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A   B   S   T   R   A   C   T 

 
This study was carried out to determine the acidity (pH), electrical conductivity 
(EC), lime, organic matter (OM), nitrogen (N), calcium (Ca), potassium (K), 
magnesium (Mg), sodium (Na) and phosphorus (P) contents at different soil 
depths in the inner and outer of the plant canopy of Russian thistle (Salsola 
ruthenica Iljin) growing under the ecological conditions of Iğdır province. The 
study was conducted in 2023 according to the split-plot experimental design with 
three replications. According to the research results, it was observed that there 
were significant differences in pH, lime, calcium, potassium and magnesium 
contents in the soils taken from inner and outer the plant canopy Compared to the 
soils taken outer the canopy, the pH value and calcium content of the soils taken 
inner the canopy were lower, while the lime, potassium and magnesium contents 
were higher. Significant changes were observed in the EC, nitrogen, calcium, 
potassium, magnesium and sodium contents of the soils taken from different 
depths. The highest EC value and calcium content were determined at 0-20 and 
20-40 cm soil depth. Nitrogen content was determined at 0-20 and 40-60 cm soil 
depth, potassium and sodium contents were determined at 40-60 cm soil depth, 
and magnesium content was determined at 20-40 cm soil depth.

s
1. Introduction 

The factors affecting soil formation are diverse 
and complex in their interactions and have caused 
the formation of areas with different levels of soil 
properties on the earth's surface. In addition, the 
biological, chemical and physical properties of the 
soil may change due to biological and geological or 
anthropogenic activities (Zúñiga et al., 2019). The 
chemical differences that these changes cause in 
the soil depth are very important for the 
development of plants. Soil depth provides more 
mechanical support to the plant as well as more 
water and nutrients to the plant (Rajakaruna & 
Boyd, 2008). Therefore, the changes that occur 
along the soil profile in the inner canopy of plants 

growing in semiarid and arid areas are of great 
importance for the formation of productive areas. 
Many chemical reactions that affect plant nutrient 
availability have also been reported to affect soil 
pH (Schoenholtz et al., 2000). The presence of 
sufficient amounts of suitable plant nutrients in the 
soil, the organic matter, texture, structure, pH and 
EC value of the soil are factors that significantly 
affect the fertility of the soil. At the same time, 
these factors are indicators of obtaining healthy 
food from the soil and the health of humans and 
animals (Papendick & Parr, 1992; Doran & Parkin, 
1994). 

https://orcid.org/0000-0001-6826-9768
https://orcid.org/0000-0001-9334-8601
https://orcid.org/0009-0002-0183-9521
https://orcid.org/0009-0005-1554-4021
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Considering all these, practices that will 
contribute to soil fertility are of great importance. 
In areas with arid and desert ecosystems, 
vegetation has important contributions to soil 
properties. The vegetation cover and overgrazing 
of plants in these areas have three important effects 
on both the distribution of vegetation and soil 
properties. The first of these is the change in 
vegetation cover following overgrazing, the second 
is the contributions to the soil by increasing the 
number of plants in the area, and the third is the 
benefits to the soil and ecosystem as a result of the 
expansion of plant-covered areas (Zheng et al., 
2008). 

Russian thistle is used fresh as a salad by 
humans and as feed for sheep and goats. It is also 
used in various treatments in the field of health; it 
is effective against bee and insect stings (Moerman, 
1998). This plant is common in forests, roadsides, 
deserts, poorly managed meadows and pastures, 
and can grow in areas up to 1750 meters in altitude 
(Dimen, 2016). This plant, which is adapted to 
regions with dry summers and cold winters, is more 
common in semi-arid areas (Mosyakin, 1996). It is 
widespread in Asia, Europe and North Africa, and 
is also found in North America and Australia 
(Wagner et al., 1990). If appropriate plant selection 
and land management are not made in semi-arid 
and arid climate regions, it leads to sparse 
vegetation and increased soil and water losses 
(Temel & Keskin, 2019).  

There is very limited research on how Russian 
thistle affects the soil structure in the areas where it 
grows. This research was carried out to determine 
some chemical (pH, EC, lime, organic matter, N, 
Ca, K, Mg, Na and P) contents at different soil 
depths in the inner and outer of canopy areas of 
russian thistle. 

2. Materials and Methods 

     This study was carried out in the wind erosion 
area located within the borders of Iğdır province, 
where marginal soil and climate conditions are 
effective. When we look at land use, 50.5% (6,842 
ha) of the erosion area is used as 2nd class pasture 
and 49.5% (6,700 ha) is used as heathland (Sevim, 
1999). In addition, 80.7% (5,524 hectares) of the 
existing pasture areas face the problem of stoniness 
(Demir & Keskin, 2016). The district of Aralık has 
an average altitude of 825 meters and covers a total 
area of 13.542 hectares (Özdoğan, 1976). 

The research was carried out in randomized 
blocks with three replications according to the 
factorial experimental design in 2023. Soil samples 
were taken from 0-20, 20-40 and 40-60 cm soil 
depths in the inner/outer of canopy of 5 randomly 
selected russian thistles in each block. 

The pH value in these soil samples was 
measured with a glass electrode pH meter using a 
1:2.5 soil-water mixture (Sağlam, 1994). Electrical 
conductivity (EC dS m-1) in the filtrates obtained 
from saturation mud was determined with an 
electrical conductivity device (Rhoades, 1982). 
The amount of lime (CaCO3) was determined as a 
percentage with the Scheibler Calcimeter method 
(Nelson & Sommers, 1982). Organic matter (OM) 
content was determined with the Smith-Weldon 
technique (Nelson & Sommers, 1982). Nitrogen 
(N) content was determined with the micro 
Kjeldahl method by applying the wet digestion 
method with a mixture of salicylic acid and salt 
(Bremner & Mulvaney, 1982). Exchangeable 
cations (Na, Ca, K and Mg) were obtained by 
sodium acetate (1 N, pH = 8.2) and then the 
solutions were extracted with ammonium acetate (1 
N, pH = 7.0) and then read using the ICP-OES 
device (Rhoades, 1982). Phosphorus content was 
determined using the blue color method of 
phosphorus soluble in acid fluoride (Sağlam, 
1994). 

Variance analyses of the data were performed 
using the JMP 5.1.0 statistical package program 
according to the factorial experimental design in 
randomized blocks, and the grouping of significant 
means was performed according to the LSD test. 
 

3. Results and Discussion 
 In this study, which was carried out to 

determine the EC, pH, organic matter, lime, 
nitrogen, calcium, sodium, magnesium, potassium 
and phosphorus contents of soils taken at different 
depths (0-20, 20-40 and 40-60 cm) and inner/outer 
of plant canopy, the variance analysis results are 
presented in Table 1. Among the soil samples taken 
from the inner and outer of the canopy, lime, 
calcium, potassium and magnesium contents were 
found to be statistically significant at p<0.01, and 
soil pH was found to be statistically significant at 
p<0.05 (Table 1.). EC, organic matter, nitrogen, 
sodium and phosphorus contents of the soils taken 
from the inner and outer parts of the canopy were 
found to be insignificant. According to soil depths, 
EC, calcium, potassium and sodium contents 
showed    significant   differences  at   p<0.01,  and 
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nitrogen and magnesium contents at p<0.05 
probability level. On the other hand, it was 
determined that there were no significant changes 
in pH, lime, organic matter and phosphorus 
contents depending on soil depth. 

It was determined that the pH values, lime, 
calcium, potassium and magnesium contents of the 
soil inner and outer of the canopy of Russian thistle 
varied between 7.93-8.19%, 8.39-10.81%, 4.33-
5.24%, 0.21-0.44% and 0.32-0.44%, respectively 
(Table 2). Accordingly, soil samples taken from the 

inner parts of the canopy were found to have higher 
lime, potassium and magnesium contents 
compared to the outer parts of the canopy, while 
their pH and calcium contents were found to be 
lower. When the important parameters based on 
depth were examined, nitrogen (0.0028%) was 
found to be the highest at 0-20 cm, calcium (5.27%) 
and magnesium (0.41%) at 20-40 cm, EC (1.70), 
potassium (0.43%) and sodium (0.48%) at 40-60 
cm soil depths (Table 2.). 

 
Table 1. Variance analysis table of the examined features 

*p < 0.05, **p < 0.01, ns: non significant 
 
 

The complex interactions of plant species, 
atmosphere, water and biological activities in the 
soil cause significant changes in soil properties 
(Tiedemann & Klemmedson, 1973; Charley & 
West, 1975; Schlesinger et al., 1996; Zheng et al., 
2008). As a result of the mineralization and 
decomposition of organic matter, elements such as 
magnesium, potassium and calcium in the structure 
of organic matter pass into the soil and increase the 
amount of nutrients for plants (Gençtan, 2012; 
Karakuş & Keskin, 2017). In addition, a study by 
Parlak et al. (2012) reported that total nitrogen, 
cation exchange capacity, available phosphorus, 
calcium, magnesium, potassium and sodium 
amounts were higher in the soils located inner the 
plant canopy than in the soils outer the canopy. It is 
observed that plants improve the physical and 
chemical properties of soils and make a significant 
contribution to their productivity. 

It has been reported that the chemical and 
physical properties of the soil taken from different 

depths (0-30 and 30-60 cm) inner and outer of the 
canopy of Salsola arbusculiformis changed 
significantly. EC, pH, organic carbon, potassium, 
sodium, nitrogen and water holding capacity of the 
soil inner of the canopy of Salsola arbusculiformis 
were found to be higher. It has also been reported 
that the plant can be used impressively for the 
improvement of degraded pastures in desertified 
and arid regions (Asaadi et al., 2014). The 
potassium content from the data obtained in this 
study is consistent with the results we obtained, but 
other parameters were different. This may be due 
to different plant species and soil characteristics. In 
a study, it was determined that the organic matter 
and EC values inner of the canopy were higher than 
outer of the canopy. On the other hand, it was found 
that there was no significant difference in pH 
values inner and outer of the canopy (Zheng et al., 
2008). 

 
Table 2. pH, EC, N, Ca, K, Mg, Na, and P values of soils at different depths of inner/outer of the plant canopy 

Sources of Variation 
F values and significance 

pH EC Lime OM N Ca K Mg Na P 

Inner/outer of canopy (C) 5.3* 0.02ns 11.88** 0.18ns 0.00ns 37.44** 110.36** 80.01** 2.82ns 2.06ns 

Soil depth (D) 2.9ns 11.91** 3.06ns 2.57ns 4.08* 55.15** 24.14** 5.77* 12.49** 2.44ns 

C x D int. 1.1ns 1.87ns 2.21ns 0.86ns 0.39ns 41.00** 18.69** 10.89** 3.32ns 2.52ns 

Soil  
depth (cm) 

Inner 
canopy 

Outer 
canopy 

Soil depth 
Avg. 

Inner 
canopy Outer canopy  Soil depth Avg. 

 pH (1:2.5-1) EC (dS m-1) 
0-20 7.73 8.17 7.95 1.57 1.77 1.66 a 

20-40 8.23 8.27 8.25 1.33 1.23 1.28 b 
40-60 7.83 8.13 7.98 1.77 1.63 1.70 a 

Inner/outer canopy avg. 7.93 b* 8.19 a  1.56 1.54  
 Lime (%) Organic matter (%) 
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*The difference between means indicated by different letters is significant. 

 
While the decrease in soil organic matter is very 

evident as depth increases inside of the canopy, it 
has been reported that organic matter decreases to 
lower amounts due to increasing depth outer of the 
canopy. It has been reported that EC value 
decreases as soil depth increases at the inner of the 
canopy, while EC value increases as soil depth 
increases at the outer of the canopy (Zheng et al., 
2008). In the soil samples taken from the inner of 
canopy of the goat's wheat (Atraphaxis spinosa L.) 
plant, it was determined that the amount of 
magnesium, potassium and calcium was higher 
than that outer of the canopy, and the soil pH was 
lower. It was determined that the potassium, 
magnesium, sodium and phosphorus content varied 
depending on the depth of the soil (Karakuş & 
Keskin, 2017). Some properties of the soil were 
determined according to different soil depths (0-20, 
20-40 and 40-60 cm) inner and outer of the canopy 
of the thorny saltwort (Noaea mucronata). 
According to the research results, it was 
determined that the calcium content and pH value 
of the soil taken from the outer of the canopy were 
higher than those taken from the inner of the 
canopy, and the potassium and magnesium content 
were lower. It has been determined that calcium 
and sodium contents vary according to soil depth 
(Temel & Keskin, 2019). These results support our 
current research. Plants play a critical role in 
ecosystem sustainability and soil protection. A 
significant amount of organic matter is added to the 
soil through the leaves and roots of plants. Leaves 
and roots added to the soil contribute to the 

improvement of soil structure (Demir & Keskin, 
2016). In addition, plants improve the physical and 
chemical balances of the soil as well as its 
biological structure (Parlak et al., 2012). 

