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Abstract: This study was conducted to determine the differences in the chemical composition, in vitro gas production 

(GP), methane production (CH4), metabolizable energy (ME), and in vitro organic matter digestion (IVOMD) of oat hay 

varieties commonly used in ruminant feeding (Küçükyayla, Kahraman, Kırklar, ST-4, Yeniceri, Sebat, and Arslanbey). 

The oat hay varieties in the study were harvested during the flowering period in the 2019-2020 season in 

Kahramanmaras province. The in vitro findings of this study revealed significant differences among oat hay varieties in 

terms of their chemical composition, in vitro gas production, methane production, ME and IVOMD (P<0.001). The crude 

protein (CP) content of oat hays ranged from 7.61% to 9.57%, neutral detergent fiber (NDF) ranged from 64.46% to 

72.96%, acid detergent fiber (ADF) ranged from 36.74% to 41.70%, crude ash (CA) ranged from 6.56% to 7.91%, 

metabolizable energy ranged from 6.96 to 7.98 MJ kg-1 DM, IVOMD ranged from 67.30% to 74.90%, and methane 

production rate ranged from 15.42% to 16.35%. The Yeniceri variety stood out with a NDF content of 64.46%, an ADF 

content of 36.74%, a ME of 7.98 MJ kg-1 DM, and an IVOMD of 74.90%. ST-4 had the highest in vitro gas production with 

49.46 ml, while Sebat had the highest methane production rate with 15.42%. In conclusion, considering the chemical 

composition and fermentation parameters, the Yeniceri variety can be considered a potential source of forage, but 

further in vivo studies are needed to assess their effects on feed intake and animal production. 
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1. Introduction 
Oats are preferred as a feed ingredient in animal 

nutrition due to their high nutritional value, antioxidant 

content, and facilitative effect on digestion (Peterson et 

al., 2005; Naneli and Sakin, 2017). Oat grain is known as a 

functional food due to its distinct chemical composition, 

nutritional value, and beneficial effects on health 

compared to other cereals (Biel et al., 2014; Sterna et al., 

2016). Consequently, significant efforts have been made 

in recent years in agronomic research, leading to the 

emergence of a substantial number of new oat varieties 

with different agronomic characteristics (Buerstmayr et 

al., 2007; Redaelli, 2008; Martínez et al., 2010).  

The nutrient content of forages included in the rations of 

ruminant animals and their microbial digestion in the 

rumen, as well as the extent to which they are converted 

into metabolic energy, are of vital importance for 

ruminants (Ørskov and McDonald, 1979). Ruminants, 

due to their digestive systems, undergo ruminal 

fermentation of the consumed feed, resulting in the 

production of methane (CH4), which is released into the 

environment. This emission leads to an energy loss of 

approximately 12-16% from the feed (Johnson and 

Johnson, 1995; IPCC, 2001). Therefore, low methane-

producing feeds should be preferred in ruminant rations 

(López et al., 2010). Additionally, factors such as the 

timing of forage harvesting, maturity stage, and 

processing methods applied to these feeds, such as 

grinding, drying, wilting, etc., greatly affect their potential 

nutritional values and fermentation parameters (Doane 

et al., 1997; Sanderson et al., 1997; Filya et al., 2002).  

The aim of the current experiment was to evaluate effect 

of variety on chemical composition; in vitro gas 

production, methane production, ME and IVOMD. 

 

2. Materials and Methods 
The trial was conducted at the experimental field of the 

Faculty of Agriculture, Kahramanmaras Sutcu Imam 

University, during the 2019–2020 season. Seven oat 

genotypes (Kucukyayla, Kahraman, Kırklar, ST-4, 

Yeniceri, Sebat and Arslanbey) were used in the study. 

The experiment was set up in a randomized complete 
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block design with three replications. The plot size was 7 

m long and 6 rows wide, with a spacing of 20 m between 

rows. The seeding rate was maintained at 500 seeds/m2. 

Fertilization was applied at a rate of 12 kg/ha of pure 

nitrogen, half of which was applied as diammonium 

phosphate (DAP) fertilizer as top dressing, while the 

other half was applied as urea during the tillering stage. 

The oat varieties were harvested during the flowering 

period, and the remaining oat hay was brought to the 

laboratory for further analysis.  

Dry matter, crude ash, crude protein and ether extract of 

oat hay samples were analyzed using the method of 

AOAC (1990). NDF and ADF contents of oat hay samples 

were analyzed with the method suggested by Van Soest 

(1991). All chemical analyses were carried out in 

triplicate.  

