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Article Info Abstract: It was aimed to determine the effect of ensiling by adding Oregano pulp 
at different rates to the meadow grass on the physical quality properties of silages, 
silage fermentation and aerobic stability. In the study, dry oregano pulp at the rate 
of 3% (OP3) to 5% (OP5) by weight basis and without additives (control) was 
added to the first harvested of meadow grass in 2021 and it was ensiled as 3 
groups. A total of 18 silage samples, 6 for each group, were left for fermentation 
in 1 liter glass jars for 60 days. Addition of oregano pulp in two different ratios 
decreased the DM content of silages compared to the control group (p<0.05). 
Control and silage groups with added oregano pulp were obtained in 2nd and 3rd 
roughage quality class, and their relative feed values were between 101.06 and 
106.55. As a result of the physical properties of the silages, silages without 
additives were obtained as "satisfactory", while "good" quality silages were 
obtained from the groups with 3% and 5% oregano pulp. pH levels of silages were 
obtained between 4.37-4.89. The LA concentrates of the silage decreased 
significantly with the addition of oregano pulp, while the AA and BA levels of the 
silages were also decreased (p<0.001). As the ratio of oregano pulp increased from 
3% to 5%, it was observed that the aerobic stability of the silages increased 
compared to the control group. As a result, it was concluded that oregano pulp can 
be evaluated as a silage additive. 
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1. Introduction  

Meadow and pasture forages are the most important roughage sources in our country. However, 
there are still significant quality problems in these areas due to problems such as harvesting and grazing 
(Özkan and Demirbağ, 2016). Making silage of meadow grass causes less nutrient loss compared to 
drying it. For this reason, it is reported that silages obtained from meadow grass provide significant 
savings in terms of both reducing labor and preventing nutrient loss (Akyıldız, 1986; Kaya et al., 2009). 

The increase in animal production has led to the search for suitable feed additives as well as 
quality and cheap roughage sources from past to present. From additives, aromatic plants and/or 
essential oils obtained from these have important antimicrobial properties due to the active components 
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they contain, and are used as feed additives in both poultry and ruminant rations (Gladine et al., 2007; 
Cobellis et al., 2015). In recent studies, it is seen that natural aromatic plants or essential oils are used 
as silage additives (Kung et al. 2008; Hodjatpanah‐Montazeri, 2016). As it is known, the purpose of 
using silage additives is to improve silage fermentation quality and allow ruminant animals to benefit at 
the maximum level (Filya 2000; Slottner and Bertilsson, 2006). It has been stated that the active 
ingredients of oregano herb have antimicrobial effects. It is due to the polyphenols in the antimicrobial 
in the plant, and the major active compounds are carvacrol and thymol (Mellencamp et al., 2011; Üstü 
and Uğurlu, 2018). Oil of oregano herb is also as important export source in Türkiye (Bozdemir, 2019). 
After oil is obtained from oregano herbs, the remaining pulp remains as a product processing waste 
(Abdollahzadeh et al., 2010). In addition, waste pulp, which can cause environmental pollution cannot 
be evaluated in terms of rich nutrient content. Oregano pulp, which is valuable in terms of its rich 
nutritional content and phenolic substances in its composition, is considered to be used as a silage 
additive in animal nutrition. The use of aromatic plant pulp as silage additives in animal nutrition is a 
new and current issue. There was limited research on the use of oregano itself and its essential oil as a 
silage additive, but no study was found, except for a single study on its pulp.  