While calcium, potassium and magnesium 
contents were significant at p<0.01 level in the 
interaction of inner/outer of canopy x depth, 
examined other parameters were found to be 
insignificant (Table 1.). Their inner/outer of 
canopy x depth interaction data are given in Figures 
1, 2 and 3. 

Calcium content was found to be slightly higher 
at 20-40 cm soil depth compared to 0-20 cm soil 
depth at the canopy inner area. However, the 
calcium content detected at 40-60 cm soil depth 
was obtained in similar amounts at 0-20 cm soil 
depth. On the other hand, it was determined that 
calcium content decreased as soil depth increased 
in the outer of the canopy area. This difference 
between the inner and outer of the canopy caused 
the interaction of the inner/outer of the canopy x 
depth to be significant (Figure 1.). 

While there were no significant differences in 
the potassium contents of soils taken at different 
depths outer of the canopy, the potassium content 
of soils taken inner of the canopy decreased at 20-
40 cm compared to the 0-20 cm soil depth, but 
increased again at 40-60 cm. This difference 
between the inner and outer of the canopy caused 
the interaction of the inner/outer of the canopy x 
depth to be significant (Figure 2.). 

 

0-20 8.77 8.03 8.40 0.15 0.14 0.14 
20-40 12.60 8.27 10.43 0.13 0.13 0.13 
40-60 11.07 8.87 9.97 0.14 0.15 0.15 

Inner/outer canopy avg. 10.81 a 8.39 b   0.14 0.14   
 Nitrogen (%) Calcium (%) 

0-20 0.0030 0.0027 0.0028 a 4.16 b 6.37 a 5.27 a 
20-40 0.0017 0.0020 0.0018 b 4.16 b 6.15 a 5.41 a 
40-60 0.0027 0.0027 0.0027 ab 4.15 b 3.20 c 3.68 b 

Inner/outer canopy avg. 0.0024 0.0024  4.33 b 5.24 a  
 Potassium (%) Magnesium (%) 

0-20 0.37 b 0.19 d 0.28 b 0.39 b 0.34 b 0.37 b 
20-40 0.31 bc 0.21 d 0.26 b 0.47 a 0.35 b 0.41 a 
40-60 0.64 a 0.22 cd 0.43 a 0.46 a 0.25 c 0.36 b 

Inner/outer canopy avg. 0.44 a 0.21 b  0.44 a 0.32 b  
 Sodium (%) Phosphorus (%) 

0-20 0.43 0.30 0.36 b 30.33 22.83 26.58 
20-40 0.34 0.27 0.30 b 32.03 29.50 30.76 
40-60 0.45 0.50 0.48 a 29.60 31.93 30.76 

Inner/outer canopy avg. 0.40 0.36   30.66 28.09   
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It was determined that there was no significant 
change in the magnesium content of the soil at 20-
40 cm soil depth compared to 0-20 cm soil depth 
outer of the canopy, while there was a significant 
decrease in the magnesium content at 40-60 cm soil 

depth. On the other hand, there was an increase in 
magnesium content at 20-40 cm soil depth 
compared to 0-20 cm soil depth of the inner of the 
canopy, but this increase did not continue at 40-60 
cm soil depth (Figure 3.). 

 

 

 

 
Figure 1. Changes in calcium content in the inner/outer 
of the plant canopy and at different depths of russian 
thistle 

 Figure 2. Changes in potassium content in the 
inner/outer of the plant canopy and at different depths 
of russian thistle 

   

 
Figure 3. Changes in magnesium content in the inner/outer of the plant canopy and at different depths of russian 

thistle 

 
4. Conclusion 

 
As a result of the study, it was observed that the 

pH, lime, calcium, potassium and magnesium 
contents of the soils inner and outer of canopy of 
Salsola ruthenica differed significantly. Soil 
samples taken from the inner parts of the canopy 
were found to have higher lime, potassium and 
magnesium contents compared to the outer parts of 
the canopy, while pH and calcium contents were 
found to be lower. In particular, it is estimated that 
the decrease in soil pH at the inner of the canopy 
will contribute to the acidity of the soil and increase 
the uptake of plant nutrients in the soil. Soil EC, 
nitrogen, calcium, potassium, magnesium and 
sodium contents differed according to soil depth.  
 

 
 
While nitrogen was found to be high at 0-20 cm soil 
depth, calcium and magnesium were high at 20-40 
cm and EC, potassium and sodium were high at 40-
60 cm soil depth. In addition, calcium, potassium 
and magnesium were found to be significant in 
terms of inner/outer of canopy x depth interaction. 

According to these results, it is seen that Salsola 
ruthenica can contribute to the improvement of 
basic soils by reducing soil pH in the canopy. It also 
shows that it can affect the chemical properties of 
the soil by increasing the percentage of lime, 
potassium and magnesium in the soil and 
decreasing the calcium. 
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The study was conducted to determine the effects of different withering time and 
additives on some physical and chemical parameters and feed value of alfalfa 
(Medicago sativa) silage. In the study, Bilensoy alfalfa variety, 3 different 
withering times (0, 12 and 24 hours) and 6 different additives (control, 4% 
cracked barley, 4% cracked wheat, 4% cracked corn, 4% wheat bran and 2% 
sucrose) were added and 18 subjects were examined. Silages were formed in the 
laboratory using vacuum bags (25 × 35 cm in size, 110 micron thickness) and 
vacuum machine, and the packages were kept at room temperature for 2 months 
for silage maturation. DLG scoring method was used to determine the physical 
quality of matured silages. For chemical quality and feed value; dry matter (DM), 
pH, crude protein (CP), crude ash (CA), acid detergent fibre (ADF) and neutral 
detergent fibre (NDF) values of the silage samples were determined, Fileg score, 
total digestible nutrients (TDN), dry matter intake (DMI), digestible dry matter 
(DDM), net energy lactation (NEL) and relative feed value (RFV) were 
calculated. The prolonged withering period decreased the CP in alfalfa silage, 
while DLG classification, pH, Fleig score, DM, CA, ADF and NDF increased 
significantly. The effect of additives added to alfalfa silage on DLG classification 
was found to be insignificant, but withering increased DLG score significantly. It 
was determined that the additives decreased, pH, CP, NDF and ADF ratios, 
increased Fleig score and significantly improved feed value parameters compared 
to the control group. Withering significantly increased all calculated feed value 
parameters. As a result, in terms of optimum feed value and alfalfa silage quality, 
24 h withering and 4% cracked corn addition can be recommended compared to 
the other treatments compared.s

1. Introduction 

Alfalfa is a difficult plant to silage due to its high 
protein content, low water-soluble carbohydrate 
level and high buffer capacity (Tatli Seven et al., 
2021). The relationship between the withering time 
and the use of additives in alfalfa silage is critical, 
especially to optimize fermentation quality and 

increase nutritional value. The withering time 
affects the moisture content and thus the 
fermentation process. Tremblay et al. (2014), who 
investigated the effect of mowing alfalfa plants in 
the afternoon and withering until they contained 
about 35% DM by wide spreading on silage 

https://orcid.org/0000-0002-1715-6904
https://orcid.org/0000-0003-4493-887X
https://orcid.org/0000-0003-0538-5619
https://orcid.org/0000-0002-4689-0542
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fermentation characteristics, reported that 
withering increased the non-structural 
carbohydrate content of alfalfa, was well preserved 
during fermentation, and the silage exhibited lower 
pH, higher lactic acid concentration, lower volatile 
fatty acids and NH3-N contents. Dumlu Gül et al. 
(2015) reported that 12 h withering period and 10% 
barley addition could significantly improve the 
physical properties and pH of alfalfa silage. 
Tremblay et al. (2014), who studied the effect of 
harvesting alfalfa plants in the afternoon and 
withering until about 35% DM content by wide 
spreading on silage fermentation characteristics, 
reported that withering increased the non-structural 
carbohydrate content of alfalfa, was well preserved 
during fermentation, and the silage exhibited lower 
pH, higher lactic acid concentration, lower volatile 
fatty acids and NH3-N contents. Dumlu Gül et al. 
(2015) reported that 12 h withering period and 10% 
barley addition could significantly improve the 
physical properties and pH of alfalfa silage. Li et 
al. (2016) studied the effects of various chemical 
additives (sucrose, potassium citrate, sodium 
carbonate, acetic acid, formic acid, propionic acid) 
on the fermentation quality of alfalfa harvested at 
high moisture content and reported that potassium 
citrate and sucrose improved fermentation quality 
especially when alfalfa was wilted to 30% DM 
content. This suggests that the withering period 
should be optimized to increase the effectiveness of 
the additives, so that the overall quality of the silage 
can be improved.  

It is common to use additives to improve the 
fermentation process of forage crop silages with 
high protein and mineral content but low 
carbohydrate content. Research has shown that 
specific additives can significantly improve 
fermentation quality, chemical composition and 
microbial population during silage production. 
Wang et al. (2024) reported that the addition of 
Lactobacillus plantarum as a silage additive to sand 
acacia (Caragana korshinskii Kom), a legume 
shrub form, decreased the pH and increased the 
lactic acid content of silage, while the addition of 
cellulase and xylenase increased the degradability 
of structural carbohydrates and supported 
fermentation quality. In addition, formic acid was 
reported to improve fermentation quality by 
supporting the stabilization of red clover silage 
(Rinne et al., 2024).  

Carbohydrate sources such as cereal grains, 
sucrose, glucose and molasses are used in the 

production of legume silages because they are 
economical and improve fermentation quality. Zi et 
al. (2022) reported that sucrose, glucose or 
molasses (10g/kg wet weight) increased the lactic 
acid level and decreased the pH in the silage of 
stylo (Stylosanthes guianensis), a legume plant, 
thus increasing silage stability. Similarly, Aydın et 
al. (2023) reported that the addition of lactic acid 
bacteria and 1.5% sucrose to alfalfa silage 
significantly decreased pH compared to the lactic 
acid bacteria addition group. It is also known that 
barley (5%) used as an additive in alfalfa silage 
production significantly improves silage quality 
(Acar and Bostan, 2016).  

Nowadays, there are also a number of studies on 
the use of bran in legume plant silages (Tian et al., 
2018; Çotuk and Önenç, 2017). Tian et al. (2018), 
who evaluated the effects of lactic acid inoculants 
on silage quality in alfalfa and wheat bran (0, 10, 
15 and 20%) mixture silages, reported that DM 
content increased, pH and ammonia nitrogen 
decreased as wheat bran ratio increased, and bran 
was effective in terms of choosing the right 
inoculant in the fermentation process of alfalfa 
silage. In addition, Çotuk and Önenç (2017) 
reported that the addition of 10% bran significantly 
increased the quality classification of alfalfa silage 
in terms of flieg score and physical evaluation 
score, significantly increased the number of 
lactobacilli and decreased pH. The researchers 
reported that the Flieg score of alfalfa silage with 
no additive and 10% bran additive, which were 
wilted for 3 hours after harvest, were 61.39 (good 
quality) and 81.70 (very good quality), 
respectively. It is a necessary condition for 
sustainable animal husbandry that the additives 
used during the silage production of plant species 
such as alfalfa, which are difficult to silage, should 
be met from the farm's own production or be 
economical. The aim of this study was to evaluate 
the effects of different withering time and additives 
(cracked barley, cracked wheat, cracked corn, 
wheat bran and sucrose) on some physical and 
chemical parameters and feed value of alfalfa 
silage. 

2. Material and Method 

Bilensoy alfalfa (Medicago sativa) variety was 
used as silage material in the study. The alfalfa 
plant used in the experiment was obtained from the 
application area of Isparta University of Applied 
Sciences, Faculty of Agriculture. The development 
of   the  plant  from   sowing  to  harvest   time was
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followed regularly and harvesting was carried out 
on June 25, 2020 at the middle of flowering. In the 
study, 3 different withering times (0, 12 and 24 h) 
were applied after harvest. For each withering 
period, 1 control (no additive) and 5 experimental 
groups (4% crushed barley, 4% crushed wheat, 4% 
crushed maize, 4% wheat bran and 2% sucrose) 
were formed. The additives consisted of crushed 
cereals, sucrose or wheat bran used in silage 
production of plants with high protein content  (Zi 
et al., 2022; Tian et al., 2018; Acar and Bostan, 
2016). Withering times of alfalfa were determined 
in parallel with the studies (Besharati et al., 2000; 
Acar and Bostan, 2016; Dumlu Gül et al., 2015). 
The study was carried out on 18 study subjects in a 
3 x 6 factorial experimental design. The subjects 
examined in the study were designed with 3 
replicates and a total of 54 silages were formed. 
The withering process was carried out under 
natural conditions in the field after harvest (Yang 
et al., 2022). The additives used in the experiment 
were proportioned according to the fresh weight of 

the plant (Li et al., 2016).  Average DM (36.24%), 
CP (22.02%), CA (13.01%), NDF (42.18%) and 
ADF (28.37%) ratios were determined in alfalfa 
samples taken before silage. The silage samples of 
each experimental group were first weighed, 
additives were added and mixed homogeneously 
by hand. The silage samples were filled into 
vacuum bags (25 × 35 cm in size, 110 micron 
thickness) of approximately 800 g and the air in the 
bags was removed with the help of an industrial 
vacuum machine (Ahsan, 2023). The bags were 
sealed to provide anaerobic environment and the 
samples were kept at room temperature for 2 
months.  

