (ranging from 421 to 474 g kg-1) than in seeds (ranging from 274 to 324 g 298 

kg-1) probably owing to their lower cell wall content and lignification as it has been 299 

reported previously for different lignocellulosic by-products.37 With regard to the CP 300 

degradability, PD and ED were significantly lower (P < 0.05) in pulp (ranging from 339 301 

to 447 g kg-1 CP) than in seeds (ranging from 615 to 697 g kg-1 CP) probably 302 

attributable to the higher proportion of CP bound to ADF content in the pulp (24.6 %) 303 

than in the seeds fraction (13.8 %), as previously mentioned. 304 

 The diet fed to the sheep (CTRL vs. GP-75) had minor effects on ruminal 305 

degradation parameters of DM, OM and CP. In spite of the presence in the diet of 306 

secondary compounds, such as tannins, the rate of protein degradation in the rumen 307 

did not decrease.5  Mean pH values (Figure 1) were lower for the CTRL diet (P < 0.05) 308 

than for the GP-75 diet (6.35 vs. 6.48). Changes in rumen pH are primarily determined 309 

by fermentation products, such as VFA and lactic acid, derived from carbohydrate 310 

fermentation, which were higher in CTRL ewes, as detailed later. The ammonia-N 311 
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concentration in ruminal liquid (Figure 1) was significantly higher (P < 0.05) in CTRL 312 

sheep. The energy:protein ratio was similar in the two experimental diets, and for the 313 

calculated value of non-degradable protein in rumen there were no great differences 314 

between treatments (740 vs. 729 g kg-1 of CP, for CTRL and GP-75, respectively). 315 

Therefore, the lower ruminal ammonia-N content (−33%) in GP-75 animals could be 316 

partially attributed to the presence of a high proportion of CP bound to the ADF of 317 

grape pomace. Moreover, the addition of tannins and other phenolics, could help to 318 

reduce proteolysis, degradation of peptides and deamination of amino acids, with a 319 

subsequent increase in amino acid flow to the small intestine, as has been reported 320 

when low or moderate levels of tannins are included in ruminant diets.38 The 321 

disappearance of DM, OM and CP did not seem to be negatively affected by the 322 

reduced ruminal ammonia concentration, probably because many rumen bacteria use 323 

not only ammonia-N but also peptides or amino acids.39  324 

 The experimental treatment (CTRL vs. GP-75) affected (P < 0.05) total VFA 325 

concentration and molar proportions of acetic acid, propionic acid, isobutyric acid, 326 

butyric acid, isovaleric acid and valeric acid in the rumen, with animals in the GP-75 327 

group showing lower values (Figure 2). Some authors have reported a reduction in the 328 

total VFA proportion in the presence of grape pomace,34 which could be due to the 329 

capacity of tannins to bind to fibre portions of the feed40 or to their inhibitory effect on 330 

microbial activity.41 There were no significant differences in acetate:propionate ratio 331 

between the two experimental treatments for any time. 332 

 333 

Ewe plasma lipid peroxidation 334 

 Inclusion of grape pomace in the diet did not significantly affect (P > 0.05) 335 

plasma TBARS (Figure 3), which is in agreement with Sgorlon et al.,42 who did not 336 

report differences in lamb plasma TBARS due to supplementation with 5.5 g day–1 of 337 

grape skin extract. In spite of the lack of significant differences, lower numerical 338 

TBARS values as a consequence of grape pomace supplementation accounted for 339 
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22%, 25% and 25% 3, 6 and 9 h after feeding compared with CTRL. In this regard, 340 

Gladine et al.43 reported that the inclusion of grape seed and peel extract improved the 341 

antioxidant status of sheep and reduced the susceptibility to lipid peroxidation of 342 

plasma. These results suggest that grape pomace may be a potential source of 343 

antioxidants which could be transferred directly or after metabolic transformation by 344 

rumen microbes to ruminant products. In vivo trials are needed to test the effect of the 345 

inclusion of this winery by-product in practical diets for ruminants on meat and milk 346 

quality. 347 

 348 

CONCLUSIONS 349 

Chemical composition, in vitro true digestibility and ruminal degradability results 350 

indicate that the nutritive value of grape pomace from red wine is variable, depending 351 

on the proportion of seeds and pulp. The results clearly indicate that pulp had the 352 

benefit of lower lignified fibre, higher digestibility and higher content of some 353 

polyphenols than seeds. The interest of this by-product in sheep feeding could be 354 

related to its polyphenol and linoleic acid contents which could have beneficial effects 355 

on meat and milk quality 356 
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Table 1. Ingredients and chemical composition of the experimental ewe diets. 482 

 483 
 Treatments1 

 CTRL GP-75 

Ingredients (g kg–1 DM)    

