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Abstract: The increasing amount of waste generated by the agricultural industry, especially in the wine sector, poses 
environmental and economic challenges. This issue is particularly pressing as the global population is projected to 
reach 8.5 bln by 2030, which will further exacerbate solid waste management problems. Therefore, a study was 
conducted to investigate the possibility of using grapevine leaves as an alternative animal feed ingredient. The aim of 
the present study was to analyse the chemical composition of the leaves of four grape varieties, ‘Regent’, ‘Rondo’, 
‘Seyval Blanc’ and ‘Solaris’, in the context of their potential use as animal feed. The results indicated that grapevine 
leaves are a valuable source of protein, fibre and micro- and macronutrients, with the content of these components 
differing significantly between varieties. The leaf yield per hectare ranged from 6.08 to 8.78 Mg, with ‘Solaris’ 
yielding significantly the highest biomass among the studied cultivars. The analysis also revealed significant 
differences in the content of amino acids such as cystine, glycine, valine, tryptophan and threonine, as well as in the 
content of minerals, starch and neutral detergent fibre. The results obtained highlight the variation in nutritional 
value of grapevine leaves between varieties, suggesting the possibility of selective use depending on the nutritional 
needs of the animals. Utilizing such by-products supports a circular economy model and reduces the negative 
environmental impact of wine production.  
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INTRODUCTION 

The increase in global solid waste production is the result of rapid 
population growth, intensive urbanisation, increasing demand for 
agricultural products and the development of the industrial 
sector. By 2030, the Earth’s population is projected to increase to 

8.5 bln and the amount of solid waste generated will reach 
2.59 bln Mg. This will further exacerbate environmental and 
climate problems (Peng et al., 2023). The concept of environ-
mental protection is being taken into account in almost all areas 
of development, including agricultural waste management plan-
ning based on the principles of a closed-loop economy, guided 
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primarily by the words ‘waste as a resource’. This waste can be 
used to produce, among other things, food, promoting innovation 
and at the same time protecting the environment (Josimović 
et al., 2021), while improving the current situation and creating 
new products for animal feed (Ajila et al., 2012). The inadequate 
management of waste from the agri-food industry is causing 
global economic concern (Costa et al., 2023). This drastic increase 
in waste from agricultural activities and the food industry is 
forcing the development of integrated waste management 
technology and improved sustainability footprints (Rasool et al., 
2023). 

With a harvest of more than 78 mln Mg in 2020, grapes rank 
among the most widely grown types of fruit in the world (FAO, 
2022). A large amount of waste from wine production is dumped 
on open land, causing environmental and economic problems, 
posing a challenge for the sector (Kalli et al., 2018). With 
increasing calls from various institutions to introduce greener 
cultivation methods, it becomes crucial to add value to 
production waste from the agricultural sector (Maia et al., 
2021). The wine industry generates significant amounts of waste 
and by-products, which raises environmental challenges. These 
residues are a source of bioactive secondary compounds, 
including phenols, which exhibit bacteriostatic and bactericidal 
properties (Silva et al., 2021). Vines are used, for example, as an 
ingredient in potato silage for cattle feed (Deng et al., 2023). Vine 
stems and leaves are partially removed before flowering and 
during growth to facilitate grape harvesting and improve fruit 
quality parameters. In addition, vines naturally shed their leaves 
as they go into winter dormancy, generating additional organic 
waste in the form of fallen leaves. 

Vine leaves, which are by-products of cultivation pro-
cesses, have antioxidant activity that is ten times greater than that 
observed in the juice or grape pulp. The use of extracts from these 
leaves in the treatment of diseases, as well as their consumption in 
fresh or processed form, offers an important health benefit, 
without introducing into the body the alcohol inherent in wine or 
the additional sugars typical of grape juice. This peculiarity of the 
use of grape leaves highlights their additional value compared to 
other by-products of the plant (Lacerda et al., 2016). They are 
a valuable and cheap source of bioactive compounds, especially 
phenolic compounds (Moldovan et al., 2020). 