Following the maturation period, silage samples 
of each group were opened and physical quality 
analyses (color, odor and structure) were 
performed by three researchers using the DLG 
(Deutsche Landwirtschafts - Gesellschaft) silage 
evaluation key (Table 1) and the mean scores were 
taken (Table 2) (DLG, 1987). 

 

Table 1. DLG silage evaluation key 

 Observation Score 

Odor No buttery acid smell, slightly sour, fruity and bread-like odor 
A slight buttery odor, strong sour odor or musty odor 
Moderate buttery odor, strong musty odor 
Strong buttery odor and ammonia smell 
Rotten or foul and strong musty odor  

14 
8 
4 
2 
0 

Structure Leaf and stem structure normal 
The structure of the leaves is a bit distorted 
Leaves and stems have a markedly deformed structure, slightly moldy 
Leaves and stems rotten, heavily moldy and heavily soiled 

4 
2 
1 
0 

Color Green forage color (slightly brownish in wilted silage) 
Yellow or dusky brown 
The color has changed a lot, light yellow or very dark 

2 
1 
0 

 

Table 2. Total DLG (Deutsche Landwirtschafts - Gesellschaft) score evaluation criteria. 

Total DLG Score Silage Quality Class Average Nutrient Loss 
18-20 Very Good Quality 10-15% 
14-17 Good Quality 15-20% 
10-13 Medium Quality 20-25% 
5-9 Low Quality (Poor Quality) 25-50% 
0-4 Very Low Quality (Degraded) ≥50% 

 

In the study, pH was determined by modifying 
the method of Akbay et al. Twenty g of silage 
sample from each replicate was treated with 180 ml 

of distilled water for 2-3 min in a mixer and filtered 
through a double layer of cheesecloth. The pH 
levels of the silage filtrates were measured using a 
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digital pH meter (Thermo Orion Star, serial no: 
B39604). DM, CA and CP analyses of the silage 
samples of the groups were determined according 
to the method reported in AOAC (2000), while 
NDF and ADF analyses were determined using an 
automatic analyzer (ANKOM 220 Fiber Analyzer, 
serial no: # A220220035) according to the method 
reported in Van Soest et al., (1991). NDF solution 
was prepared by adding 120 g FND20C/1 and 20 
ml triethylene glycol FND20C/2 to 1.8 liters of 
distilled water and stirred with a magnetic stirrer 
(Wisestir MSH-20A, Serial no: 0400985129J040) 
until dissolved and completed with 2 liters of 

distilled water. ADF solution was prepared by 
dissolving 40 g CTAB 
(Cetyltrimethylammoniumbromide) in 2 liters of 
1.0 normal H2SO4 with the same magnetic stirrer. 
The following formulae adapted from various 
sources were used to calculate net energy lactation 
(NEL), digestible dry matter (DDM), dry matter 
intake (DMI), relative feed value (RFV) and total 
digestible nutrients (TDN) (NRC, 2001; Horrocks 
and Vallentine, 1999; Van Soest, 1994; USDA, 
1980; Rohweder et al., 1978). Flieg score was 
calculated according to the method reported by 
Moselhy et al. (2015). 

Flieg score = 220 + (2 × DM (%) - 15) - (40 × pH value) 

NEL (Mcal/kg) = (1.044 - (0.0119 × ADF)) × 2.205 

DDM (%) = 88.9 - (0.779 × ADF 

DMI (% body weight) = 120 ÷ NDF 

RFV = DDM (%) × DMI (%) × 0.775 

TDN = (-1.291 × ADF) + 101.35 

Relative feed value is a criterion used in the 
evaluation and marketing of roughages and <75 
indicates poor quality; 75-86 indicates 4th quality; 
87-102 indicates 3rd quality; 103-124 indicates 2nd 
quality; 125-151 indicates good quality and >151 
indicates 1st quality (Kılıç and Abdiwali, 2016). 
The quality classification of the silages was made 
according to the Flieg score sheet (Moselhy et al., 
2015) shown in Table 3. The data of the experiment 
were subjected to analysis of variance using SAS 
(1998) computer programme according to factorial 
completely randomized design. When significant 
differences were found as a result of statistical 
analysis, Duncan test was applied at 5% 
significance level for comparison of means. 

Table 3. Flieg score sheet 

Score range Silage Quality Class 
20 points and below Very poor quality 
21-40 points Low quality 
41-60 points Medium quality 
61-80 points Good quality 
81 points and above Very good quality 

 

 

3. Results and Discussion 

In the study, withering significantly increased 
the DLG score (Table 4) of alfalfa silage (p<0.05), 
while additives and additive x withering interaction 
were statistically insignificant. When the mean 
values of the withering times were analyzed, the 
DLG score was determined as 18.44 in alfalfa 
silages made without withering, while the DLG 
scores were determined as 19.46 and 19.70 after 12 
and 24 hours of withering, respectively. When the 
mean values of the additives were analyzed, they 
were statistically insignificant and the DLG scores 
obtained varied between 18.59 and 19.92. The 
DLG scores determined in the experiment were 
classified as very good quality. Dumlu Gül et al. 
(2015) reported that harvest time (early and late 
flowering), withering (12 h) and addition of 
additives (5% molasses and 10% cracked barley) 
positively affected the physical properties of silage. 
Acar and Bostan (2016) also reported that the 
physical quality of alfalfa silage withered for 24 h 
and 5% barley added was in the very good quality 
class (19 points). These studies are in parallel with 
the findings of the research in terms of withering 
time. 

Table 4. Effect of withering time and different additives on the physical properties of alfalfa silage 

Additive 
Odor  Color   

Withering time Means Withering time Means 0 h 12 h 24 h 0 h 12 h 24 h 
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Control 12.44 13.44 13.78 13.22 2.00a 2.00a 2.00a 2.00 a 
Cracked Barley 11.89 13.67 13.89 13.15 1.43b 2.00a 2.00a 1.81 b 
Cracked Wheat 13.44 13.56 13.22 13.41 2.00a 2.00a 2.00a 2.00 a 
Cracked Corn 13.78 14.00 14.00 13.93 2.00a 2.00a 2.00a 2.00 a 
Wheat Bran 12.67 12.78 14.00 13.15 1.30b 2.00a 2.00a 1.77 b 
Sucrose 13.67 13.56 14.00 13.74 2.00a 2.00a 2.00a 2.00 a 
Means 12.99 b 13.50 ab 13.81 a   1.79 b 2.00 a 2.00 a   
 Wit: *; Add: ns; WxA: ns   Wit: **; Add: **; WxA: **   

Additive 
Structure  DLG   

Withering time Means Withering time Means 0 h 12 h 24 h 0 h 12 h 24 h 
Control 3.44 3.78 4.00 3.74 17.89 19.22 19.78 18.96 
Cracked Barley 2.89 4.00 4.00 3.63 16.22 19.67 19.89 18.59 
Cracked Wheat 4.00 4.00 3.67 3.89 19.44 19.56 18.89 19.30 
Cracked Corn 4.00 4.00 4.00 4.00 19.78 20.00 20.00 19.93 
Wheat Bran 3.67 4.00 3.67 3.78 17.67 18.78 19.67 18.70 
Sucrose 4.00 4.00 4.00 4.00 19.67 19.56 20.00 19.74 
Means 3.66 b 3.96 a 3.89 ab   18.44 b 19.46 a 19.70 a   
  Wit: *; Add: ns; WxA: ns   Wit: **; Add: ns; WxA: ns   

Wit: Withering; Add: Additive; ns: Non significant; *: P<0.05;  **: P<0.01 

The effects of withering time and different 
additives on pH, some nutrient ingredients, Fleig 
score and quality classification of alfalfa silage are 
shown in Table 5. In the study, withering time and 
additive use significantly increased the DM 
(p<0.01) and decreased the pH (p<0.01) of alfalfa 
silages. The effects of withering time and additive 

treatments on ratios of CP, CA, DM, NDF, ADF 
and NEL level were statistically significant at 1% 
level. It was determined that the effect of withering 
time and additive interactions on DM, CA, ADF 
and NEL was at p<0.01 level, while it was at 
P<0.05 level on CP. 

 
Table 5. Effect of withering time and different additives on pH, DM, Flieg score, CP, CA, ADF, NDF and 
NEL of alfalfa silage, % in DM 

Additive 
DM  pH 

Withering time Means 
 Withering time Means 0 h 12 h 24 h   0 h 12 h 24 h 

Control 31.37ı 38.57e 43.60b 37.85 c   4.82a 4.81a 4.83a 4.82 a 
Cracked Barley 35.70gh 42.19c 46.26a 41.38 a  4.73b-d 4.74bc 4.75b 4.74 c 
Cracked Wheat 37.24f 40.79d 45.87a 41.29 a  4.64g 4.70d-f 4.70d-f 4.68 d 
Cracked Corn 36.19fg 42.47c 46.23a 41.63 a  4.6 h 4.59hı 4.56ı 4.58 e 
Wheat Bran 35.90gh 41.69cd 45.99a 41.22 a  4.74b-d 4.75bc 4.83a 4.77 b 
Sucrose 34.95h 41.47cd 44.41b 40.27 b  4.67fg 4.68ef 4.70c-e 4.69 d 
Means 35.24 c 41.20 b 45.39 a     4.70 b 4.71 b 4.73 a   

 Wit: **; Add: **; WxA: **   Wit: **; Add: **; WxA: ** 

Additive 
CP  Fleig 

Withering time Means 
 Withering time Means 0 h 12 h 24 h   0 h 12 h 24 h 

Control 23.57a 23.00b 22.50bc 23.02 a  74.8h 89.6g 98.9e 87.8 d 
Cracked Barley 22.47b-d 22.10c-e 21.90c-f 22.15 b  87.2g 99.7e 107.2bc 98.0 c 
Cracked Wheat 22.50bc 22.03c-e 21.97c-e 22.16 b  93.7f 98.5e 108.6b 100.3 b 
Cracked Corn 21.60e-g 21.83d-f 21.20gh 21.54 c  93.1f 106.5b-d 115.2a 104.9 a 
Wheat Bran 22.40b-d 22.80b 22.90b 22.70 a  87.4g 98.5e 103.8d 96.6 c 
Sucrose 21.10gh 21.33f-h 20.83h 21.09 d   88.2g 100.7e 105.2cd 98.0 c 
Means 22.27 a 22.18 a 21.88 b     87.4 c 98.9 b 106.5 a   

 Wit: **; Add: **; WxA: *   Wit: **; Add: **; WxA: ** 

Additive 
NDF  ADF 

Withering time Means 
 Withering time Means 0 h 12 h 24 h   0 h 12 h 24 h 

Control 36.97 38.30 37.73 37.66 a  24.73cd 26.69a-c 28.51a 26.64 a 
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Cracked Barley 35.50 37.33 38.00 36.94 ab  25.53b-d 26.04b-d 25.57b-d 25.71 ab 
Cracked Wheat 35.67 37.70 37.37 36.91 ab  25.01b-d 25.39b-d 24.87b-d 25.09 b 
Cracked Corn 34.30 35.80 37.10 35.73 c  20.53g 25.06b-d 25.15b-d 23.58 c 
Wheat Bran 36.43 37.97 38.40 37.60 a  24.27de 26.79ab 28.33a 26.46 a 
Sucrose 36.07 36.43 36.77 36.42 bc   21.84fg 22.59ef 24.27de 22.89 c 
Means 35.82 b 37.26 a 37.56 a     23.65 c 25.43 b 26.12 a   

 Wit: **; Add: **; WxA: ns   Wit: **; Add: **; WxA: ** 

Additive 
NEL  CA 

Withering time Means 
 Withering time Means 0 h 12 h 24 h   0 h 12 h 24 h 

Control 1.65d 1.60ef 1.55g 1.60 c  12.60b 12.50b-d 12.00g-j 12.36 b 
Cracked Barley 1.63de 1.62de 1.63de 1.62 bc  12.27d-g 11.97h-j 11.97h-j 12.06 c 
Cracked Wheat 1.65d 1.64de 1.65d 1.64 b  12.20e-h 12.40b-e 12.17e-ı 12.25 b 
Cracked Corn 1.76a 1.64de 1.64de 1.68 a  11.83j 12.10f-j 11.90ıj 11.94 c 
Wheat Bran 1.67cd 1.60ef 1.56fg 1.60 c  12.30c-f 13.17a 12.53bc 12.66 a 
Sucrose 1.73ab 1.71bc 1.67cd 1.70 a   12.20e-h 12.17e-ı 11.83j 12.06 c 
Means 1.68 a 1.64 b 1.62 c     12.23 b 12.38 a 12.07 c   
  Wit: **; Add: **; WxA: **   Wit: **; Add: **; WxA: ** 

DM: Dry mater; CP: Crude protein; CA: Crude ash; ADF: Acid detergent fiber; NDF: Neutral detergent fiber; NEL: 
Net energy lactation (Mcal/kg); Wit: Withering; Add: Additive; ns: Non significant; *: P<0.05;  **: P<0.01 

 

In the study, it was determined that the addition 
of additives and both withering times (12 and 24 h) 
significantly increased the DM content of alfalfa 
silage (P<0.01) and the interactions between them 
were significant. Both withering times and 
additives had a positive effect on DM in alfalfa 
silages, but fluctuations and intersections in the 
values caused the withering time x additive 
interaction to be significant. The lowest value was 
obtained from 0 h x control combination and the 
highest values were obtained from 24 h x cracked 
barley, 24 h x cracked wheat, 24 h x cracked corn 
and 24 h x wheat bran combinations. Similar to the 
findings of this study, the DM content of alfalfa 
silage withered for 12 h decreased significantly and 
the interaction between the withering time and the 
addition of additives (barley, molasses) was found 
to be significant (Dumlu Gül et al., 2015).  
Researches evaluating the effects of various 
additives added to alfalfa silage on silage quality 
(Li et al., 2016) and feed value (Mariotti et al., 
2020) preferred to wither the DM of alfalfa to 30% 
and 38%, respectively, which supports the findings 
of the study.  