It has been reported that the pH levels of ensiled by adding thyme pulp to alfalfa and meadow 
grass changed between 4.34 and 4.62 and thyme pulp did not change the pH of the silages. In addition, 
It is reported that crude protein levels decreased, NDF and ADF levels increased, and thyme pulp 
changed silage microbiota population and their fermentation metabolites, and had many biologically 
active compounds such as polyphenols that could act as silage fermentation inhibitors. The researchers 
reported that the thyme pulp additive caused a certain increase in the acetic acid level in grass silage and 
the silage fermentation profile formed a heterofermentative fermentation as a result of the interaction 
between the phenolic compound and lactic acid bacteria (Aksu et al., 2017). In a another study using 
essential oil, oregano, cinnamon and their mixture were added to feed peas (400 mg kg-1) and subjected 
to 60 days of fermentation. It was stated that the aerobic stability of silages was significantly improved 
on the 7th day of ensiling (Soycan-Önenç et al., 2015). The essential oils of mint, thymol, oregano and 
cinnamon were ensiled by adding 120 and 240 mg kg-1 DM to the corn forage. The chemical composition 
and aerobic stability of the silages after ensiling were determined. Accordingly, the contribution of 
oregano, cinnamon essential oils significantly decreased the NDF content of the silage compared to the 
control and increased the chemical composition and aerobic stability of the corn silage (Hodjatpanah‐
Montazeri, 2016). 

This study was carried out to investigate silage fermentation, physical quality criteria of silages 
and especially aerobic endurance by adding oregano pulp, which is a waste material, to meadow grass 
in regions where oregano oil is grown in our country. 

2. Material and Methods  

2.1. Preparation of additive 

Dry oregano pulp (Origanum onites) used as an additive was purchased from the producer 
company located in Antalya (İnan Tarım Ecodab). Then, the pulps were ground in a mill with a sieve 
diameter of 1 mm, and 3% and 5% on a weight basis was added meadow grass.   

2.2. Preparation of silages 

The feed material of the study was the first harvest of meadow forage grown in the meadow-
pasture area in Edremit district of Van province. It is obtained from the natural meadow area where 
meadow grass, leguminous and grass grasses are grown mixed. After the meadow grass was harvested, 
it was cut into 2-4 cm sizes in Van Yüzüncü Yıl University Research and Application Farm and made 
ready for silage production. The meadow grass brought to the laboratory were made on nylon tarpaulin 
laid on a flat and clean surface, and was ensiled in 3 groups by adding 3% and 5% dry oregano pulp, 
no additives added to the control group. The silage samples were left to ferment for 60 days after being 
compressed in 1 liter glass jars with lids, 6 in each group, 18 in total, in accordance with the average 
weight standard of 950 g. Chemical composition of Oregano pulp and meadow grass are given in Table  
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Table 1. Nutrient composition of meadow grass and Oregano pulp before ensiling, DM%  

Nutrient composition Meadow grass Oregano pulp 
DM 25.70 93.91 
Ash 11.13 7.99 
CP 8.89 8.57 
CF 1.82 1.89 
NDF 50.27 41.23 
ADF 36.19 31.89 

DM: Dry matter; CP: Crude protein; CF: Crude fat; NDF: Neutral detergent fiber; ADF: Acid detergent fiber. 

2.3. Physical analysis of silages 

The physical properties such as color, odor and structure of the silages opened on the 60th day 
were determined by using the evaluation key recommended by the German Agriculture Organization 
(Alçiçek and Özkan, 1997). Flieg scores of silages were made according to the evaluation key reported 
by Kılıç (1986). 

2.4. Chemical analysis of silages 

At the end of fermentation, 25 g sample of each sample taken from the silages opened was mixed 
with 100 ml of distilled water and pH measurement was immediately made. Ammonia analysis of silages 
were determined by Kjeldahl distillation method immediately after pH measurement in silage samples 
(Markham, 1942). Then, the silage samples taken from each jar were dried in an oven at 65 °C for 48 
hours to determine the dry matter content. Dried samples were ground in a mill with a sieve diameter of 
1 mm and prepared for chemical analysis. Dry matter (DM), crude protein (CP) and ash contents of 
silages were determined according to the Weende analysis method (AOAC, 2000). Neutral detergent 
fibre (NDF) and acid detergent fibre (ADF) contents were analysed as described by Van Soest et al. 
(1991), and the crude fat (CF) content was measured according to ANKOM (2008) using an ANKOM 
XT15 device.  