The growing global demand for alternative sources of 
protein and energy is fostering research into innovations in 
animal nutrition. Additionally, a key prerequisite for the use of 
alternative ingredients in this sector is their safety. Available data 
show that products meeting the criteria of the main feed and food 
authorities are characterised by high quality and safety standards 
(Pinotti et al., 2019). Today, grapevine leaves are common in the 
diet of several Mediterranean countries and numerous studies 
indicate the high value of this raw material in the cosmetic, 
pharmaceutical, food and, most importantly, as a functional food 
ingredient (Maia et al., 2021). Although vine leaves are 
considered a delicacy in many regions, in others they are 
considered waste (Lima et al., 2016).The increase in demand for 
animal products in the future will result in significant animal feed 
needs. Meeting these needs will be challenging due to limited 
natural resources such as land and water. The use of leftovers and 
wastes as a source of feed can help meet the feed shortages that 
exist in many developing countries. Additionally, their use in 
animal nutrition will enable the reintegration of these ingredients 

into the human food chain (Wadhwa, Bakshi and Makkar, 2015). 
Population growth and rising standards of living in both 
developed and developing countries across the planet are 
predicted to generate a global demand for meat of 1,250 mln 
Mg per year by 2050 (Ritala et al., 2017). With numerous studies 
confirming the high value of grape leaves in human nutrition, it is 
encouraging to explore the potential of this raw material in 
animal nutrition. Grape by-products can be used in the feeding of 
monogastric animals as a way to reduce the costs associated with 
traditional feedstuffs such as maize or soybean meal (Alfaia et al., 
2022). Especially bearing in mind that many vineyards are 
additionally engaged in oenotourism, which is very popular 
worldwide, but mainly aimed at adults. It would be worth 
considering extending their offer to include typical agro-tourism 
attractions associated with animal husbandry, which could be 
potentially partly fed on organic waste from the vineyard and also 
provide attractions for children visiting these farms with their 
carers. The removal of leaves from the plantations is also very 
beneficial from a phytosanitary point of view reducing the 
pressure of pathogens and pests, as well as providing a potential 
opportunity for the eventual sale of this raw material to livestock 
farmers, increasing the vineyard’s income. All this fits perfectly 
with the assumptions of integrated plant production, closed-loop 
farming and the reduction of the negative effects of wine sector 
production on the environment. 

The main objective of this work was to identify differences 
in the chemical composition of the leaves of four grapevine 
varieties and to analyse the potential use of this raw material in 
animal feed. 

MATERIALS AND METHODS 

The experiment was conducted in 2023 at the Nobilis Winery 
(50°39'N; 21°34'E) located in the south-eastern part of Poland, in 
the Sandomierska Upland. Own-rooted vines of the studied 
varieties were planted in spring 2010 on loess soil at a spacing of 
1.0–2.0 m (5000 units per ha). Thirteen-year-old vines of four 
varieties were included in the study: ‘Regent’, ‘Rondo’, ‘Seyval 
Blanc’ and ‘Solaris’. Plants were managed as a single Guyot twine, 
with a perennial trunk 40 cm high and one arm about 0.9 m long, 
which was replaced annually. The following parameters were 
analysed: the weight of leaves per bush was determined, and this 
parameter was then presented per area of 1 ha. In autumn, after 
the fruit was harvested, the leaves were collected separately for 
50 plants of each variety, and their weight with petioles was 
determined by weighing them on an AXIS A250 electronic 
balance with an accuracy of 0.001 kg. 

After weighing, the leaves were dried in a laboratory dryer at 
105°C to a moisture content of no more than 10%. This was 
followed by grinding of the dried material. After grinding, the leaf 
material was analysed by NIRS (Near Infrared Spectroscopy) 
using the NIR Flex N-500 ready calibration for roughage 
evaluation from INGOT. The NIRS method is based on the 
evaluation of the absorption intensity of a laser light beam by 
specific chemical compounds. Each is characterised by the 
absorption of said radiation in a specific spectral range (Gąsior, 
2013) On the basis of the degree of absorption of the beam in 
a specific range, the percentage content in the tested sample is 
determined. 

© 2026. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences – National Research Institute (ITP – PIB). 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/) 

10 Tomasz Horaczek et al. 



RESULTS AND DISCUSSION 

The weight of vine leaves on an area of 1 ha, oscillated between 
approximately 6.08 Mg and 8.78 Mg. The lowest leaf yield was 
obtained from the ‘Seyval Blanc’ cultivar, while significantly the 
highest from the ‘Solaris’ cultivar. Statistical analysis showed that 
leaf weight per hectare in the grapevine cultivars ‘Seyval Blanc’, 
‘Regent’ and ‘Rondo’ did not differ significantly between them. 
In a study by Kapłan, Maj and Klimek (2023), grapevine leaf 
mass on an area of 1 ha for the ‘Regent’ cultivar, depending on 
the rootstock used, oscillated between 7.1 and 9.0 Mg∙ha−1 

(Fig. 1). 
Moisture levels in all varieties were very similar, ranging 

from 10.26% in ‘Rondo’ to 11.24% in ‘Regent’, indicating that 

there were no significant differences in water content between 
varieties (Tab. 1).              

