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ABSTRACT
Objective: To evaluate the production of total gas, methane (CH4), and in vitro fermentative variables in diets 
for sheep with 1 and 2% sunflower oil. 
Design/Methodology/Approach: Serological pipettes with 0.5 g of treatment and 50 ml of culture medium 
were incubated at 39 °C for 24, 48, and 72 h. The production of total gas, CH4, and degradation of dry matter 
(DEGDM), neutral detergent fiber (DEGNDF), acid detergent fiber (DEGADF), as well as the production of 
volatile fatty acids (VFA) and ammoniacal nitrogen (N-NH3) were estimated. The experimental design was 
completely randomized.
Results: Total gas production increased (p0.05) at 48 and 72 h and decreased (p0.05) at 24 h as the oil 
increased. CH4 production at 24 and 48 h did not present differences (p0.05); a linear decrease (p0.05) was 
quantified at 72 h. DEGDM increased (p0.05) at 24 and 48 h and decreased (p0.05) at 72 h. DEGNDF and 
DEGADF increased (p0.05) at 48 h. Butyric acid content and N-NH3 decreased (p0.05) at 48 h.
Study Limitation/Implications: A 2% inclusion of sunflower oil in the diet can reduce the degradability of 
the food and the microbial protein.
Findings/Conclusions: Including up to 2% of sunflower oil in diets for lambs does not affect the fiber 
degradation and is an alternative to reduce the amount of methane emissions released into the environment.
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INTRODUCTION
	 An increase in greenhouse gasses (GG) is a significant contributor to climate change 
(Patra, 2014; Hill et al., 2016). Livestock farming contributes 18% of global greenhouse 
gas emissions, of which the enteric methane (CH4) of ruminants makes up 37% of the 
total anthropogenic production (Steinfeld et al., 2006; Key & Tallard, 2012; Kumar et al., 
2014). CH4 is produced during rumen fermentation and represents a loss of 2 to 15% of 
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consumed energy (Kumar et al., 2009; Eckard et al., 2010). Climate change and energy 
loss during food fermentation in ruminants awakens an interest in the study of different 
biotechnological alternatives that minimize the production of enteric CH4 (Eckard et al., 
2010; Patra, 2014), without affecting rumen metabolism.
	 A strategy to reduce CH4 production in ruminants is the use of fats and oils in diet 
(Grainger and Beauchemin, 2011; Bodas et al., 2012; Hristov et al., 2013). Peanut, rapeseed, 
corn, and soy oils affect fatty metabolism in rumen and act as CH4 suppressors (Wang et 
al., 2016). Other researchers have used coconut oil to reduce CH4 production in sheep 
(Machmuller et al., 2000) and heifers ( Jordan et al., 2006). Therefore, this study aims to 
evaluate the in vitro production of total gas, methane, and fermentative variables in the 
diets of fattening lambs with two levels of sunflower oil.

MATERIALS AND METHODS
Location of study area
	 The study was carried out in the laboratory of the Nutrición Animal y Microbiología 
Ruminal y Genética Microbiana del Posgrado en Recursos Genéticos y Productividad – 
Ganadería, Campus Montecillo, Colegio de Postgraduados, Montecillo, Texcoco, State 
of México.

Treatments
	 Treatments consisted of three iso protein diets (Table 1), developed based on NRC 
(2007), in order to meet the nutritional requirements of finishing lambs. The ingredients of 
these diets (Table 1) were ground on a mill (Thomas Willey, USA) with a 1-mm mesh. 

Table 1. Experimental diets for finishing lambs.

Ingredients T1 T2 T3

Composition (g kg1 MS)

Alfalfa 120 120 120

Corn grain 550 550 550

Corn stubble 150 140 130

Soybean meal 100 100 100

Sunflower oil 0 10 20

Wheat bran 60 60 60

Mineral premix 20 20 20

Chemical composition

Dry matter, % 90.85 91.41 92.66

Crude protein, % 15.47 15.23 15.15

Ether extract, % 3.74 5.28 7.74

Neutral detergent fiber, % 33.14 30.75 31.29

Acid detergent fiber, % 20.07 18.13 18.56

Ashes, % 6.38 6.71 6.81

T1: Complete diet without sunflower oil; T2: Complete diet with 
1% sunflower oil; T3: Complete diet with 2% sunflower oil.
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Chemical analysis
	 In treatments, the following elements were determined: dry matter (DM), crude protein 
(CP), ashes (A), ether extract (EE), according to AOAC (2005). Neutral detergent fiber 
(NDF) and acid detergent fiber (ADF) were quantified using an ANKOM 200/220 analyzer 
(USA), based on the method of Van Soest et al. (1991).

Culture medium, traps for the capture of biogas and biodigesters
	 They were prepared following the methods described by Sánchez-Santillán et al. (2015), 
Hernadez-Morales et al. (2018), and Torres-Salado et al. (2018).

Total gas and methane production
	 Total gas production was quantified by displacing saturated saline solution at 24, 48, 
and 72 h of incubation, according to the description of Torres-Salado et al. (2018). CH4 
production was measured at 24, 48, and 72 h in accordance with the technique described 
by Prada-Matiz and Cortés-Castillo (2011).