Phenolic compounds in dry oregano pulp were made according to the method specified by 
Singleton and Rossi (1965) and read in a gas chromatography device. Condensed tannin amount was 
determined spectrophotometrically according to the method reported by Makkar et al. (1995).  

The relative feed value (RFV) index was used to determine the forage quality of the ensiled 
meadow grass by adding oregano pulp at two different rates. The RFV index, which is used as an 
important tool in the evaluation process of forage, was calculated according to Rivera and Parish (2010). 
In order to determine of RFV, first of all, the estimated digestible dry matter (DDM) amount was 
calculated over the ADF values of the silages. Depending on the body weight of the animal, dry matter 
intake percentage (DMI) was calculated based on the NDF value and the relative feed value was 
determined by replacing these values in the formula. 

𝐷𝐷𝑀% = 88.9 − (0.779𝑥𝐴𝐷𝐹%) (1) 

𝐷𝑀𝐼% =
120
𝑁𝐷𝐹% (2) 

𝑅𝐹𝑉 = (𝐷𝐷𝑀%) ∗
𝐷𝑀𝐼%
1.29  (3) 

For volatile fatty acid (VFA) and lactic (LA) analyzes in silage liquids, the samples taken from 
the deep freezer were centrifuged at 3500 g for 15 minutes and then placed in the automatic sampler 
compartment of the high pressure liquid chromatography (HPLC) device to measure acetic, propionic, 
butyric and lactic acid measurements, and samples were made Van Yüzüncü Yıl University Science 
Research and Application Center (Leventini et al., 1990). 

The aerobic stability test on silage samples was carried out according to Ashbell et al. (1991). 
The silages opened after the 60th day of ensiling were subjected to a 10-day aerobic stability test. For 
this, 250-300 g of fresh silage samples, 2 from each group, were taken and kept at room temperature for 
10 days in a simple aerobic unit prepared. During this period, the aerobic endurance of the silages was 
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calculated with the help of the CO2 amount measured after the titration with the precipitation of CO2 

gas.  

2.5. Statistical Analyses 

Statistical analysis of the data was carried out according to a completely random 
experiment design and was based on the following formula. 

Analysis of variance was used to determine the relationships between the Oregano pulp 
additive and the physical, chemical and aerobic stability properties of silages, and Duncan's 
multiple comparison test was used SAS 9.4 to determine the differences (SAS, 2014). 

𝑌𝑖𝑗 = µ + 𝑎𝑖 + 𝑒𝑖𝑗 (4) 
µ = 𝑜𝑣𝑒𝑟𝑎𝑙𝑙	𝑎𝑣𝑒𝑟𝑎𝑔𝑒 (5) 

𝑌𝑖𝑗 = 𝑖. 𝑙𝑒𝑣𝑒𝑙	𝑜𝑓	𝑂𝑟𝑒𝑔𝑎𝑛𝑜	𝑝𝑢𝑙𝑝 (6) 
𝑎𝑖 = 𝑖. 𝑒𝑓𝑓𝑒𝑐𝑡	𝑜𝑓	𝑙𝑒𝑣𝑒𝑙 (7) 
𝑒𝑖𝑗 = 𝑟𝑎𝑛𝑑𝑜𝑚	𝑒𝑟𝑟𝑜𝑟 (8) 

3. Results and Discussions 

The average phenolic compounds of oregano pulp used in the study were determined as 41.070 
g kg-1. Condensed tannin content in the samples was found to be 8.409 g kg-1 on average. The effect of 
ensiling the meadow grass with the addition of oregano pulp on the chemical composition is given in 
Table 2. Crude protein, CF, NDF and ADF contents of silages are not affected by oregano pulp additive, 
but differences between DM and ash contents were significant (p<0.05). The DM content of the silages 
decreased with the addition of oregano pulp at 2 different rates compared to the control group. It was 
observed that the DM content, which was 26.71% in the control, decreased to 23.94% with the 
contribution of OP3 and to 23.32% with the contribution of OP5. The ash content of the silages was 
observed to be higher in OP5 (15.80%) than the control (14.02%) and similar to OP3 (14.76%) on a 
DM% basis (Table 2; p<0.05). 