Fig. 1. Leaf mass of the tested grapevine cultivars on an area of 1 ha (Mg); 
source: own study 

Table 1. Chemical composition and nutrient content in leaves of selected grape varieties 

Sample ‘Regent’ ‘Rondo’ ‘Seyval Blanc’ ‘Solaris’ p-value 

Moisture (%) 11.24 ±0.77A 10.26 ±0.88A 10.34 ±0.65A 11.16 ±2.42A 0.0882 

Fat (%) 5.79 ±0.98A 5.23 ±1.19A 4.83 ±1.26A 5.52 ±1.00A 0.2785 

Protein (%) 18.03 ±0.86A 17.68 ±0.57A 16.19 ±0.76AB 12.51 ±0.66B 0.0186 

Ash (%) 20.48 ±0.71B 16.54 ±0.72C 22.81 ±0.28A 18.39 ±1.01B <0.0001 

Fibre (%) 13.54 ±2.22A 11.08 ±1.87B 13.32 ±1.38A 13.55 ±2.14A 0.0027 

Acid insoluble ash (%) 5.46 ±1.15A 4.28 ±1.22A 5.58 ±1.32A 9.68 ±0.86A 0.6092 

Alanine (%) 0.40 ±0.08A 0.80 ±0.41A 0.78 ±0.08A 0.41 ±0.17A 0.2007 

Arginine (%) 2.34 ±29.83A 1.74 ±27.5A 2.23 ±28.92A 3.02 ±31.84A 0.2226 

Aspartic acid (%) 3.58 ±2.67A 2.93 ±1.4A 3.21 ±1.46A 4.57 ±2.95A 0.2971 

Cystine (%) 0.53 ±0.45A 0.46 ±0.9B 0.44 ±0.99B 0.26 ±0.90C <0.0001 

Glutamic acid (%) 0.77 ±0.14A 0.88 ±0.41A 0.65 ±0.05A 0.82 ±0.47A 0.3014 

Glycine (%) 0.98 ±1.69B 1.19 ±1.45AB 1.26 ±1.41A 1.00 ±1.89B 0.0030 

Hystidine (%) 0.86 ±14.51A 0.57 ±17.84A 0.76 ±16.11A 0.66 ±13.39A 0.5511 

Isoleucine (%) 0.71 ±0.36A 0.72 ±1.00A 0.28 ±0.26A 1.01 ±0.55A 0.1123 

Leucine (%) 2.22 ±0.29A 1.87 ±0.11A 1.38 ±0.15A 2.14 ±0.17A 0.2211 

Lysine (%) 1.15 ±1.49A 1.22 ±1.18A 1.32 ±0.90A 0.86 ±1.24A 0.1106 

Methionine (%) 0.08 ±1.45B 0.41 ±1.19A 0.08 ±1.02B 0.17 ±1.11AB 0.0031 

NDF (%) 29.83 ±0.32B 27.50 ±0.19C 28.92 ±0.22B 31.84 ±1.57A <0.0001 

Phenylalanine (%) 2.67 ±0.33A 1.40 ±0.22A 1.46 ±0.39A 2.95 ±1.61A 0.0721 

Phosphorus (%) 0.45 ±0.6A 0.90 ±0.58A 0.99 ±0.64A 0.90 ±5.94A 0.1701 

Proline (%) 0.14 ±1.51B 0.41 ±1.01A 0.05 ±1.09B 0.47 ±1.31A <0.0001 

Serine (%) 1.69 ±0.44A 1.45 ±0.24A 1.41 ±0.17A 1.89 ±2.22A 0.3941 

Starch (%) 14.51 ±0.58BC 17.84 ±0.48A 16.11 ±0.60AB 13.39 ±14.64C <0.0001 

Threonine (%) 0.36 ±0.06BC 1.00 ±0.10A 0.26 ±0.03C 0.55 ±0.83B <0.0001 

Tryptophan (%) 0.29 ±0.04A 0.11 ±0.03B 0.15 ±0.03AB 0.17 ±2.05AB 0.0163 

Tyrosine (%) 1.49 ±0.06A 1.18 ±0.09A 0.9 ±0.05A 1.24 ±3.07A 0.1166 

Valine (%) 1.45 ±0.02A 1.19 ±0.02AB 1.02 ±0.02B 1.11 ±0.07B 0.0022  

Explanations: A–C = differences between averages shown with different letters in the same column are significant (p < 0.05). 
Source: own study. 
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Similarly, fat content showed no significant variation 
between varieties, with values ranging from 4.83% in ‘Seyval 
Blanc’ to 5.79% in ‘Regent’ (Tab. 1). Tayer, Nobakht and Pishjang 
(2012) showed a vine leaf fat content of 7.47%, while Abbas and 
Khayoon (2021) showed 6.79%. 