   Lucerne hay 499 462 
   Barley 202 187 
   Oats 202 187 
   Soybean meal 78.3 72.5 
   Vitamin-mineral premix  16.4 15.1 
   Sodium bicarbonate 2.20 2.00 
   Grape pomace from red wine - 75.0 

Composition (g kg–1 DM)   

   Dry matter (DM) 899 797 
   Organic matter  918 919 
   Neutral detergent fibre  361 362 
   Acid detergent fibre  238 244 
   Crude protein  184 179 
   Ether extract  28.6 31.9 
 484 
1 Treatments: CTRL, without grape pomace; GP-75, with 75 g kg-1 of grape pomace from red wine, DM 485 

basis. 486 
487 
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Table 2. Chemical composition and in vitro true digestibility of seeds and pulp of grape 488 

pomace from red wine. 489 

 490 
 Seeds Pulp 

RSD1 P. value 
 Mean  Mean  
Chemical composition (g kg–1 DM)       
    Organic matter  927  811  21.6 <0.001 
    Neutral detergent fibre  523  243  47.2 <0.001 
    Acid detergent fibre   454  193  32.8 <0.001 
    Acid detergent lignin  353  74.7  24.77 <0.001 
    Hemicellulose 2 68.9  50.0  21.72 0.163 
    Cellulose 3 101  118  12.1 0.033 
    Neutral detergent-soluble carbohydrates4 201  399  18.4 <0.001 
    Crude protein  104  138  14.6 0.003 
    Acid detergent insoluble crude protein 14.4  33.9  5.36 <0.001 
    Ether extract  99.0  31.7  6.6ME5 <0.001 
       
Fatty acid composition (g kg-1 of identified 
fatty acids) 

      

    C8:0 -  1.2  0.29 <0.001 
    C10:0 -  5.2  0.53 <0.001 
    C12:0 0.2  8.4  1.36 <0.001 
    C14:0 1.0  7.4  1.83 <0.001 
    C14:1 -  1.2  0.29 <0.001 
    C15:0 -  2.0  0.00 <0.001 
    C16:0 80.7  193  11.36 <0.001 
    C16:1 2.0  17.0  3.63 <0.001 
    C17:0 1.0  2.3  0.37 <0.001 
    C17:1 1.2  1.0  1.13 0.804 
    C18:0 39.7  56.2  2.57 <0.001 
    C18:1 172  127  12.0 <0.001 
    C18:2 690  402  24.6 <0.001 
    C18:3 5.2  125  11.0 <0.001 
    C20:0 2.0  13.8  1.30 <0.001 
    C20:1 3.2  7.2  5.69 0.251 
    C20:2 0.7  1.8  0.47 0.002 
    C20:3 -  3.0  0.00 <0.001 
    C20:4 -  1.3  0.37 <0.001 
    C22:0 1.0  15.7  1.39 <0.001 
    C22:1 -  0.5  0.39 0.049 
    C23:0 -  3.0  0.44 <0.001 
    C24:0 -  6.3  0.73 <0.001 
    Ratios 5       
            SFA 126  314  17.6 <0.001 
            MUFA 178  153  16.1 0.023 
            PUFA  696  533  26.4 <0.001 
            PUFA:SFA 5.55  1.71  0.253 <0.001 
       
Phenolic compounds (g kg–1 DM)       
    Extractable polyphenols  55.0  32.1  3.73 <0.001 
    Hydrolysable polyphenols   9.18  8.11  0.447 0.002 
    Condensed tannins  93.5  19.4  14.97 <0.001 
    Total anthocyanins  0.28  7.63  1.406 <0.001 
       
In vitro true digestibility (g kg-1 DM) 510  820  110.0 0.001 
 491 
1 RSD: residual standard deviation. 492 
2 Hemicellulose: NDF–ADF; 3 Cellulose: ADF–ADL; 4 Neutral detergent-soluble carbohydrates (NDSC): 493 

OM–EE–CP–NDF. 494 
5  SFA: saturated fatty acids; MUFA: monounsaturated fatty acids;  PUFA: polyunsaturated fatty acids. 495 

496 
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 497 
 498 
Table 3. Concentration of phenolic compounds in seeds and pulp of grape pomace 499 