Table 2. The effect of oregano pulp on the nutrient composition of meadow grass silage, DM% 

 Groups of silages  
 Control OP3 OP5 p-value 
Item x̄ ± SE x̄ ± SE x̄ ± SE  

DM 26.71±0.53a 23.94±0.66b 23.32±0.45b 0.0014 
Ash 14.02±0.66b 14.76±0.37ab 15.80±0.10a 0.039 
CP 8.47±0.30 9.18±0.26 9.27±0.18 0.085 
CF 1.58±0.32 1.87±0.15 1.65±0.17 0.650 
NDF 52.16±0.88 53.05±0.75 50.66±0.83 0.148 
ADF 40.19±0.50 40.24±0.53 39.76±0.31 0.718 

There is a difference between the means in the same row and with different letters (p<0.05), OP3: meadow silage+dry oregano pulp of 3%; 
OP5: meadow silage+dry oregano pulp of 5%; DM: Dry matter, CP: Crude protein, CF: Crude fat, NDF: Neutral detergent fiber, 
ADF: Asit detergent fiber. 

Soycan-Önenç and Turgud (2019) found that the DM contents of the silages did not change with 
the additive as a result of the addition of oregano essential oil to alfalfa silage, and the addition of 
lavender essential oil to alfalfa silage (Duru, 2019). In the study, although the silage material was ensiled 
and well preserved in the DM range recommended for silage feeds, DM loss occurred in the groups to 
which additives were added. This situation is thought to be related to the insufficient content of water-
soluble carbohydrates in oregano pulp. It has been reported that feed materials are generally ensiled 
between 200-500 g kg-1 (Muck, 2010), and the higher the water-soluble carbohydrate (WSC) content of 
the silage material, the lower the dry matter loss that may occur during fermentation (Basmacıoğlu and 
Ergül, 2002). In terms of ash content, differences were found in the control and oregano pulp added 
groups (p<0.039). The use of tannin-rich gladia fruit in meadow silage was decreased the ash content 
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with the additive (Guven and Kalamak, 2021). It has been reported that the ash content of silages 
increased with the contribution of the gladia fruit to the sugar beet pulp (Özkan, 2012). In the current 
study, it was observed that 5% oregano pulp additive increased the ash content of silages compared to 
the control silage. It is thought that during the silage making of OP5 group, it is highly likely that sand, 
stone and especially dry branch pieces were mixed in the oregano pulp in large quantities. Örün and 
Erdoğan (2021) reported that the ash content may be an indicator of excessive amounts of mineral 
substances in the structure of the feed material or foreign substances (sand, stones, dry branches, etc.) 
mixed with the feed. In the study, CP, CY, NDF and ADF contents of the silages were not affected by 
the oregano pulp additive (Table 2).  

In the study, the relative feed values of meadow silage did not change with the oregano pulp 
additive. In terms of forage quality class of silages, it is seen that 2nd quality silages from the OP5 group 
were obtained (Table 3). In the study, the relative feed values of meadow silage ensiled by adding 
oregano pulp varied between 101.06% and 106.55%. Ertekin et al. (2022) reported that the relative feed 
values in silages made with Lolium multiflorum L.  varied between 78.1-88.2%. This result is quite lower 
than the study, and it was determined that the roughage quality class was at a good level in all silage 
groups in the our study. It is thought that is due to the fact that the plant composition of the meadow 
grass used in the study has a richer content in terms of legume grasses. When the results of the relative 
feed values are compared with the RFV of full bloom alfaalfa has a value of 100 (Rohweder et al., 1978), 
it is seen that the forage quality class is “2 and 3 quality”. Indeed, Redfearn et al. (2006) reported that 
as the relative feed value falls below 100, the quality of the feed decreases, and if it is above 100, the 
feed value increases. All relative feed values obtained in the study were found above 100 (Table 3). 