The in vitro gas production technique was utilized to 

determine the gas production and methane production of 

oat hay. Rumen fluid was obtained from three sheep from 

a private abattoir in Kahramanmaras province and 

transferred to the laboratory in a thermos. The rumen 

fluid was then filtered through four layers of cheesecloth 

while being agitated with CO2. Approximately 200 mg of 

oat hay samples were weighed into 100 ml glass syringes 

in triplicate. Subsequently, 30 ml of buffered rumen fluid 

(1:2 V/V) was added to the glass syringes containing oat 

hay samples and transferred to a water bath set at 39 °C 

for 24 hours of incubation. To obtain blanks, the same 

amount of buffered rumen fluid without substrate was 

added to four glass syringes (Menke et al., 1979). Gas and 

CH4 production of the oat hay samples were measured 

after 24 hours of incubation. After the 24 hour 

incubation, the total gas production and the percentage 

of CH4 in oat hay samples were determined using an 

infrared methane analyzer (Sensor Europe GmbH, 

Erkrath, Germany) (Goel et al., 2008).  

The methane productions of oat hay samples as ml were 

calculated as follows in Equations 1-3:  
 

𝐶𝐻4 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑚𝑙)  

=  𝑇𝑜𝑡𝑎𝑙 𝑔𝑎𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑚𝑙)  

∗  𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐶𝐻4 (%) 

(1) 

 

The ME and IVOMD of oat hay samples were estimated 

with equations suggested by Menke and Steingass 

(1988). 
 

𝑀𝐸 (
𝑀𝐽

𝑘𝑔
𝐷𝑀) =  1.06 + (0.1570 ∗ 𝐺𝑃)  + (0.084

∗ 𝐶𝑃) + (0.220 ∗ 𝐸𝐸) − (0.081

∗ 𝐶𝐴) 

(2) 

 

𝐼𝑉𝑂𝑀𝐷 (%) =  28.49 + (0.7967 ∗ 𝐺𝑃)  + (0.325

∗ 𝐶𝑃) 
(3) 

 

here, GP= gas production of 200 mg sample at 24 h 

incubation (ml), CP= crude protein (%), EE= ether extract 

(%), and CA= crude ash (%). 

2.1. Statistical Analyses 

One-way analysis of variance (ANOVA) was used to 

determine the effect of variety on chemical composition, 

in vitro gas production, methane production, ME and 

OMD of oat hay samples. Differences (P<0.05) among the 

mean of oat hay varieties were determined with Tukey’s 

multiple range tests (Genç and Soysal, 2018). 

 

3. Results 
The effect of variety on the chemical composition of oat 

hay is presented in Table 1. Variety had a significant 

impact on the chemical composition of oat hay (P<0.05). 

The dry matter content of oat hay varieties ranged from 

23.25% to 26.26%. The crude ash content of oat varieties 

ranged from 6.56% to 7.91%. The crude protein content 

of oat hay varieties ranged from 7.61% to 9.57%, with 

the highest values found in Kucukyayla, and Arslanbey 

variety, the lowest in Kırklar. Previous studies have 

reported crude protein contents of oat hay ranging from 

4.2% to 9.2% (Sehu, 1998; Gursoy, 2023). The NDF 

(neutral detergent fiber) and ADF (acid detergent fiber) 

contents of oat varieties ranged from 64.46% to 72.96% 

and 36.74% to 41.70%, respectively. 

The effect of variety on gas production, methane 

production, metabolizable energy (ME) and in vitro 

organic matter digestibility (IVOMD) of oat hay is shown 

in Table 2. Variety had a significant impact on methane 

production, ME, and IVOMD of oat hay. Gas production 

and methane production ranged from 50.17 to 58.73 ml 

and 7.98 to 9.37 ml, respectively. The percentage of CH4 

in oat hay ranged from 15.42% to 16.35%. ME and 

IVOMD of oat hay from different varieties ranged from 

6.96 to 8.42 MJ (kg/DM) and 67.30% to 74.87%, 

respectively, with the highest values observed in Yeniceri 

and the lowest in ST-4. 

 

4. Discussion 
Gas production in feeds occurs as a result of the reaction 

between fermentable carbohydrates and buffer solutions, 

leading to the production of volatile fatty acids (Wolin, 

1960). It has been reported that an increase in ruminal 

gas production may be associated with an increase in 

fermentable carbohydrate content (Sampath et al., 1995). 

The in vitro gas production values in the study indicate 

that the Yeniceri and Kucukyayla varieties fermented 

well compared to other varieties. In a study conducted by 

Lopez et al. (2010), feed ingredients were classified 

based on their anti-methanogenic properties. Feed 

ingredients with percentages ranging from 11% to 14% 

were classified as low, 6% to 11% as moderate, and 0% 

to 6% as high anti-methanogenic character. The findings 

of the current study revealed that oat hay varieties did 

not exhibit any anti-methanogenic effect according to the 

classification by Lopez et al. (2010). 