In the study, prolonging the withering time 
significantly increased the silage pH, but all 
additives significantly decreased the silage pH 
compared to the control group (4.82). However, the 
lowest pH levels were recorded in the 4% crushed 
corn, 4% crushed wheat and 2% sucrose 
supplemented groups with 4.58, 4.68 and 4.69, 
respectively. Terms related to the withering time x 
additive interaction of pH values are shown as pH 

values obtained as a result of the applications 
change between 4.56-4.83. In general, additive 
treatments increased pH values depending on 
withering times in alfalfa, while the decrease in pH 
value as a result of cracked corn treatment caused 
the interaction to be significant. However, Dumlu 
Gül et al. (2015) reported that both withering and 
additive treatments decreased pH. While the results 
obtained by the researchers from the additive 
application were in agreement with our findings, 
the results obtained as a result of withering were 
inconsistent with our findings. All treatments were 
found to be statisticaly significant in terms of Fleig 
score (p<0.01). While both withering times 
increased the Flieg score, all additive groups had 
higher Flieg scores compared to the control group. 
Withering time x additive interaction was found to 
be significant in terms of fleg score, withering 
times and additive treatments increasing fleg score 
value. Although this increase generally showed a 
linear trend, the values calculated in additive 
treated silages had different increase rates 
depending on the withering time. In the present 
study, fleg score values varied between 74.8 and 
115.2, the lowest value was determined in the 0 h x 
control combination, and the highest value was 
determined in the 24 h x cracked corn combination. 
In parallel with the findings of present study, it was 
reported that the Flieg scores of alfalfa silage were 
90.87 (very good quality) and 61.39 (good quality) 
at the end of twenty-four hours (Besharati et al., 
2000) and three hours (Çotuk and Önenç, 2017) 
withering, respectively. Naturally, Fleig score 
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increases as the DM value of the silage sample 
increases and pH value decreases. The Fleig score 
results of the study groups are in parallel with the 
data. Withering of alfalfa for 24 h significantly 
decreased the CP and CA ratios of the silage and 
increased the ADF and NDF ratios. CP varied 
between 21.88% and 22.27%, CA between 12.06% 
and 12.38%, NDF between 35.82% and 37.56% 
and ADF between 23.65% and 26.11% according 
to withering periods.  It was determined that the 
addition of cracked wheat, cracked corn and 
sucrose to alfalfa silage significantly decreased 
silage ADF, while the addition of cracked corn and 
sucrose significantly decreased silage NDF. 
According to the results of additives to alfalfa 
silage, CP varied between 21.08% and 23.02%, CA 
between 11.94% and 12.66%, NDF between 
35.71% and 37.66% and ADF between 22.89% and 
26.64%.   

There is statistical significance in the withering 
time x additive interaction of CP, CA and ADF 
ratios. This situation is due to the differences in the 
increase and decrease rates of the values in the 
silage samples treated with additives depending on 
the withering time of CP, CA and ADF properties. 
The intersection points caused the withering time x 
additive interaction to be significant. In this 
context, Aydın et al. (2023) reported that the 
addition of lactobacilli and 1.5% sucrose had no 
effect on the CP content of alfalfa silage, whereas 
Çotuk and Önenç (2017) stated that the inclusion of 
10% bran increased the CP level of silage. 
Furthermore, Mariotti et al. (2020) found that the 
addition of increasing levels of whey (7.5%, 15%, 
and 30%) to withered alfalfa (38%) significantly 
reduced the DM, ADF, and NDF contents of the 
silage. These findings highlight the complex 
interactions between withering time and additive 
effects on silage composition, further emphasizing 
the significance of the observed statistical 

interactions. It is clear that the effect of withering 
and additive on silage DM content may be related 
to their effects on fermentation, as well as the DM 
content of the additive used is also related to silage 
DM. As a matter of fact, in the present study, 
withering and additive interactions were found to 
be significant in terms of DM and ADF values, and 
the addition of 4% crushed cereals to alfalfa silage 
increased DM content and decreased ADF and 
NDF values significantly compared to the control 
group. The fact that the interaction between 
withering time and additive was insignificant in 
terms of NDF value is similar to Dumlu Gül et al. 
(2015) who applied 12 hours of withering to alfalfa 
silage.  Acar and Bostan, (2016) who applied 
withering to alfalfa (24 hours) and those who did 
not (Aydın et al., 2023; Tian et al., 2018; Çotuk et 
al., 2017) reported that the addition of additives 
(molasses, barley, lactobacilli, bran, whey and 
sucrose) significantly decreased silage ADF and 
NDF ratios, supporting the findings of the present 
study. 

The effects of withering time and different 
additives on the feed value of alfalfa silage are 
shown in Table 6. In terms of the analyzed feed 
value parameters (TDN, DMI, DDM and RFV), 
withering time and additive treatments were 
statistically significant at 1% level. It was 
determined that the effect of withering time x 
additive on TDM and DDM values was significant 
at P<0.01 level, while the effect on DMI and RFV 
values was insignificant. While the increase in 
withering time decreased the feed value 
parameters, it was observed that the additive 
treatments except wheat bran addition had better 
values compared to the control group. It was 
determined that the highest values in terms of TDN, 
DDM and RFV were obtained in the cracked corn 
and sucrose added groups, while the cracked corn 
added group had the highest value in terms of DMI.  

Table 6. Effect of withering time and different additives on feed value of alfalfa silage, % in DM 

Additive 
TDN  DMI 

Withering time Means 
 Withering time Means 0 h 12 h 24 h   0 h 12 h 24 h 

Control 69.42de 66.89e-g 64.54g 66.95 c  3.25 3.13 3.18 3.18 c 
Cracked Barley 68.40d-f 67.73d-f 68.33d-f 68.15 bc  3.38 3.22 3.16 3.25 bc 
Cracked Wheat 69.06d-f 68.58d-f 69.24d-f 68.95 b  3.37 3.18 3.21 3.25 bc 
Cracked Corn 74.84a 69.00d-f 68.88d-f 70.90 a  3.50 3.35 3.23 3.36 a 
Wheat Bran 70.02cd 66.77fg 64.78g 67.19 c  3.29 3.16 3.13 3.19 c 
Sucrose 73.15 ab 72.19 bc 70.02 cd 71.78 a   3.33 3.29 3.26 3.29 b 
Means 70.81 a 68.53 b 67.63 c     3.35 a 3.22 b 3.20 b   

 Wit: **; Add: **; WxA: **   Wit: **; Add: **; WxA: ns 
Additive DDM  RFV 
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Withering time Means 
 Withering time Means 0 h 12 h 24 h   0 h 12 h 24 h 

Control 69.63de 68.11e-g 66.69g 68.14 c  175.3 165.4 164.4 168.4 c 
Cracked Barley 69.02d-f 68.61d-f 68.98d-f 68.86 bc  180.9 171.1 168.9 173.7 b 
Cracked Wheat 69.42d-f 69.12d-f 69.52d-f 69.35 b  181.0 170.5 173.0 174.9 b 
Cracked Corn 72.90a 69.38d-f 69.31d-f 70.53 a  197.9 180.4 173.7 184.0 a 
Wheat Bran 70.00cd 68.03fg 66.83g 68.28 c  178.7 166.6 161.9 169.1 c 
Sucrose 71.89ab 71.30bc 70.00cd 71.06 a   185.4 182.0 177.1 181.5 a 
Means 70.48 a 69.09 b 68.55 c     183.2 a 172.7 b 169.8 b   
  Wit: **; Add: **; WxA: **   Wit: **; Add: **; WxA: ns 

TDN: Total digestible nutrients (%); DMI: Dry matter intake (% body weight); DDM: Digestible dry matter (%); RFV: 
Relative feed value; Wit: Withering; Add: Additive; ns: Non significant; *: P<0.05;  **: P<0.01 

In the literature, no study was found in which the 
effects of withering time and additives on the feed 
value of alfalfa silage were evaluated together. 
Acar and Bostan (2016) reported that molasses, 
barley or whey added to alfalfa silage withered for 
24 hours improved the DDM, DMI, RFV and TDN 
of silage compared to the control group. In parallel 
with the research findings, Mariotti et al. (2020) 
reported that whey (15% and 30%) added to alfalfa 
wilted to 38% DM decreased NDF and ADF ratios 
while improving TDN and RFV values of silage.  

4. Conclusion 

It is clear that withering time and the water soluble 
carbohydrate content of the plant during the silage 
maturation process affect silage quality. Optimum 
withering time will provide a stable fermentation 
environment by balancing the water content, but 
prolonged withering time may lead to nutrient 
losses. In the study, it was observed that withering 
significantly increased the DLG score of alfalfa 
silage, but the interaction between additive addition 
and withering was insignificant in terms of DLG 
score. While the quality classification was high in 
the experimental groups, the interaction between 
withering time and additive was found to be 
significant in terms of NDF value. In particular, it 
was determined that 12 hours of withering time had 
no effect on pH, but 24 hours of withering time 
significantly decreased silage pH with the addition 
of additive. This may be due to the fact that 
prolonged withering improves the fermentation 
environment and increases the activity of lactic 
acid bacteria. In the study, the addition of 4% 
cracked wheat or cracked corn and 2% sucrose 
significantly decreased silage ADF and NDF 
values. However, ADF value was found to be 
significant while NDF value was found to be 
insignificant in terms of withering additive 
interaction.  When all the results of the study were 
analyzed, it was observed that the prolongation of 
the withering period decreased the CP rate of 

alfalfa silage and significantly increased the DLG 
classification, Fleig score, DM ratio, pH, CA, ADF 
and NDF ratios. On the other hand, the additives 
decreased DLG classification, pH, CP, NDF and 
ADF ratios of alfalfa silage compared to the control 
group, increased Fleig score and CA ratio and 
significantly improved feed value parameters. As a 
result, it is seen that withering application is 
beneficial in alfalfa silage production to obtain 
better quality silage, while the addition of additives 
is important. In terms of withering time in alfalfa 
silage production, it was concluded that 24 hours of 
withering and 4% cracked corn addition were 
suitable for optimum silage quality and feed value 
parameters.  
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This study was conducted between 2013 and 2015 in the Çarşamba and Bafra 

districts of Samsun province to quantify the amount of post-harvest residues (kg 

da-1), including stems, branches, leaves, and unmarketable fruits, most widely 

grown plants in the region and considered waste. Additionally, the quality and 

palatability of silages produced from these residues without additives were 

evaluated.  In the study, tomatoes (T), fresh beans (FB), capia pepper (CP), 

pointed pepper (PP), white cabbage (WC), and red cabbage (RC) grown in 9 

villages in Bafra district and 7 villages in Çarşamba district of Samsun were used. 

Maize (M) was used as a standard. The research was conducted to according 

randomized block design with 10 replications. The highest and lowest dry matter 

values in vegetable residues were obtained from T with 25.73% and WC with 

14.68%, respectively. The highest and lowest amounts of residue taken from the 

unit area were obtained from WC with 2791.9 kg da-1 and FB with 988.6 kg da-1, 

respectively. The highest and lowest values obtained from the silage analyses 

were as follows: pH (6.22 in T - 4.73 in WC), crude ash (38.95% in WC - 26.16% 

in FB), organic matter (73.87% in FB - 54.98% in WC), crude protein (15.86% in 

FB - 13.32% in FB), crude fat (3.17% in FB - 0.7% in CP), ADF (39.98% in PP - 

16.96% in RC), and NDF (51.59% in T - 22.64% in RC), respectively. According 

to Flieg scores, it has been determined that CP is in the "good" quality class, FB, 

PP, WC, and RC are in the "moderate" value, and T is in the "low" quality class. 