Table 3. Forage quality class and relative forage values of silages 

Silage groups N DDM% DMI% RFV% Forage class 
 x̄ ± SE x̄ ± SE x̄ ± SE  

Control 6 57.59±0.39 2.30±0.04 102.84±1.65 3rd quality 
OP3 6 57.55±0.42 2.26±0.03 101.06±2.05 3rd quality 
OP5 6 57.93±0.24 2.37±0.04 106.55±2.07 2 nd quality 
p-values  0.72 0.15 0.16  

There is a difference between the means in the same row and with different letters (p<0.05), OP3: meadow silage+dry oregano pulp of 3%; 
OP5: meadow silage+dry oregano pulp of 5%; DDM: digestible dry matter; DMI: dry matter intake; RFV: relative feed value. 

The physical properties of the silages in terms of color, odor and stricture were examined. The 
total score of 14.67 in control group was 16.00 in the OP3 group and 16.83 in the OP5 group, and the 
highest total score was obtained from the OP5 silage. When the silages are examined in terms of quality 
classes, it is seen that satisfactory and good silages are obtained with the control and 2 different ratios 
of oregano pulp (Table 4). It was reported that the physical quality properties of silages prepared with 
the contribution to meadow grass of forage locust flakes increased (Atalay, 2015). It is stated that the 
silage quality criteria of lavender oil contribution to alfalfa forage were determined as satisfactory (Duru, 
2019). Özturk et al. (2020) is reported that mixtures in hops with corn and forage soybean were obtained 
as “good” and “very good” silage quality classes. Our study is similar to these results. 

According to the flieg scoring system were determined quality criteria of silages, and the highest 
flieg score was obtained from the control silage (83.75), while the lowest flieg score was obtained from 
the OP3 (57.42) silage. It is seen that the flieg scores of silages with 3% and 5% oregano pulp additive 
decreased compared to the control group (Table 5; p<0.05). As is known, the flieg score is calculated 
based on the pH and dry matter content of silages. In the study, it is thought that the decrease in the flieg 
score in the oregano pulp added meadow is related to the increase in pH compared to the control group 
and the decrease in the DM content in these groups. Gladicia fruit used as a silage additive did not cause 
a significant change in the pH of the wet sugar beet pulp, while the fleig score was slightly increased 
compared to the control (Özkan, 2012). Flieg scores of silages ensiled by adding thyme oil additive to 
sugar beet pulp did not change, and their flieg scores ranged between 90.81-98.33. Researchers have 
also reported that thyme oil can be added to silage as an additive if it balances the cost against losses 
due to mold and spoilage (Çayıroğlu et al., 2020). 
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Table 4. Scoring of the physical properties of oregano pulp added silages according to the method 
recommended by the German Agriculture Organization 

 N Smell Stricture Colour Total point Quality Class 

Control 

1 8 4 1 13 middle 
2 14 4 2 20 very well 
3 8 4 2 14 good 
4 8 4 1 13 middle 
5 8 4 2 14 good 
6 8 4 2 14 good 

Avg. 9 4 1.67 14.67 satisfactory 

OP3 

1 14 4 2 20 very well 
2 8 4 2 14 good 
3 8 4 2 14 good 
4 14 4 2 20 very well 
5 8 4 2 14 good 
6 8 4 2 14 good 

Avg. 10 4 2 16.00 very well 

OP5 

1 8 4 2 14 good 
2 14 4 2 20 good 
3 14 4 1 19 very well 
4 14 4 2 20 very well 
5 8 4 2 14 very well 
6 8 4 2 14 good 

Avg. 11 4 1.83 16.83 very well 

OP3: meadow silage+dry oregano pulp of 3%; OP5: meadow silage+dry oregano pulp of 5%. 