It has been reported that if the crude protein (CP) 

content of feed ingredients is below 8%, the enzymatic 

activities of microorganisms in the rumen may be 

limited, resulting in an inadequate supply of ammonia in 

the rumen (Norton, 2012; Cappellozza et al., 2013).  
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Table 1. Effect of variety on gas, methane, metabolic energy and in vitro organic matter digestibility of oat hay 

Variety DM (%) CA (%) CP (%) EE (%) NDF (%) ADF (%) 

Küçükyayla 24.89ab 6.56 9.57c 3.06a 66.76ab 37.33ab 

Kahraman 25.87ab 6.56 8.64abc 3.14a 69.37bc 40.20bc 

Kırklar 24.97ab 7.33 7.61a 3.53ab 72.96c 41.70c 

ST-4 25.08ab 7.91 8.02ab 3.46ab 68.70bc 39.13abc 

Yeniçeri 23.25a 6.86 8.82bc 4.90bc 64.46a 36.74a 

Sebat 23.76ab 7.72 8.73bc 5.73c 70.41cd 38.06ab 

Arslanbey 26.46b 7.56 9.52c 3.08a 66.85ab 37.09a 

SEM 0.88 1.34 0.30 0.42 0.98 0.87 

Sig. 0.036 0.901 <0.001 <0.001 <0.001 <0.001 
ab: Column means with common superscripts do not differ (P<0.05), SEM= standard error mean, DM= dry matter (%), CA= crude ash 

(%), CP= crude protein (%), EE= ether extract (%), ADF= acid detergent fiber (%), NDF= neutral detergent fiber (%), P<0.05.  

 

Table 2. Effect of variety on gas, methane, metabolisable energy and in vitro organic matter digestibility of oat hay 

Variety GP (ml) CH4 (ml) CH4 (%) ME (MJ/kg) IVOMD (%) 

Küçükyayla 58.40c 9.09bc 15.55 7.97bc 74.87c 

Kahraman 52.93ab 8.65abc 16.35 7.31ab 69.66ab 

Kırklar 56.90bc 9.10bc 15.99 7.78bc 72.96bc 

ST-4 49.46a 7.99a 16.15 6.96a 67.30a 

Yeniçeri 58.73c 9.37c 15.95 8.42c 74.90c 

Sebat 53.13ab 8.20ab 15.42 7.98c 70.70abc 

Arslanbey 50.17a 7.98a 15.55 7.04a 68.55ab 

SEM 0.88 1.34 0.30 0.42 0.98 

Sig. <0.001 0.002 0.304 <0.001 <0.001 

ab: column means with common superscripts do not differ (P<0.05), SEM= standard error mean, GP= gas production (ml), CH4= 

methane production (ml), CH4= methane production (%), ME= metabolic energy (MJ/kg DM), IVOMD= in vitro organic matter 

digestibility (%), P<0.05. 

 

With the exception of the Kırklar variety, the CP levels of 

oat hay varieties in the study can be considered sufficient 

for the proper functioning of microbial activity in the 

rumen. The difference in CP contents of oat varieties 

between the two experiments is possibly associated with 

differences in climatic conditions, fertilization, and soil 

type of the growing site (Sehu, 1998; Gursoy, 2023). 

In rations, it is desired to have low acid detergent fiber 

(ADF) levels as it is difficult to digest in the rumen (Van 

Soest, 2018). An increase in ADF levels in the ration has 

been reported to result in a feeling of fullness in 

ruminants, leading to a decrease in feed intake and 

consequently a decrease in the utilization of energy and 

protein from the feed (Yavuz, 2005). Therefore, it is 

recommended to have ADF levels in ruminant rations 

between 21% and 30% (Balthrop, 2011). The ADF 

contents of oat hay varieties in the study were found to 

be higher than the desired optimal level. 

The metabolizable energy (ME) values of oat hays 

obtained in the current experiment are consistent with 

the values indicated by NRC (2007). Furthermore, an 

increase in the cell wall content in feeds has been 

reported to result in a decrease in ME and organic matter 

digestibility (OMD) values (Sagocak, 2011). 

 

5. Conclusion 
Variety had a significant effect on chemical compositions, 

gas production, CH4 production, ME and IVOMD of hay. 

There is considerable amount of variation among oat 

varieties in terms of chemical compositions, gas 

production, CH4 production, ME and IVOMD of oat hay. 

The oat hays from different varieties had provided new 

raw materials with a range of nutritional characteristics 

and will provide not only energy and protein but also 

fiber for ruminant animals. Based on the chemical 

composition and fermentation parameters, variety 

Yeniceri can be recommended for hay production since it 

has a high CP, ME and IVOMD. However, in vivo studies 

are needed to determine the effects of oat hay varieties 

on feed intake and growth performance on ruminant 

animals. 
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