According to the Relative Feed Values, it was determined that WC and RC were 

"highest", PP and FB were "very good", T and CP were "good" and all silages 

were consumed by animals in palatability tests. In the final scoring, the highest 

score after M was obtained from CP, followed by PP, FB, WC, RC, and the lowest 

score was obtained from T silage.s
1. Introduction 

Considering the bottlenecks in meat and milk 

production throughout our country, it is seen that 

the main issue is high production costs and the 

biggest cost factor is feed input. For this reason, it 

is widely accepted that an increase in 

competitiveness in domestic and foreign markets is 

possible by reducing feed costs. Calculations show 

that approximately 55 million tons of roughage is 

required annually based on dry matter in Türkiye. 

Our need for roughage, cannot be met with an 

average of 17-20 million tons of quality roughage 

obtained from the existing forage crops and 
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pastures (Çelik and Demirbağ, 2013; Özkan, 2020; 

Yavuz et al., 2020). 

Roughage is defined as any material with a 

water content of more than 14% in its natural state 

or a crude cellulose content of more than 16% in 

dry matter and low in digestible organic substances 

and energy value (Akyıldız, 1983; Kılıç, 2000; 

Harmanşah, 2018; Oruç and Çolak, 2019). 

In our country, apart from meadows, pasture and 

forage plants, which are among the sources of 

quality roughage production, there are other 

roughage sources with low forage value.The 

common basic characteristics of the roughage 

sources with low feed value are high crude fiber, 

lignin, and hemicellulose ratios, low energy 

content, crude protein, and digestible organic 

matter levels (Akyıldız, 1983; Jeroch et al., 1993; 

Gülsün and Miç, 2018; Harmanşah, 2018; Oruç and 

Çolak, 2019). However, these roughage sources are 

broken down into organic acids by cellulolytic 

bacteria living in the rumen of ruminant animals, 

and these acids are used in animal energy 

metabolism (Ensminger et al., 1990; Özel and 

Sarıçiçek, 2009; Tekce and Gül, 2014). 

While studies on the improvement of pasture 

and forage crops continue in Samsun, which has 

been selected as the project area, it has been 

determined that abundant residues originating from 

vegetable agriculture, which constitutes a potential 

value for the region, have emerged. The residues in 

question have the potential to be used in silage 

production, which is a valuable feed source in 

ruminant (ruminant; cattle, sheep, goat, etc.) 

breeding. 

It is known that there is a significant level of 

animal existence in Samsun. Although forage 

cultivation and production have increased 5-6 

times in the last 10 years, when evaluated together 

with pastures, it is seen that roughage production is 

far from meeting the need. 

In 2014, the roughage production of Samsun 

province, including silage, fodder crops, and 

pastures, was 350.9 tons on a dry matter basis 

(Anonymous, 2014). Considering the animal 

existence of Samsun province, the amount of 

roughage needed is 878.9 tons based on dry matter 

(Anonymous, 2014). These figures reveal that there 

is a high difference of 528.0 tons between 

production and need. It has been calculated that the 

residual mass that emerges after the production of 

only six species in vegetable agriculture in the 

region can be 456.6 tons and it is thought that some 

of the roughage needed can be met from here. 

With this study, it is aimed to meet some of the 

insufficient roughage needs in livestock activities 

in Samsun by evaluating vegetable residues. 

2. Material and Methods 

The materials of this study were collected from 

farmer's land in 9 villages in Bafra district of 

Samsun and 7 villages in Çarşamba district 

between 2013-2015. The material was 

commercially produced Tomato (T) (Solanum 

lycopersicum), Fresh Bean (FB) (Phaseolus 

vulgaris), Capia Pepper (CP) (Capsicum annuum 

6conoides), Pointed Pepper (PP) (Capsicum 

annuum var. longum), White Cabbage (WC) 

(Brassica oleracea var. capitata sub. var. alba), Red 

Cabbage (RC) (Brassica oleracea var. capitata sub. 

var. rubra) form the residual parts consisting of 

leaves, branches, stems and worthless fruits. As 

packaging material 5 kg yellow and 50 kg black 

plastic bags were used, and coarse table salt (3%) 

was used as an additive. The values for maize (Zea 

mays) silage were determined as the averages of the 

results of previous scientific studies (Also, maize 

silage was not used). 

Residues of vegetable species were taken from 

parcels with an area of 3 da and above, which were 

determined to represent all production areas. The 

study was planned with 10 replications according 

to the randomized blocks experimental design and 

the results were analyzed with the Jump statistical 

program and the obtained data were compared with 

the LSD multiple comparison test. In the selected 

districts in Samsun province, 10 fields were 

determined each representing the province from T, 

FB, CP, PP, WC, and RC vegetable types. Residues 

were collected from three distinct sites to 

accurately represent each parcel, and care was 

taken to ensure that the parcels chosen as 

application subjects were at least 3 da. For each 

replication, in order to represent the selected field 

homogeneously, three samples were taken from the 

harvested areas for each species, and then weighed 

and mixed. To determine the dry matter ratios of 

the raw materials, 500 g of green parts were taken 

to represent the mixture. The DM ratios were 

determined by drying it in an oven at 60 C0 for 72 

hours. Yields per unit area were found by dividing 

the total weight of the harvested material and the 

harvested area per unit area (da). The material to be 

silaged was kept for one day after harvest, then cut 
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into 2-5 cm pieces, filled into 5 and 50 kg plastic 

bags by adding 3% salt, and sealed by vacuuming. 

For physical and chemical analyses 5 kg bags, and 

for palatability tests, 50 kg bags were used. Silages 

were opened after their fermentation was 

completed in 60 days. For the analysis, the silage 

samples of 500 g each were dried in a drying oven 

at 60 °C for 72 hours, and the dry matter ratios were 

determined. Silages obtained from plant residue 

materials were used to determine the dry matter 

(DM), crude protein (CP), crude oil (CO), crude 

fiber (CF), and crude ash (CA) and the analyses 

were made according to AOAC (1990). The 

analyses of acid detergent fiber (ADF) and neutral 

detergent fiber (NDF) were performed according to 

Van Soest et al. (1991). The analysis were 

conducted using the Ankom fiber detector. For the 

volatile fatty acids (VFA; acetic acid, butyric acid, 

and lactic acid) determination, the Lepper method 

was used. Sensory and physical analyses and pH 

measurements were conducted as reported by 

Karabulut and Canbolat (2005). The residual 

material was harvested in 10 fields (parcels) of T, 

FB, CP, PP, and WC types and 8 fields of RC type. 

Due to soil cultivation being done without waiting 

after harvest, RC type material could not be 

obtained in two plots. In the selection of the plots, 

the distribution of the species in question 

throughout the province was taken into account. 

The waste collection process of the applications 

was carried out after the commercial harvest of the 

vegetables. The places where vegetable residues 

were collected and the number of areas are given in 

Table 1. 

 

Table 1. Districts and villages where the study was conducted according to the application subjects. 

 

 

Waste collection work was carried out in 15 

different parcels in 7 villages in Çarşamba district 

and 45 different parcels in 9 villages in Bafra 

district. For T, CB, WC, and RC residual collection 

was carried out only in Bafra district. FB was only 

collected from Çarşamba district, whereas PP was 

collected from both Bafra and Çarşamba districts. 

An average of 6 calico cows of OMU Faculty of 

Agriculture in the 3rd and 4th lactations were used 

for the palatability tests. First of all, an exercise 

period was applied to the animals to prevent 

diarrhea. Each silage was fed to 2 animals. In the 

experiment, 1, 2, 4, 6, 8, 10, and 12 kg of silage 

were used and a total of 258 kg of residual silage of 

each species was used. The animals were fed with 

silage after morning and evening milking. In 

addition, the animal's feed consumption was 

observed every two hours. Rejection threshold, low 

difference threshold, high difference threshold, and 

preference threshold which are considered 

preference index values were defined as 20%, 40%, 

60%, and 80% (consumption rates of dry matter 

given at the start), respectively. The green yield of 

the maize plant and the chemical and technological 

values of the silage feed was taken as the average 

of the values obtained from the previous studies 

carried out in our country (İptaş, 1993; Alçiçek et 

al., 1999; Filya, 2004; Çiğdem and Uzun, 2006; 

Karayiğit, 2005; Özdüven et al., 2009; Erdal et al., 

2009; Özata et al., 2012; Çakmak et al., 2013; 

Konca et al., 2005; Kavut and Geren, 2015; Kaplan 

et al., 2017; Kökten et al., 2017; Kokten, 2020). 

Comparison data of corn silage is given in Table 2. 

 

 

Species Location 
 

Villages   
T Bafra Karpuzlu (2), Doğanca (5), Koşu (2), Agıllar (1) 

FB Çarşamba Ahubaba (1), Durakbaşı (2), Karamustafalı (3), Ovacık (2) 

CP Bafra Karıncak (2), Türbe (2), Koşu (3), Doğanca (2), Yeşilyazı (1) 

PP  
Bafra Karpuzlu (1), Koşu (2), Türbe(2) 

Çarşamba Karamustafalı (1), Kumtepe (2), Kurugöl (1), Bölmeçayır(1) 

WC Bafra Türbe (2), Karıncak (5), Karpuzlu (1), Sarıköy (2) 

RC Bafra Karıncak (3), Koşu (1), Türbe (2), Sarıköy (1), Doğanca (2), Altunova (1) 
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Table 2. Basic comparison data of maize silage. 

Silage 

Material 
% DM pH CP CA RFV 

Yield 

(kg da-1) 

Palatability 

Score 

Sensory 

test Score 

OA 

Score 

Maize 28.38 4.06 7.16 7.28 150< 6139.50 100.00 19 63 

The "weighed grading method" was used to 

score the wet residue yield of the residual materials 

of the maize plant as the comparison material and 

the pH, sensory tests, DM, CP, CA, RFV, OA 

(organic acid), and palatability tests of the silages 

by putting them into a single table (Serdar, 1994; 

Demirsoy, 1999; Çelikel, 2005). Scoring was 

determined separately for each data out of 10 

points. Accordingly, the Könisberg method was 

used in scoring pH and sensory tests. In the scoring 

of pH assessments scoring was made between 0-4. 

The obtained scores were processed according to 

the “score*10/4” formula. In the evaluation of 

color, smell, taste, and structure of sensory tests, 

the best and worst values (0-4 / 0-7 / 0-4) were 

scored. The total score obtained was in the range of 

0-20, so it was used in the "10 / 20 * score" formula. 

processed accordingly. Green residual values were 

processed according to the formula “yield*10/ 

highest yield”. DM values were evaluated between 

0-35%, 2 points between 0-15%, and 2 points were 

added for each 5% increase. CP values were scored 

as 0-15% and 16=<, 1 point between 0-8, and then 

the scoring was increased by 1 in every 1-unit 

interval and 16+ was accepted as 10 points. CA 

values were evaluated between 0-40%, 0-10% was 

accepted as 10 points, and every 5% increase was 

reduced by 1 point. RFV values were scored as 0-9 

points in the range of 40-150 and above 150 as 10 

points. OA values were scored between 1-10 

points, with a 1-point increase for every 10-point 

increase in the score range of 0-100. The score for 

the palatability test values was created according to 

the "preference index values", and every 10% value 

between 10-100% was evaluated as a point and 

scored between 1-10. 

3. Results 

3.1. Dry Matter Ratio and Wet Residual Yield 

Table 3. DM ratios and wet residue yield of the residues that are the subject of the application. 

Species 
DM 

(%) 
Fresh residual yield (kg da-1) 

T(Tomatoes) 25.72 A 1.083 C 

FB(Fresh Beans) 18.84 C 988.6 C 

CP(Capia Pepper) 21.94 BC 1.867 B 

PP(Pointed Pepper) 23.52 AB 2.515 A 

WC(White Cabbage) 14.82 D 2.662 A 

RC(Red Cabbage) 20.12 C 2.188 AB 

Average 20.82 1.884 

CV (%) 16.50 33.06 

Level of Importance  ** ** 

LSD (0.05) 3.09 5.61 

 

When Table 3 is examined, the highest DM ratio 

was determined in T residue, followed by PP, CP, 

and RC, and the highest residual yield was 

determined from WC, PP, and RC. 