Table 5. Quality criteria of silage groups according to the flieg scoring system 

 DM pH Flieg score 
x̄ ± SE x̄ ± SE x̄ ± SE 

Control 26.71±0.53a 4.37±0.18b 83.75±7.19a 
OP3 23.94±0.66b 4.89±0.03a 57.42±2.20b 
OP5 23.32±0.45b 4.61±0.13ab 67.17±5.70b 
p-value 0.0014 0.0393 0.0124 

DM: Dry matter; OP3: Meadow silage+3% oregano pulp; OP5: Meadow silage+5% oregano pulp. 

The successful completion of the fermentation process of the silage material is possible by 
following the silage making principles at the beginning. Muck (2010) reported that it is difficult to 
control the biological activity in the silo, therefore the ensiling process should be managed well and 
undesirable microorganisms may develop in silages where fermentation is not well managed. The results 
of the fermentation quality of the silage material ensiled with the addition of oregano pulp to meadow 
grass are given in Table 6. The pH levels of the silages were higher in the OP3 silage group than in the 
control group. The pH of meadow silage, which was 4.37 in the control, increased to 4.89 in the OP3 
silage group (Table 6; p<0.05). The pH of the silages increased slightly in the OP5 silage group 
compared to the control group, but the difference was not statistically significant. In the study, it was 
seen that the additive of oregano pulp increased the pH of the silages. It has been reported that the pH 
levels of silages vary between 4.34 and 4.62 as a result of the contribution of thyme pulp to alfalfa and 
meadow grass, and thyme pulp does not change the pH of silages (Aksu et al., 2017). In a different 
study, it was reported that the addition of 400 mg kg-1 oregano oil (Origanum onites) to fresh peas did 
not change the silage pH compared to the control group, but the addition of cinnamon at the same level 
increased the silage pH (Soycan-Önenç et al., 2015). In our study, pH values of silages varied between 
4.37-4.89. Kaya (2005) reported that the pH value varies between 3.8 and 4.8 in quality silages, while 
they reported that the Enterobacteria group microorganisms that cause deterioration are effective in the 
pH environment between 6-7 and lose their effectiveness at pH values below 5 (Filya, 2001). Therefore, 
it is possible to say that the pH range obtained in the study is in a pH range that may prevent the growth 
of unwanted microorganisms in the silo, and even within the recommended ranges. The increased pH 
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levels in the groups to which oregano pulp was added in the study can be explained by the fact that the 
oregano pulp did not have sufficient lactic acid content or had a lower amount of water-soluble 
carbohydrates compared to the control group. It has been reported that the rate of decrease in pH of 
silages with low water-soluble carbohydrate content is also slow (Merry et al. 1993). In addition, it is 
thought that phenolic compounds in oregano pulp may have realized a higher buffering capacity during 
silage fermentation. 

The LA level, which was 14.51% in the control group, decreased to 1.35% in OP3 silage and 
2.47% in OP5 silage (Table 6; p<0.001). As it is known, high LA level is desired in terms of silage 
fermentation quality. Alçiçek and Özkan (1997) reported that LA content should be over 2.0% in quality 
silages, Lorenzo and O’Kiely (2008) reported that LA levels should be 50-70 g kg-1 DM in quality 
silages. In the study, it is thought that the conversion of sugars to LA decreased in parallel with the 
insufficient content of water-soluble carbohydrates in the oregano pulp added groups. However, it can 
be thought that LA level was provided at a sufficient level to create a protective effect for the 
fermentation quality of the silages. It is seen that two different levels of oregano pulp additive 
significantly reduce the LA content of silages. With the realization of sufficient lactic acid production 
in silo feeds, the pH of the silage reaches the desired level. As a matter of fact, in the study, it was 
observed that the LA level decreased in the oregano pulp added groups, the pH levels of the silages 
increased. It has been reported that LA and enterobacteria levels of the silages did not change compared 
to the control, as a result of adding 0, 40 and 80 mg of essential oil to the feed per kg of wet weight on 
the quality of silage (Kung et al., 2008). In another study, it was reported that cumin (from Cuminum 
cyminum L.) stimulated the growth of Lactobacillus plantarum and lactic acid production (Kıvanç et al. 
1991). Soycan-Önenç and Turan (2018) stated that the addition of 300 mg kg-1 cumin essential oil in the 
last harvest caused the cell membrane to break down by stimulating cell membrane-degrading enzymes. 
In the literature research, only one study was found on the use of thyme pulp additive as a silage additive. 
In this study by Aksu et al (2017), it was reported that dry thyme pulp used as a silage additive decreased 
the LA content in meadow silage group with 5% thyme pulp, and this result was found to be similar to 
the study conducted. 