from red wine. 500 

 501 
 Seeds Pulp 

RSD1 P. value 
 Mean  Mean  
Non-flavonoids       
  - Phenolic acids       
      . Cinnamic acids       
            Caffeic acid -  -  - - 
            Chlorogenic acid -  6.75  5.330 0.053 
            p-Coumaric acid  -  -  - - 
            Sinapic acid -  -  - - 
            Ferulic acid -  -  - - 
      . Benzoic acids       
            Gallic acid  4.94  23.5  16.61 0.081 
            Gentisic acid -  -  - - 
            Ellagic acid 0.48  2.61  2.098 0.109 
            Syringic acid 16.8  54.7  7.93 <0.001 
            Vanillic acid 0.24  30.0  6.90 <0.001 
            Protocatechuic acid 12.3  4.45  12.358 0.299 
        Total phenolic acids 34.7  122  33.20 0.001 
  - Stilbene       
      . Trans resveratrol -  1.08  1.130 0.130 
Flavonoids        
  - Flavonols       
      . Quercetin * 3.62  1.10  2.973 0.173 
      . Kaempferol 0.11  1.67  2.131 0.233 
      . Myricetin -  5.09  5.499 0.140 
      . Total flavonols * 3.62  1.11  2.973 0.174 
  - Flavanols       
      . Catechin * 12.3  6.79  2.204 0.002 
      . Epicatechin 2.18  9.79  2.775 0.001 
      . Total flavanols * 12.3  6.80  2.202 0.002 
  - Anthocyanins       
      . Delphinidin 3-O-glucoside -  217  74.9 0.001 
      . Cyanidin 3-O-glucoside -  13.2  8.82 0.027 
      . Petunidin 3-O-glucoside -  269  78.8 <0.001 
      . Peonidin 3-O-glucoside 0.34  60.0  24.89 <0.001 
      . Malvidin 3-O-glucoside 13.2  977  256.4 <0.001 
      . ∑ Anthocyanin derivatives * -  3.36  1.409 0.002 
      . Total anthocyanins * 0.01  4.90  1.695 0.001 
 502 
* g kg–1 DM. 503 
1 RSD: residual standard deviation. 504 
 505 

506 
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Table 4. Effect of experimental ewe diets on ruminal degradation profiles of grape 507 

pomace from red wine.  508 

 Treatments1  
RSD2 

P. value3 
 CTRL GP-75 
 Seeds   Pulp Seeds  Pulp S T  S x T 
Dry matter          
    a (g kg-1) 199  401 191 381 5.0  <0.001 0.024 0.280 
    b (g kg-1) 197  301 214 296 46.0 0.079 0.900 0.815 
    c (h–1) 0.06      0.01    0.07   0.03    0.010 0.001 0.299 0.700 
    PD (g kg-1) 396  702 405 677 41.8 <0.001 0.852 0.695 
    ED6 (g kg-1) 299  446 306 449 10.9 <0.001 0.685 0.887 
          
Organic matter           
    a (g kg-1) 186  347 178 324 6.5 <0.001 0.038 0.277 
    b (g kg-1) 202  317 221 249 29.5 0.041 0.426 0.175 
    c (h–1) 0.07  0.01 0.07 0.04 0.010 0.003 0.225 0.387 
    PD (g kg-1) 388  665 399 572 24.7 <0.001 0.136 0.071 
    ED6 (g kg-1) 292  400 297  410 11.5 <0.001 0.527 0.836 
          
Crude protein          
    a (g kg-1) 372  320 246 269 81.9 0.862 0.311 0.659 
    b (g kg-1) 431  478 594 326 86.3 0.235 0.948 0.106 
    c (h–1) 0.11  0.01 0.14 0.05 0.020 0.001 0.129 0.723 
    PD (g kg-1) 804  698 840 595 58.5 0.017 0.587 0.267 
    ED6 (g kg-1) 655  379 658  408 17.2 <0.001 0.399 0.470 

1 Treatments: CTRL, without grape pomace; GP-75, with 75 g kg-1 of grape pomace from red wine, DM 509 
basis. 510 

2 RSD: residual standard deviation. 511 
3 Probability of significant effects due to sample, seeds or pulp (S), dietary treatment (T) and interaction 512 

effects (S x T). 513 
a, soluble fraction; b, potentially degradable insoluble fraction; c, rate of degradation of b fraction; PD, 514 

potential degradability; ED6, effective degradability = a + [bc/(c + k)], where k = 0.06 h–1. 515 
516 
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 520 
 521 

Figure 1. Effect of experimental ewe diets (CTRL, without grape pomace; GP-75, with 522 

75 g kg-1 of grape pomace from red wine, DM basis) on ruminal pH (a) and ammonia-N 523 

concentration (b) at different times after feeding. Different small letters mean significant 524 

differences (P < 0.05) between treatments within time. The error bars represent 525 

standard error. 526 

527 
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 530 

Figure 2. Effect of experimental ewe diets (CTRL, without grape pomace; GP-75, with 531 

75 g kg-1 of grape pomace from red wine, DM basis) on volatile fatty acid 532 

concentrations at different times after feeding. Different small letters mean significant 533 

differences (P < 0.05) between treatments within time. The error bars represent 534 

standard error.  535 

536 
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 540 
Figure 3. Effect of experimental ewe diets (CTRL, without grape pomace; GP-75, with 541 

75 g kg-1 of grape pomace from red wine, DM basis) on plasma MDA (μM) at different 542 

times after feeding. The error bars represent standard error. 543 
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