 

Table 4. Green part residue production in the species studied in Samsun in 2014 

Working Area Species Year 
Cultivation 

Area (da) 

Residue Yield 

(Ton/da) 

Total Fresh Residue Production 

(Ton) 

Samsun 

T 2014 51.034 1.082 55.218 

FB 2014 82.093 0.988 81.107 

CP 2014 27.480 1.867 51.305 
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PP 2014 55.344 2.514 139.134 

WC 2014 28.936 2.791 80.760 

RC 2014 22.440 2.188 49.098 

Total  
 

267.327 
 

456.622 

 

When Table 4 is examined, it is seen that the 

highest residue production in Samsun is obtained 

from the PP type with 139.1 tons. The least amount 

of residue is obtained from the RC type with 49.1 

tons. A total of 456.6 tons of waste material was 

produced from six vegetable types (Anonymous, 

2014). 

 

3.2. Analysis and Findings Conducted in Silo Feed 

3.2.1. pH and Sensory Tests 

Table 5. pH, sensory tests, and the Flieg score values in silage of vegetable residues 

Species pH Flieg Point Score Sensory Test Score 

T (Tomatoes) 6.22 22.0 
Low  

(21-40) 
13.0 

Moderate 

(10-13) 

FB(Fresh Beans) 4.93 59.0 
Moderate  

(41-60) 
13.0 

Moderate 

(10-13) 

CP(Capia 

Pepper) 
4.88 61.0 

Good  

(61-80) 
13.5 

Moderate 

(10-13) 

PP(Pointed 

Pepper) 
5.47 47.0 

Moderate  

(41-60) 
10.5 

Moderate 

(10-13) 

WC(White 

Cabbage) 
4.73 52.43 

Moderate 

(41-60) 
15.84 

Good  

(14-17) 

RC(Red 

Cabbage) 
5.19 49.75 

Moderate  

(41-60) 
14.73 

Good  

(14-17) 

 

Standard pH ranges are 3.5-5 (Kutlu, 2011). In 

silage samples, the highest pH value was 

determined at T and the lowest at WC. The pH 

values of PP, T, and RC species were above the 

limit values specified in the literature. In terms of 

sensory tests, it was determined that WC and RC 

have "good" values, while T, FB, CP, and PP 

resulted in "moderate" values. According to the 

Flieg scores, it was determined that CP was in the 

"good" quality class, FB, PP, WC, and RC were in 

the "moderate", and T was in the "low" quality 

class (Table 5). 

3.2.2. Nutrient analysis 

Table 6. CP, CA, OM, CO, ADF, and NDF analysis results in silage of vegetable residues 

Species 

DM 

(%) 

CA 

(%) 
OM (%) 

CP 

(%) 

CO  

(%) 
ADF (%) 

NDF 

(%) 

T 29.34 A 31.40 B 68.59 B 15.03 AB 2.64 AB 38.48 AB 51.58 A 

FB 25.70 B 26.15 C 73.87 A 15.85 A 3.16 A 34.60 B 46.48 A 

CP 25.68 B 27.91BC 72.08AB 14.51 ABC 0.76 E 38.70 AB 48.29 A 

PP 28.01 A 27.03 C 72.96 A 14.05 BC 1.72 CD 39.97 A 49.64 A 
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WC 18.31 D 35.95 A 57.68 C 13.32 C 2.15 BC 18.12 C 24.17 B 

RC 20.63 C 38.49 A 54.97 C 13.34 C 1.38 DE 16.95 C 22.63 B 

Average 24.61 31.15 66.69 14.3 2.21 31.142 40.47 

CV (%) 10.17 13.29 5.8 13.02 36,9 15.6 14.05 

Level of 

Importance  ** ** ** * ** ** ** 

LSD (0.05) 2.24 3.73 3.53 1.68 0.65 4.39 5.12 

 

In DM, CA, CO, OM, ADF and NDF analyzes, the 

difference between species was found to be 

statistically very significant, in CP analyzes the 

difference between species was statistically 

significant. DM contents in silages T and PP are in 

the same group in residual silages. The lowest DM 

rates were obtained from WC and RC. When the 

CA assets were examined, it was determined that 

WC and RC had the highest CA presence and were 

in the same group. T and RC were in the second 

group, and the lowest CA presence was in FB and 

PP. When OM values are examined in terms of 

their direction, the highest to lowest OM values 

were found in FB, PP, CP, T, WC, and RC, 

respectively. When the CP ratios are examined, the 

highest value was obtained from FB, followed by 

T, and PP, while the lowest was found in silages 

obtained from WC, and RC. As for their CO yields, 

the highest CO value was obtained from FB, 

followed by T, WC, PP, RC and CP, respectively. 

In terms of ADF ratios, the highest ADF ratio was 

determined in PP, CP and T, followed by FB. The 

lowest ADF was determined in WC and RC. While 

the highest NDF ratio was T, FB, CP, PP, the 

lowest NDF value was determined in RC and WC 

(Table 6). RFV values in silage of vegetable 

residues are given in Table 7. 

 

Table 7. Relative feed values in silages of vegetable residues subject to application 

Species RFV Score 

T(Tomatoes) 116.74 Good (124-103) 

FB(Fresh Beans) 134.55 Very good (151-125) 

CP(Capia Pepper) 122.82 Good (124-103) 

PP(Pointed Pepper) 125.98 Very good (151-125) 

WC(White Cabbage) 291.38 Very good (>150) 

RC(Red Cabbage) 317.26 Very good (>150) 

Relative Feed Value was found to be “good” and 

“very good” in all vegetable species subject to the 

application. Relative feed values were very high in 

WC and RC species. 

3.2.3. Organic Acid analyzes 

Table 8. AA, BA, and LA values in the silage of the vegetable residues that are the subject of the application 

Species % LA* 

 

% AA* % BA* Fleig Points Score 

T 0.96  2.24 -0.78 50.5 III = Satisfactory 

FB 1.47  2.12 -0.28 39.7 IV = Moderate 

CP 0.65  0.43 -0.04 65.8 II = Good 

PP 1.00  0.68 -0.08 68.6 II = Good 

WC 1.67  4.10 -2.61 55.5 III= Satisfactory 

RC 1.45 0.35 -0.02 88.2 I = Very good 

*LA (Lactic acid), AA (Acetic acid), BA (Butyric acid) 
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The most ideal limit values for LA are ≥ 2%, AA 

< 0.8%, BA = 0 (Kılıç, 2006; Kılıç, 1986; Alçiçek 

and Özkan 1996). While RC was "very good", CP 

and PP were "good", T and WC were 

"satisfactory", FB was "moderate" in the vegetable 

species subject to the application (Table 8). 

3.2.4. Palatability Tests 

 

Table 9. The results of palatability tests in silage of vegetable residues  

Species 
Consumption 

(%) 

Feed amount (kg day) 

1 2 4 6 8 10 12 

T  
Consumed 80 80 100 100 100 100 100 

Remaining 20 20 x x x x x 

FB 
Consumed 100 100 100 100 100 100 100 

Remaining x x x x x x x 

CP 
Consumed 100 100 100 100 100 100 100 

Remaining x x x x x x x 

PP 

Consumed  100 100 100 100 100 100 100 

Remaining x x x x x x x 

WC 

Consumed 100 100 100 100 100 100 100 

Remaining x x x x x x x 

RC  

Consumed 100 100 100 100 100 100 100 

Remaining x x x x x x x 

 

Initially, some reluctance was observed in the 

consumption of T silage at 1 and 2 kg day 

applications. In all other applications, all the silages 

given were consumed by the animals (Table 9). 

Table 10. Combined final scoring table of some physical and chemical properties of the silages of the studied 

species and the comparative material 

Species 

Residual 

yield  

(0-10) 

pH  

(0-10) 

Sensory 

Test  

(0-10) 

DM 

(0-10) 

CP(0-

10) 

CA (0-

10) 

RFV 

(0-10) 

OA  

(0-10) 

Palatability 

test  

(0-10) 

Total 

(points) 

T 
1.51 0 6.5 8 9 5 7 6 9 52.01 

FB 
1.38 2.5 6.5 8 9 6 8 4 10 55.38 

CP 
2.6 2.5 6.75 8 8 6 7 8 10 58.85 

PP 
3.5 0 5.25 8 8 6 8 8 10 56.75 

WC 
3.9 2.5 7.92 4 7 4 10 6 10 55.32 

RC 
3.05 0 7.36 6 7 4 10 9 10 53.36 

M 10 7.5 9.5 8 1 10 9 9 10 74 

 

When the values of residual silages from all 

evaluation criteria are scored in a single table, the 

comparison material maize (M) has the highest 

value with 74 points, followed by CP, PP, FB, RC, 

and WC, respectively. Type T had the lowest value 

with 52.01 points (Table 10). 

4. Discussion  

The DM ratios of the residues of the studied 

species ranged from 18.68% (WC) to 25.73% (T). 

Considering that the DM ratio of the maize plant is 

34.75%. The DM rates of the species in the study 
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were lower when compared to maize. The DM ratio 

required to make silage feed in water-rich materials 

should be between 25-35% (Kutlu, 2011 For the 

vegetable species that are the subject of the 

application in the study, only residue obtained from 

T falls within this range. In a study conducted by 

Ozkul et al. (2011), where some values of different 

vegetable residue mixtures, wheat straw and wheat 

bran were evaluated, the DM contents of vegetable 

mixtures were found to be 12.16%. DM content of 

silage prepared from Chinese cabbage residues was 

reported as 13.5% in a research by Kafle et al. 

(2014). In silage studies to be carried out with the 

materials under study, to increase the DM ratio of 

the materials, it can be considered that withering, 

mixing with other materials with high DM ratio at 

certain rates, or making silages after removing the 

high percentage of water in their structure by 

mechanical methods. 

In terms of yield per unit area, there is a high 

difference between the comparison material M 

plant and materials used in this study. The closest 

yield value to M (6139 kg da-1) was obtained from 

PP, RC, and WC species. In the previous literature, 

there are very few studies on the determination of 

yield values per unit area in the species that are the 

subject of the application. In the study, the residues 

left over from tomato cultivation in open areas 

were found to be 1082 tons da-1. Di Blasi et al. 

(1997), “The yield per unit area of tomato residues 

in greenhouses is 1.3 tons da-1”, Kürklü et al. 

(2004) reported that only 111.481 tons of dry 

matter from tomato greenhouses and 15.8 tons 

from eggplant greenhouses are produced in the 

Antalya region, where intensive greenhouse 

cultivation is carried out. The reasons for the 

difference may be due to regional, aquaculture, 

species, decare, and total yield differences. 

Acceptable pH values in silo materials vary 

between 3.5-4.9 (Kutlu, 2010). The average pH 

value of M silages was found to be 4.06. As for the 

materials used in this study, it was determined that 

WC, CP, and FB, have pH values within the 

acceptable range together with M. Whereas T, PP, 

and RC have pH values above the acceptable range 

values. 

Ozkul et al. (2011) found that pH values in 7 

different silages made from vegetable residues 

were between 4.09 and 4.20. In a study conducted 

by İptaş (1993), pH values were found to be 

between 4.25-4.6 in 3 different corn varieties, 6.15 

in bean residue and 5.3 in cowpea. Kafle et al. 

(2014) reported a pH value of 5.8 in silage prepared 

from Chinese cabbage residues. When the pH 

values in all three literatures above are examined, 

it can be seen that the pH data obtained from 

subjects other than M are in parallel with the data 

from our study. 

In the study, the CP value was determined to be 

between 13.32-15.86%. Whereas the CP value in 

the comparison material M is 7.16%. In roughage, 

CP is a very important criterion. All of the materials 

used in this study nearly have a CP ratio of 2 times 

more than the benchmark material. It is thought that 

the reason for the high pH value of the silages 

obtained from the examined species is due to their 

high CP content and low water-soluble 

carbohydrate content. Ishida et al. (2000) reported 

that easily soluble carbohydrates should be added 

for better fermentation and silage quality due to the 

high protein content in silages made with sweet 

potato leaves. 

Color, odor, and structure were examined in the 

evaluation made in terms of physical properties, 

and it was seen that WC and RC were "good" and 

other applications were "moderate". Although 

there are acceptable data, it is thought that this 

result may be due to the low DM content of the 

residues collected from the field, especially the 

worthless fruits, and possible decay. 