A significant difference was found in the protein content for 
leaves, the leaves of ‘Solaris’ (12.51%) had a significantly lower 
content of this component than ‘Regent’ (18.03%), in which the 
level of this parameter was not significantly different from the 
other varieties tested. Kocadayıoğulları, Boğa and Ermetin (2024), 
showed a protein content for grapevine leaves of 12.83%, and for 
leaves of other species mulberry, apple, apricot and cherry, 
respectively 13.09, 11.25, 10.99 and 10.33%. In the case of a study 
by Abbas and Khayoon (2021), the protein content for grapevine 
leaves was 20.30% and for seeds 12.30%. 

Significant differences in ash content were detected, with 
‘Seyval Blanc’ showing significantly the highest content (22.81%) 
and ‘Rondo’ significantly the lowest (16.54%). In a study by 
Kazemi and Bezdi (2021), the ash content for grapevine leaves 
was 88.6 g∙kg−1 dry matter (DM), while in a study by 
Kocadayıoğulları, Boğa and Ermetin (2024) it was 9.47%. In the 
case of the study by Abbas and Khayoon (2021), the ash content 
of grapevine leaves was 15.76% and for seeds 3.15%. On the 
other hand, Tayer, Nobakht and Pishjang (2012) showed an even 
lower level of ash in grapevine leaves at 9.53%. 

Cystine, from the endogenous amino acid group, showed 
significant variability, with the lowest concentration in leaves of 
the ‘Solaris’ cultivar (0.26%) and significantly highest in ‘Regent’ 
(0.53%). Leaves of the ‘Regent’ variety also had the highest valine 
content (1.45%), also included in the endogenous amino acid 
group. The lowest levels of this amino acid were found in leaves 
of the ‘Seyval Blanc’ (1.02%) and ‘Solaris’ (1.11%) cultivars. In the 
case of glycine, which is a protein amino acid, its content was 
significantly highest in the Seyval ‘Blanc cultivar’ (1.26%) and 
lowest in the ‘Regent’ (0.98%) and ‘Solaris’ (1.00%) cultivars. 
However, for another protein amino acid (threonine), the leaves 
of the ‘Seyval Blanc’ variety were characterised by the lowest value 
of this amino acid at 0.26%. In contrast, the ‘Solaris’ variety 
showed the highest value for this parameter (1.00%). Also for 
tryptophan, belonging to the same group of amino acids, 
a significant effect of cultivar on its content in leaves was shown, 
oscillating between values of 0.11% (‘Rondo’) and 0.29% 
(‘Regent’). A significant effect of cultivar was shown for proline 
(α-amino acid) content, with the lowest values for ‘Seyval Blanc’ 
(0.05%) and ‘Regent’ (0.14%) and the highest values for ‘Rondo’ 
(0.41%) and ‘Solaris’ (0.47%). The leaves of the varieties also 
differed significantly in the content of the protein amino acid 
methionine, with the highest content found in the ‘Rondo’ variety 
(0.41%) and the lowest for the ‘Regent’ and ‘Seyval Blanc’ varieties 
at 0.08%. The glycine content also, depended on the variety and 
ranged from 0.98% (‘Regent’) to 1.26% (‘Seyval Blanc’). Analysis 
of the other amino acids showed no statistically significant 
differences between varieties. The maximum values for these 
amino acids were, alanine (0.80%), arginine (3.02%), histidine 
(0.86%), isoleucine (1.01%), leucine (2.22%), lysine (1.32%), 
phenylalanine (2.95%), serine (1.89%), tyrosine (1.49%), aspartic 
acid (4.57%) and glutamic acid (0.82%). For soybean meal, which 
is considered one of the most valuable sources of amino acids in 
animal nutrition, Chen et al. (2010), showed contents for 
individual amino acids at, aspartic acid (5.43%), threonine 

(1.83%), serine (2.09%), glutamine (8.26%), proline (2.38%), 
glycine (1.71%), alanine (2.01%), valine (2.17%), methionine 
(0.66%), isoleucine (2.09%), leucine (3.58%), tyrosine (1.75%), 
phenylalanine (2.38%), histidine (1.26%), lysine (2.87%), arginine 
(3.41%). Significant differences in fibre content were found 
between the varieties, with ‘Solaris’, ‘Regent’ and ‘Seyval Blanc’ 
not significantly different (13.55%), while ‘Rondo’ showed the 
lowest fibre value (11.08)%. Tayer, Nobakht and Pishjang (2012) 
found a fibre content of 2.51% in grape leaves in their study, while 
Abbas and Khayoon (2021) found a fibre content of 20.15%. 
Among the dietary strategies that can directly influence animal 
resistance, diets with reduced protein content, supplementation 
with amino acids, including functional amino acids, and 
adjustment of dietary fibre levels and sources are of particular 
importance (Rodrigues et al., 2022). 