It was seen that the AA levels of the silages were decreased OP3 and OP5 compared to the 
control group (Table 6; p<0.025). It is observed that besides the production of lactic acid bacteria in the 
control group, some species belonging to the enterobacteria family also ferment water-soluble 
carbohydrates in the silo and cause acetic acid production, and so the addition of oregano pulp 
suppresses both LA and AA production. It is thought that this situation is caused by the antimicrobial 
effects of phenolic compounds in oregano pulp. Contrary to this situation, Aksu et al. (2017) reported 
that the addition of thyme pulp caused a certain increase in the acetic acid level in meadow silage and 
that the silage fermentation profile formed a heterofermentative fermentation as a result of the 
interaction between the phenolic compound and lactic acid bacteria. 

In the study, the BA levels were decreased with the addition of oregano pulp compared to the 
control group. The BA level, which was 3.93% in the control group, decreased to 0.93% in the OP3 
silage group and 2.22% in the OP5 silage group. In a similar study, it was stated that the fermentation 
quality of the silage varies according to the LA and BA content, and that good silage should contain 
high lactic acid content and low or no butyric acid content (Kiraz and Kutlu, 2016). Filya (2000) is stated 
that the use of water-soluble carbohydrates in silage by aerobic microorganisms initiates clostridial 
activity. It is known that high level of ammonia is formed by clostrida bacteria in the silo and thus is an 
important factor in the deterioration of silage quality. As a matter of fact, the NH3-N level did not change 
in the study. In other words, it was observed that proteolysis did not occur in silages prepared by adding 
oregano pulp to meadow grass. It is thought that the decreased butyric acid level in the study is due to 
the phenolic substances in the oregano pulp. It has been reported that butyric acid bacteria are the most 
important competitors of acetic acid bacteria during silage fermentation, and butyric acid production 
causes significant loss of nutrients. It is stated that butyric acid bacteria either reduce or completely 
consume the nutrients they need by using the carbohydrates used by acetic acid bacteria, so butyric acid 
is not required in silages (Alçiçek and Özkan, 1997). When the fermentation properties of silages are 
evaluated in general, it is possible to say that the phenolic substances in the oregano pulp suppress the 
growth of desired microorganisms as well as unwanted microorganisms in the silage. 
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Table 6. Effect of oregano pulp additive on fermentation parameters of meadow silage 

 Silage groups  
Fermentation parameter Control OP3 OP5 p-value 

 x̄ ± SE x̄ ± SE x̄ ± SE  
pH 4.37±0.18b 4.89±0.03a 4.61±0.13ab 0.040 
LA, DM% 14.51±1.14a 1.35±0.09b 2.47±0.30b 0.001 
AA, DM% 5.76±0.44a 4.30±0.47b 4.26±0.20b 0.025 
PA, DM% 5.04±0.42 4.52±0.34 4.36±0.31 0.391 
BA, DM% 3.93±0.38a 0.93±0.24c 2.22”±0.38b 0.001 
NH3-N, mg/100ml 0.20±0.02 0.29±0.03 0.30±0.06 0.208 

There is a difference between the means with different letters in the same column (p<0.001); OP3: Meadow silage+3% oregano pulp; OP5: 
Meadow silage+5% oregano pulp; LA: Lactic acid; AA: Acetic acid; PA: Propionic acid; BA: Butyric acid; NH3-N: Ammonia. 