While the DM ratios of T and PP species in 

silages of vegetable species were statistically in the 

same group, FB and CP were in a subgroup. The 

lowest DM rate was determined in WC and RC 

species. The DM ratio obtained from silages 

obtained from maize plant is 28.38% and the ratio 

is the same as T. While the DM rate of M silage is 

expected to be higher, it is thought that it is due to 

silage being made earlier than necessary 

uncontrolled farmer conditions. It is thought that 

the main reason for the low DM rate of the residues 

in the study is due to the high water content during 

harvest. Vilela de Rezende et al. (2015) found DM 

between 20-25% in their study investigating the 

silage possibilities of milled maize added cabbage 

residues. No DM value can be compared with the 

DM value obtained in our study since cabbage 

residues were not siled up alone in the study in 

question. However, the fact that the DM content is 

so low even in the ground maize added silage 

reveals that the DM values determined for WC and 

RC in the current study (18.31% and 20.63%, 

respectively) are at an acceptable level. It is thought 

that increasing the DM ratio of silage materials will 
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make the study more successful. Increasing the DM 

ratio of silage materials will make the study more 

successful. Obtaining a high DM ratio can be 

achieved by withering, mixing with materials with 

high DM ratios, making silage, or processing the 

high water content in the materials by crushing or 

squeezing. However, considering that the harvest 

dates of these materials are between September and 

February, and considering the abundance of 

autumn rains in the region, there may be limitations 

in withering. Opportunities to make silage by 

mixing with materials with high DM content or by 

breaking them in one go by methods that can be 

developed during harvesting from the field, and 

then by squeezing or centrifugal effect. It is thought 

that the possibility of increasing the DM ratio by 

removing the water should be investigated. 

In the evaluation of CA rates, it can be seen that 

the CA value varies between 26-38% in all 

application subjects. Considering that the CA value 

of M is 7.28%, the CA values of the application 

materials are very high. Ozturk et al. (1998) 

investigated the possibilities of using amaranth 

(Amarantus cruentus) as silage feed and 

determined the CA ratio in silages of amaranth 

plants grown at 5 different nitrogen doses between 

16.7-18.9%. It is thought that the main reason for 

the high CA ratio in our study may be due to the 

3% salt added over the weight of the residues 

during silage production and the soil material with 

a high probability of contaminating the residual 

materials, especially for T, WC, and RC types. 

When ADF and NDF values were examined, it 

was determined that ADF was between 34.61-

39.98% and NDF was between 46.48% and 

51.59% in T, FB, CP, and PP. In RC and WC, it is 

seen that ADF values are very low, between 16.96-

18.13%, and NDF between 22.64-24.17%. In their 

study, Özkul et al. (2011) determined that OM 

82.72%, CP 22.59%, ADF 26.49%, and NDF 

28.69% in silages obtained from 100% vegetable 

mixture residues. Binversie and Miller. (2013), in 

the study evaluated comparatively the nutritional 

contents of maize silage and cabbage silage, where 

they determined that DM in cabbage was 7%, CP 

16.6%, ADF 15.8%, NDF 29%, DM 35%, CP 

8.5%, ADF 24%, NDF 43%. Agneessens et al. 

(2014), in their study, determined the quality values 

of vegetable and orchard residues compost and 

silage, vegetable residues silage, and fresh 

vegetable residues, they found DM of the silage 

obtained in the section related to vegetable residues 

to be between 16.1-19.2%. When the data in these 

studies are compared with the data obtained from 

our study, the ADF and NDF values of the 

materials with low DM ratio decreased 

accordingly, and therefore the low ADF and NDF 

values of WC and RC can be explained in this way. 

ADF and NDF values were also determined as 

low due to the medium and low DM % ratios in silo 

feeds. As a result, RFV was found to be good and 

very good in all application subjects. ADF and 

NDF values, which are very low, especially in 

cabbage species, have maximized the RFV value of 

these materials. 

The LA values in the residual silages of the 

species are low when compared with the literature 

data. Accordingly, the amounts of AA and BA 

increased. As a result of scoring the current 

findings, fleig scores in all species revealed values 

between moderate and good. If the cabbage 

residues are ensiled without additives, the lactic 

acid level decreases and it is not possible to obtain 

quality silage (Cao et al., 2011). 

 Compared to other bacteria, lactic acid bacteria 

can develop best in an oxygen-free environment 

(15-25 C°), at a pH of 4-5, in 35-40% dry matter, 

and if the silo feed contains 2-3% sugar (Alçiçek et 

al.1999. The required LA level in silage feeds is 2% 

(Kılıç, 2006). The low LA values can be explained 

by the high CP values of the species and the low 

carbohydrate content. 

5. Conclusion 

When the time of consuming the silage of the 

animals was followed, it was observed that they 

consumed the CP and PP silages more eagerly. 

Between April 1st and October 1st, when green 

fodder is abundant in nature, the roughage needs of 

animals are provided by nature or from the 

roughage stock of the enterprise. Grain silages and 

maize silages, which are more preferred by 

animals, are mostly consumed in the early winter 

and early spring periods. Considering the daily 

caloric needs of the animals, it is thought that it 

would be more appropriate to feed the silages that 

are the subject of the study in the winter period and 

can be consumed more lovingly in this period. As 

a result of the evaluation of the study materials as 

silage in Samsun, it is thought that a significant part 

of the roughage that the province will need can be 

obtained from here. There has been no problem in 

the consumption of silo feeds obtained from waste 

materials  by animals.    Although   there   is   little 
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reluctance in T type silages, it has been observed 

that they consume all other types with pleasure. It 

has been determined that the best quality and 

preferable silage feed is KB when compared to the 

M material in terms of silo feed quality, and then 

PP, FB, WC, RC, and T can be preferred, 

respectively. Mechanization practices that will 

ensure the removal of high water content by 

crushing and squeezing the waste materials during 

harvest and centrifugal effect when necessary. It is 

thought that it may be appropriate to mix the 

vegetable species under study with different silage 

materials which are rich in carbohydrates. This will 

increase the DM ratio, in certain proportions. For 

these materials, which have production potential 

and substantial feed values, to be used as silage 

feed, it is beneficial to improve their quality values 

and to develop mechanization methods and 

practices that will facilitate harvesting and silage 

production. 
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A   B   S   T   R   A   C   T 

 

The aronia plant, which is native to North America, has recently come to the 

forefront as a berry-like fruit that has attracted interest in terms of its usability in 

animal nutrition owing to its powerful antioxidant compounds such as 

anthocyanins, flavonoids, polyphenols and proanthocyanidins. However, studies 

conducted in our country and around the world have shown that aronia is more 

suitable for use as a feed additive in animal rations to increase the quality of 

animal products such as meat, milk and eggs rather than for direct use in animal 

nutrition. This is particularly evident when compared to quality forage sources 

such as alfalfa and sainfoin.
s

1. Introduction 

According to the latest research in our country, 

the number of large cattle increased by 2.5% 

compared to the previous year, reaching 16 million 

208 thousand (excluding buffalo), the number of 

sheep increased by 4.8% compared to the previous 

year, reaching 44 million 80 thousand 584 head, 

and the number of goats increased by 5.0% 

compared to the previous year, reaching 10 million 

822 thousand 84 head (TÜİK 2024), Therefore, 

exploring new forage sources becomes essential, 

among which aronia emerges as a candidate. 

However, since this need cannot be met by the 

basic roughage sources of our country, which are 

meadows and pastures, legume-cereal forage crops, 

and the stems and straws of cereals, importance has 

been emphasizedto alternative roughage sources in 

order to increase both production and quality. For 

this purpose, in addition to legume and gramineous 

forage plants such as beet (Beta vulgaris L.), turnip 

(Brassica rapa L.), pomace, amaranth 

(Amaranthus sp.) and black chard (Atriplex sp.) 

(Tan and Temel 2012), some agricultural industrial 

by-products (beer pulp, grape pomace, anise pulp) 

have the opportunity to be evaluated as alternative 

feed sources (Özdüven et al., 2005). The idea of 

whether the aronia plant, which has become 

commercially widespread since 2017 and contains 

many bioactive compounds including 

anthocyanins, carotenoids, fatty acids, flavonoids, 

phenolic compounds and vitamins, will be 

evaluated in terms of animal husbandry has been on 

the agenda (Yılmaz et al., 2021). 

Aronia fruit has become a well-known food in 

the field of health and nutrition in recent years. In 

particular, the bioactive components and 

nutritional value found in its fruit provide 

significant health benefits (Gümüştepe et al., 

2022). In particular, the secondary compounds 

present in the fruit have a protective effect and can 

reduce the risk of people being exposed to diseases 

(Bayram and Öztürkcan, 2022). A plant belonging 

to the Rosaceae family, Aronia is the fruit of 

Aronia melanocarpa and has three species: Aronia 

https://orcid.org/0000-0002-7749-5553
https://orcid.org/0000-0002-6348-4335
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arbutifolia (Ell.) Pers. (Red chokeberry), Aronia 

melanocarpa (Black chokeberry) and Aronia 

prunifolia (Marsh.) (Purple chokeberry) (Slimestad 

et al., 2005; Strigl et al., 1995). This plant, whose 

natural habitat is North America, is generally 

known as the Aronia Bush or Black Rosehip. In 

1910, Russian scientist Ivan Mitschurin aimed to 

develop a sweet fruit by hybridizing Sorbus and 

Mespilus aronia species and for this purpose 

produced two new varieties called Likernaja and 

Desertnaja Michurina. After World War II, aronia 

cultivation spread rapidly in Europe and Russia as 

of 1946, and large-scale aronia gardens were 

established especially in the former Soviet Union 

republics such as Belarus, Moldova, the Siberian 

Federal District of Russia and Ukraine, and this 

process continued steadily. Following this, after 

1950, it was widely produced in gardens, especially 

in Eastern Europe, especially in the east, and in 

European countries in general, especially in 

Germany (Šnebergrova et al., 2014). 

2. Cultivation Areas in the World and 

Türkiye 

In Russia, in 1910, Ivan Mitschurin, who 

hybridized Sorbus and Mespilus with North 

American aronia, started breeding studies on aronia 

and developed two cultivars, called Likernaja and 

Desertnaja Michurina (Walther and Müller, 2012). 

Aronia cultivation later became widespread in 

Europe and Russia from 1946 onwards and was 

first brought to Japan from the former Soviet Union 

in 1976. In the 1980s, aronia cultivation began to 

be active in the countries of the former Soviet Bloc 

(Czechoslovakia, Bulgaria, Poland, East Germany 

and Slovenia) and the Scandinavian countries 

(Denmark and Finland) (Walther and Müller, 2012; 

Kokotkiewicz et al., 2010). In 1996, Jan Mills 

Wayne brought important varieties for commercial 

aronia cultivation from Polish agricultural schools 

to the United States, and Poland began to supply 

approximately 90% of the world's aronia 

production. The planting areas and production 

values of the countries, including Poland, are given 

in Table 1, while the varieties commonly used by 

the countries are shown in Table 2 (Poyraz and 

Engin, 2019; Fidancı, 2015; Šnebergrová et al., 

2014; Strigl et al., 1995). 

Table 1. Aronia production values in the world 

Countries Production Areas (ha) Production Quantities (tons) 

Poland 6000 50000 

USA 800 2500 

Germany 853 1434 

Türkiye 78 130 

Finland 60 4 

 

Table 2. Aronia varieties cultivated by country 

Country Cultivated Varieties 

Denmark Aron 

Czech Republic Nero 

Finland Viking 

Sweden Hugin 

Hungary Fertödi 

Türkiye Nero, Viking 

 

In Türkiye, it stands out as a smaller producer 

with a production of 130 tons in an area of 78 

hectares. According to 2021 data, aronia 

cultivation in Türkiye is most intensively carried 

out in the provinces of Kırklareli (40000 seedlings,  

240 decares), Bursa (23500 seedlings, 141 decares) 

and Manisa (15500 seedlings, 90 decares), while 

production is more limited in other provinces 

(Table 3). 
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Table 3. Number of saplings and production areas in the provinces where Aronia cultivation is economically 

carried out in Türkiye. 

 

3. Systematics and Morphology 

When examined from a botanical perspective, 

Aronia is defined as Aronia from the Angiosperms 

(Angiosperms) Division, Eudicolydon 

(Dicotyledons) Subdivision, Meloideae Class, 

Rosales Order, Rosaceae (Rosaceae) Family, 

Amygdaloideae Subfamily structure, Maleae 

Genus. Aronias are frequently confused with 

chokecherries, which is the common name of 

Prunus virginiana. Aronia berries and 

chokecherries both contain polyphenolic 

compounds such as anthocyanins, but these two 

plants are somewhat distantly related in the 

Amygdaloideae subfamily. Black chokeberry is a 

common shrub grown in Central Europe, where it 

is mostly used for food production (Ekiert et al., 

2021). 

 

Figure 1. General view of the aronia plant (https://www.berkefidancilik.com/50-adet-katya-kirmizi-aronya-

aronia-fidesi--10-15-cm---brkfdnclk00605; https://www.sopeyzaj.com/aronia-melanocarpa/#prettyPhoto). 

 

The genus Aronia is thought to have three 

species (Kulling and Rawel 2008; Ekiert et al., 

2021). The most common and widely used is 

Aronia melanocarpa (black chokeberry), which 

originates from eastern North America. The lesser-

known Aronia arbutifolia (red chokeberry) and the 

hybrid form of the above-mentioned species, 

Aronia prunifolia (purple chokeberry), were first 

cultivated in central and eastern North America 

(Ekiert et al., 2021). 