The leaves of the ‘Rondo’ variety contained significantly the 
most starch (17.84%), while the least was shown in the ‘Solaris’ 
variety (13.39%), highlighting how variable the nutritional 
profiles of different grape varieties can be. For maize, which is 
one of the most common sources of starch, its value according to 
a study by Shi et al. (2024) is 72.63% on a dry matter basis. For 
the neutral detergent fibre (NDF) parameter, values oscillated 
between 27.50% (‘Rondo’) and 31.84% (‘Solaris’), indicating 
significant differences between varieties. In the case of alfalfa hay, 
characterised by a high NDF value, Jiao et al. (2022) showed it at 
56.45%. Statistical analysis showed no effect of cultivar on 
phosphorus content, whose value ranged from 0.45 to 0.99% 
(Tab. 1). 

The analysis showed significant differences between the 
leaves of the grape varieties in the content of all macro- and 
micronutrients. The nitrogen content of the ‘Regent’ (2.42%) and 
‘Rondo’ (2.01%) cultivars was significantly higher than that of the 
‘Solaris’ cultivar (1.60%). For potassium and iron, the ‘Seyval 
Blanc’ variety had the lowest amount of these elements in the 
leaves (0.83% and 149.10 ppm, respectively) and the ‘Solaris’ 
variety the highest (1.46% and 211.00 ppm). Phosphorus content 
was lowest in the leaves of the ‘Regent’ cultivar (0.21%) and 
highest for the ‘Solaris’ cultivar (0.21%), while in the case of 
copper, significantly the lowest level of this element in the leaves 
was found in the ‘Seyval Blanc’ cultivar (204.79 ppm) and the 
highest in the ‘Solaris’ cultivar (562.10 ppm). 

The varieties ‘Regent’, ‘Rondo’ and ‘Seyval Blanc’ had the 
same sodium content (0.01%), while the variety ‘Solaris’ had the 
highest content of this micronutrient (0.02%). The value of 
magnesium for ‘Rondo’, ‘Seyval Blanc’ and ‘Regent’ i varieties was 
0.72, 0.67 and 0.64% respectively, while the significantly lowest 
value, compared to these three varieties, was shown for the 
‘Solaris’ variety (0.50%). The significantly highest leaf manganese 
content was shown in the ‘Solaris’ and ‘Regent’ cultivars 
(561.22 ppm, 524.36 ppm), while the significantly lowest in the 
‘Seyval Blanc’ cultivar (352.68 ppm). The difference in zinc 
content was significantly lower in the ‘Regent’ (67.62 ppm) and 
‘Seyval Blanc’ (64.74 ppm) varieties, while it was significantly 
highest in the ‘Rondo’ (82.39 ppm) and ‘Solaris’ (79.00 ppm) 
varieties. These findings highlight the complex interactions 
between grapevine genetics and their nutritional profiles, offering 
insights into their suitability for use in animal nutrition (Tab. 2.) 
Kazemi and Bezdi (2021), showed the content of individual 
minerals for grapevine leaves to be 26.5 Ca, 3.27 K, 3.66 Mg, 
Na 0.79 (g∙kg−1 DM), Fe 107, Mn 104, Zn 21.9 (mg∙kg−1 DM). 
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CONCLUSIONS 

1. Shrubs of the ‘Solaris’ cultivar had the highest leaf yield per 
unit area among the grapevine cultivars evaluated. This rela-
tionship is particularly favourable from the point of view of the 
efficiency of obtaining raw material for fodder production. 

2. The differences in protein, fibre, ash, amino acids, minerals 
and the value of the neutral detergent fibre parameter between 
the cultivars, suggest the possibility of adapting rations based 
on grapevine leaves to the specific nutritional needs of differ-
ent animal species. 

3. The use of vine leaves as feed can contribute to sustainable 
resource management and supports a circular economy model, 
while reducing the negative environmental impact of agricul-
tural waste. 

4. Further research into the bioavailability of nutrients and their 
impact on animal health and production efficiency is necessary 
to fully exploit the potential of vine leaves in animal nutrition, 
which can increase the competitiveness of the agri-food sector 
and contribute to reducing the cost of feed production. 
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