Aerobic stability in silage feeds indicates the ability of oxygen-exposed silages to resist 
microbial growth (McDonald et al. 1991). Aerobic stability is one of the desired features in the silo, and 
it is reported that each silage has its own aerobic stability, and that this parameter is generally low in 
quality silages (Filya, 2004). In fact, after the silage is opened, it is inevitable that aerobic deterioration 
will occur in the silage (Çayıroğlu et al., 2016). However, the short duration of this period is very 
important for the animals to benefit from the silo feed to the maximum extent. In the study, the aerobic 
stability of meadow silage without oregano pulp was 1.75% in DM, and it was determined as 0.75% in 
the OP3 silage group and 0.35% in the OP5 silage group. As the ratio of oregano pulp increased from 
3% to 5%, it was observed that the aerobic stability value decreased, that is, the durability of the silage 
increased (Figure 1). Kung et al. (2008) is stated that the effect of adding essential oil mixtures to corn 
silage on aerobic deterioration did not have an effect on the fermentation process of silages and aerobic 
deterioration. On the other hand, it has been reported that the contribution of cinnamon leaf, thyme and 
sweet orange essential oils in different amounts has a positive effect on 7 day aerobic stability in silage 
feeds (Chaves et al., 2012). Aksu et al. (2017) reported that in silages opened at the end of the 60 th day, 
the dry thyme pulp additive has a preventive effect on undesirable microorganisms such as enterobacter, 
yeast and mold without causing a decrease in the lactobacilli count of the silages compared to the control, 
and it can provide a very important advantage in terms of improving the aerobic stability of the silages. 
In a different study, it was stated that gladia fruit rich in phenolic compounds improves the aerobic 
stability of silos by reducing CO2 production in silages (Canbolat et al., 2013). Filya et al. (2000) 
reported that the dry matter content of the ensiled material is an important factor affecting the aerobic 
stability and the aerobic stability of the silages made with the material with low dry matter content 
decreased. However, in this study, it was observed that aerobic deterioration was low in silages, despite 
a decrease in LA and AA levels of silages compared to the control group, and a decrease in dry matter 
content, especially in the OP5 silage group, in the groups to which oregano pulp was added. In the study, 
yeast and mold content was not detected. Therefore, it is very difficult to comment on this issue. 
However, in order to maximize the aerobic stability of the silage, it was thought that the risk of 
contamination with yeast and mold should be minimized during the harvest of the material to be ensiled. 
As a matter of fact, it can be predicted that the addition of oregano pulp at a level that will increase the 
durability of the oregano pulp in the silo may reduce the growth of yeast and mold. 
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Figure 1. Effect of oregano pulp additive on aerobic stability of meadow silage (CO2, g kg-1 DM). 

Conclusion 

As a result, DM content of silages ensiled by adding oregano pulp to meadow grass decreased 
compared to the control group, but in terms of forage quality class, 2nd quality feed value was obtained 
in the group in which 5% oregano pulp was added. It has been observed that good quality silages in 
terms of physical properties are obtained from silages that are ensiled with the addition of oregano pulp 
to the meadow grass. The NH3-N level of the oregano pulp additive did not change and did not cause 
proteolysis in meadow silage. However, it decreased the LA levels of silages by suppressing the 
microbial fermentation in the silo in general. On the other hand, it was concluded that the incorporation 
of the pulp obtained after the distillation of oregano essential oils rich in phenolic compounds, which 
may accumulate and be waste into the meadow silage improves the sensory properties of the silages and 
increases aerobic endurance up to 5%. It is thought that waste pulp can be used as a silage additive in 
regions where oregano oil is obtained, especially in terms of increasing the aerobic quality of silages. In 
addition, it is thought that the use of oregano pulp as a silage additive together with water-soluble 
carbohydrate sources is important in terms of silage fermentation and aerobic stability and will 
contribute to future in vivo studies. 
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