Aronia is a perennial shrubby plant that can 

grow to 2-2.5 m in height, and the fruit diameter 

varies between 6-13 mm, while the fruit weight 

varies between 0.5-2 g. When the fruits are fully 

ripe, they can be consumed fresh (King and 

Province Number of Seedlings (Pieces) Production Area (da) 

Kırklareli 40.000 240 

Bursa 23.500 141 

Manisa 15.500 90 

Kırşehir 8.000 48 

Yalova 8.000 48 

Çanakkale 7.000 42 

Samsun 6.000 36 

İzmir 5.000 30 

Antalya 3.000 18 

İstanbul 3.000 18 

Ordu 3.000 18 

Ankara 2.000 12 

https://www.sopeyzaj.com/aronia-melanocarpa/#prettyPhoto
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Bolling, 2020). The aronia plant, which has 

hermaphroditic flowers, has 5 sepals, 5 petals and 

10-30 stamens. The number of flowers in the 

cluster varies between 20 and 25. Aronia fruits 

ripen in 90-110 days, depending on the variety, 

pruning method and climate factors, and are 

harvested in late August or early September. While 

the fruit size varies between 1.2-1.7 cm, the water-

soluble dry matter ratio is measured between 14-20 

Brix and the acidity value is between 0.75-1.05 g 

citric acid/100 g (Ara, 2002; Kulling and Rawel, 

2008; Ochmian et al., 2012; Anonymous, 2021; 

Ministry of Agriculture and Forestry 2022). Aronia 

plant produces 8-12 fruits in each bunch starting 

from the second year of planting, achieves the 

highest yield in the third year, and 500-1200 kg 

yield is achieved per decare in five years. 

4. Nutritional and Chemical Content 

It is known that the fruits in the berry group have 

rich antioxidant and anthocyanin amounts. Aronia 

is also included in the berry group and stands out 

as a plant with various phytochemicals and high 

antioxidant and anthocyanin capacity. Thanks to 

this rich variety of phytochemicals, it attracts the 

attention of researchers and is expressed as a 

functional product on which studies are 

concentrated (Yurtkulu, 2022, Eskimez and Polat, 

2023). Its fruit is known for its high antioxidant 

content, rich in vitamin C, fiber and many other 

vitamins and minerals (Table 4, 5). Particularly, its 

richness in antioxidants is considered a key factor 

supporting its health benefits. 

 

Table 4. Nutritional Content of Aronia Fruit 

Contents Value Reference 
Dry Matter (%) 16,7-28,8 Lehmann 1990 

Glucose+Fructose (g/kg) 130–176 Lehmann 1990 

Oil (%) 0,14 Tanaka and Tanaka 2001 

Protein (%) 0,7 Tanaka and Tanaka 2001 

Vitamin C (mg/kg) 13-270 Lehmann 1990 

Vitamin B1 (μg/kg) 180 Tanaka and Tanaka 2001 

Vitamin B2 (μg/kg) 200 Tanaka and Tanaka 2001 

Vitamin B6 (μg/kg) 280 Tanaka and Tanaka 2001 

Vitamin K (μg/kg) 242 Tanaka and Tanaka 2001 

Folate (μg/kg) 200 Stralsjo et al. 2003 

l-Malic Acid (g/kg) 13,1 Tanaka and Tanaka 2001 

Citric acid (g/kg) 2,1 Tanaka and Tanaka 2001 

-β-Carotene (mg/kg) 16,7 Razungles et al. 1989 

β-Cryptoxanthin (mg/kg) 12,2 Razungles et al. 1989 

 

Table 5. Chemical Content of Aronia Fruit 

Components Value 

(ppm) 

Reference 

Minerals 

Na 26 Tanaka and Tanaka 2001 

K 2180 Tanaka and Tanaka 2001 

Ca 322 Tanaka and Tanaka 2001 

Mg 162 Tanaka and Tanaka 2001 

Fe 9,3 Tanaka and Tanaka 2001 

Zn 1,47 Tanaka and Tanaka 2001 

Anthocyanins  

Cyanidin-3-arabinoside 14,6- 39,9-

58,2 

Slimestad et al. 2005; Wu et al. 2004, 

Oszmianski and Wojdylo 2005 

Cyanidin-3-galactoside 23,7 -99- 

128,2 

Zheng and Wang 2003; Wu et al. 2004, 

Oszmianski and Wojdylo 2005 

Cyanidin-3-glucoside 1-3,76- 4,2 Slimestad et al. 2005; Wu et al. 2004, 

Oszmianski and Wojdylo 2005 

Cyanidin-3-xyloside 1-4,7-5,3 Slimestad et al. 2005; Zheng and Wang  

2003; Oszmianski and Wojdylo 2005 
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Pelargonidin-3-arabinoside 0,23 Wu et al. 2004 

Flavonols 

Quercetin-3-galactoside 3,7 Oszmianski and Wojdylo 2005 

Quercetin -3-glucoside 2,73 Zheng and Wang 2003 

Quercetin -3-rutinoside 1,5 Oszmianski and Wojdylo 2005 

(–)-Epicatechin 2,7 Oszmianski and Wojdylo 2005 

Chlorogenic acid 30,2 Oszmianski and Wojdylo 2005 

Neochlorogenic acid 29,1 Oszmianski and Wojdylo 2005 

 

5. Ecological Features 

Aronia, which can be grown in many parts of the 

world, has a wide adaptability and the regions 

where it develops best are temperate areas 

(Yurtkulu, 2022). Adapted to high altitudes, the 

plant blooms late in spring and is also resistant to 

late spring frosts. Aronia blooms late in spring and 

is quite resistant to late spring frosts (Strik et al., 

2003; Cujic et al., 2018; Jurendic and Scetar, 

2021). Although it is cultivated at temperatures 

down to -29 and -350 C (Tolić et al., 2017; Cujic et 

al., 2018; Jurendic and Scetar, 2021), the plants are 

sensitive to frost in late April/early May, when 

flower formation occurs. For this reason, the plant 

is planted in early spring, but if mulching is 

possible, the plant can also be planted in autumn 

(Ekiert et al., 2021). 

The plant, which has good productivity and 

quality in sunny areas (Yurtkulu, 2022), shows 

vegetative development at minimum 60 C, 

maximum 350 C and average 15-250 C 

temperatures (Tolić et al., 2017). Although the 

exact cooling requirement is not fully determined, 

it has been reported to be approximately 800–1000 

hours according to Engin et al. (2018). The air 

temperatures where the plant is grown, sunlight 

status and rainfall amounts significantly affect the 

phenolic and flavonoid ratios especially in the fruit 

content (Kalt, 2005; Tolić et al., 2017). The water 

requirement of the plant is no different from other 

plants and it is of great importance that the rainfall 

decreases during the vegetation period. The plant, 

which has the opportunity to grow in places with an 

annual rainfall of 500-600 mm, can be subjected to 

drip and irrigation, especially in the months (July 

and August) when there is water shortage during 

the fruit growth periods (Yurtkulu, 2022). 

Although the perennial and bush-like grape 

plant with high adaptability can grow in almost all 

types of soil, the most preferred soils are those that 

do not have drainage problems, are moist, have 

medium texture, are rich in organic matter and have 

a pH value of 6-6.5 (Çelik et al., 2022; Yurtkulu, 

2022). The addition of organic substances such as 

4-5 tons of compost and well-rotted barn manure to 

the soil a year before significantly increases the 

yield of the plant. When necessary, chemical 

fertilization is also done in order to increase the 

vegetative development of the plant, and it would 

be appropriate to divide the amount into two in 

June and July and give 2.0 and 2.5 kg da-1 N and 5-

6 kg da-1 P2O5 in the first year before planting. 

6. Areas of Use in Animal Husbandry 

In recent years, the global interest in healthy and 

natural nutrition has significantly increased, 

leading to a heightened focus on the use of 

alternative sources in animal production. For this 

purpose, the idea of aronia plant as a quality 

roughage source or usability in animal production 

has come to the fore thanks to both its polyphenol 

content and biologically active components that 

support digestion, and the studies conducted on the 

subject are briefly given below under subheadings. 

Use in the meat industry 

Today, many products are used to reduce the 

negative situations in processed meat products and 

to support their nutritional value (Shan et al. 2017). 

In particular, changes in color, taste and odor that 

lead to oxidation are the most important negative 

factors in the preference of meat and meat products 

by consumers (Bellucci et al., 2022). Although 

these negative effects that cause oxidation can be 

prevented with antioxidants such as synthetic 

propyl gallate (PG), tert-butylhydroquinone 

(TBHQ), butylated hydroxyanisole (BHA) and 

butylated hydroxytoluene (BHT) (Granato et al., 

2017; Lorenzo et al., 2019), they can have negative 

effects on the health of consumers. For this reason, 

the use of natural antioxidants instead of synthetic 

antioxidants has recently come to the fore in order 

to regulate lipid and protein oxidation. (Nikmaram 

et al., 2018). For this purpose, blueberries, 

blackberries, cranberries and the aronia plant, 
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which has attracted great attention recently, stand 

out with their rich antioxidant content. 

Use in the dairy industry 

Today, in recent years, there has been a 

significant increase in people's demand for 

functional foods in their dietary preferences, which 

have significant effects on their health, mental state 

or physical performance (Rincón-León, 2003). 

These natural functional foods, which possess 

antimicrobial, antioxidative, antihypertensive, 

antidiabetic, immunomodulatory, and 

antithrombotic activities, may represent an 

economical and accessible approach to promoting 

sustainable well-being (Terpeu et al., 2019). 

Blackberry, raspberry, blackcurrant, blueberry and 

elderberry are the most preferred and developed 

bioactive products in fruit-added dairy products 

(such as fermented milks, kefir and yogurt) within 

the functional groups (Ozdemir & Ozkan, 2020). 

Similarly, aronia fruit and its extract, pulp, juice, 

powder, tea, yogurt, kefir and fermented milk are 

widely used by people today due to its antioxidant, 

anti-inflammatory, antidiabetic, anticarcinogenic, 

antimutagenic, antibacterial, hypolipidemic, 

cardioprotective and hepatoprotective properties. 

Use in improving the growth and meat quality 

of weaned piglets 

Weaning of piglets, which significantly affects 

intestinal development and growth performance, 

causes oxidative reactions that lead to economic 

losses and deterioration in meat quality (Bai et al., 

2020). In order to eliminate these negativities, the 

use of aronia plant, which has a rich polyphenol 

content, as a feed additive has been recorded to 

increase both the average daily feed intake (ADFI) 

and average daily gain (ADG) of weaned piglets 

and improve meat quality (Liu et al., 2021). 

Use in improving egg quality in chickens 

Since it is highly preferred by humans 

worldwide in terms of the protein, lipid, amino acid 

and minerals it contains, it has been recorded that 

oxidative stress occurs due to the continuous egg 

laying of laying hens during the peak laying period 

and as a result, the egg laying rate and cycle in 

chickens decreases (Zmrhal et al. 2023). However, 

in many studies, it has been suggested that some 

substances with different antioxidant content can 

increase the egg laying rate in chickens in order to 

eliminate such negative effects (Frizzell et al., 

2017; Gao et al., 2020.; Chen et al., 2021). In fact, 

in the study conducted by Jing et al. (2024), it was 

stated that aronia used in the diets of laying hens 

both increases the antioxidant capacity of the 

chickens and positively affects the quality of the 

eggs and meat obtained. 

Use of Aronia pulp 

In our country, especially in the Eastern 

Anatolia Region, the use of products as silage has 

a special importance in terms of meeting the need 

for quality roughage of animals. While the use of 

corn, alfalfa, sainfoin, vetch, sorghum and meadow 

grasses as silage is widespread, the use of 

agricultural residues as silage has recently become 

widespread. In particular, due to its high bioactive 

compounds, polyphenol, carotenoid and fiber 

content (Lalas et al., 2019; Zhou et al., 2019), fruit 

pulps obtained from many plant materials such as 

apple, peach (Büyükkılıç Beyzi et al., 2018) as well 

as the aronia plant, the remaining part of which is 

evaluated as silage after the juice is extracted, are 

widely used for this purpose (Koç et al,. 2023). 

7. Conclusion 

According to the studies, although the plant 

leaves contain sufficient fiber and protein, they 

have lower nutritional content compared to quality 

roughage sources such as alfalfa and vetch, which 

are traditionally used in animal nutrition. 

Consequently, it is increasingly recognized that the 

most promising application of aronia lies not in its 

use as a primary forage source, but rather as a 

functional additive incorporated into animal feeds 

and products. Such utilization has the potential to 

significantly enhance the nutritional value, health 

benefits, and overall quality of animal-derived 

products, including meat, milk, and eggs. 

Furthermore, future research is warranted to 

optimize the inclusion rates, evaluate long-term 

effects, and explore the economic feasibility of 

aronia-based additives in diverse livestock 

production systems. 
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