Variables of rumen fermentation
	 In vitro degradation of dry matter (DEGDM) was calculated according to Hernández-
Morales et al. (2018). ANKOM® bags were heat sealed to determine NDF, using the 
ANKOM® Technology Method in accordance with Van Soest et al. (1991).
	 Volatile fatty acids (VFA) were analyzed in accordance with the description of Sánchez-
Santillán and Cobos-Peralta (2016).
	 For the concentration of total bacteria, a direct counting technique was employed in 
a Petroff-Hausser® chamber (Hausser #39000, Electron Microscopy Sciences, USA) and 
an Olympus® EX51 microscope (Olympus, USA), at 1000X magnification, in accordance 
with the description of Sánchez-Santillán and Cobos-Peralta (2016).

Statistical analysis
	 The experimental design was completely randomized (eight independent repetitions 
per treatment). Data was analyzed using the GLM procedure of SAS® (SAS, 2011). 
Comparison of means was done with Tukey’s test (0.05). Orthogonal polynomials were 
used in order to test the linear and quadratic effect resulting from the gradual increase of 
sunflower oil.

RESULTS AND DISCUSSION
	 The production of partial gas and total gas increased (p0.05) lineally at 48 and 72 h 
of incubation, as sunflower oil content increased in treatments (Table 2). This increase is 
assumed to be the consequence of a greater digestibility of diets, since Menke et al. (1979) 
mention a high correlation between in vitro gas production and apparent degradability 
of dry matter. At 24 h of incubation, partial gas production decreased (p0.05) lineally, 
perhaps as a result of cellulolitic bacteria, protozoa, and methanogenic archaea toxicity 
(Dohme et al., 1999).
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	 Partial production at 24 and 48 h and accumulated production displayed no difference 
among treatments (p0.05). However, at 72 h of incubation, CH4 production decreased 
(p0.05) lineally. Long chain fatty acids in oils are toxic to methanogenic archaea in 
rumen, which brings about a decrease in CH4 production (Patra & Yu, 2013). 
	 In vitro degradation of dry matter (DEGDM) increased (p0.05) lineally at 24 and 48 h 
of incubation as sunflower oil content in the diet increased (Table 3). However, DEGDM 
decreased (p0.05) lineally at 72 h of incubation. The increase in DEGDM up to 48 h of 
fermentation is attributed to the fermentation of non-structural carbohydrates, while at 72 
h, the linear decrease could be caused by the slow fermentation of carbohydrates in diet 
fiber (Gatachew et al., 1998; Toral et al., 2011).
	 In vitro degradation of neutral detergent fiber (DEGNDF) and acid detergent fiber 
(DEGADF) show no difference between treatments (p0.05) at 24 and 72 h of incubation. 
However, DEGNDF and DEGADF increased (p0.05) lineally at 48 h of incubation. 
This effect could be attributed to a low percentage of sunflower oil in diet, as it has been 
reported that 6% DM contents in diet have decreased fiber digestibility in rumen —
through the direct action of fatty acids on the cellular membrane of bacteria or through 
indirect effects in the availability of Ca2 and Mg2 (Palmquist, 1991).
	 Table 3 shows that, on the one hand, pH increased (p0.05) lineally as the level of 
sunflower oil rose at 24 and 48 h. This could be the result of grain content in diets, given 
that they have fest fermenting carbohydrates. On the other hand, pH decreased (p0.05) 
at 72 h of incubation, which may be related to the accumulation of organic acids in the 
in vitro system, where there is no f low of organic acids towards other systems (Dehority et 
al., 2003). Total bacteria count decreased (p0.05) lineally at 24 and 72 h of incubation 
between treatments. Ley de Coss et al. (2013) reported a total bacteria concentration 
of 109 ml1, while Dehority (2003) published values of 1010 to 1012 bacteria mL1 in 
rumen. These values are higher than those obtained in this study, since high fat content 

Table 2. Production of partial gas and total gas and methane totals in diets prepared with sunflower oil.

Incubation (h)
Treatment

SEM
Value of p

T1 T2 T3 Linear Quadratic

Total gas production (ml g1 MS)

24 102.85a 83.94b 91.70ab 2.5640 0.0429 0.0063

48 37.93b 47.66a 49.14a 1.6980 0.0044 0.1841

72 9.43b 12.36ab 15.11a 0.6640 0.0001 0.9337

Total 143.19b 151.60ab 162.16a 3.0350 0.0086 0.8560

Methane gas production (ml g1 MS)

24 38.09 36.54 40.06 1.5470 0.6230 0.4570

48 13.25 13.48 13.18 0.3590 0.9442 0.7359

72 6.96a 4.72b 4.55b 0.3120 0.0002 0.0332

Total 61.79 56.80 58.88 1.554 0.4512 0.3011
a,b Mean values with different letters in a row indicate differences (p0.05).
T1: Complete diet without sunflower oil; T2: Complete diet with 1% sunflower oil; T3: Complete diet with 
2% sunflower oil; SEM: Standard error of the mean. 
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Table 3. Fermentative characteristics of diets prepared with sunflower oil.

Incubation (h)
Treatment

SEM
Value of p

T1 T2 T3 Linear Quadratic
In vitro degradability of dry matter (%)

24 41.80b 41.49b 47.85a 1.0030 0.0050 0.0410

48 48.08b 61.38a 68.48a 2.7750 0.0002 0.3414

72 72.75a 67.48b 68.98ab 0.8650 0.0430 0.0370

In vitro degradability of neutral detergent fiber (%)

24 43.51 47.90 45.06 1.087 0.5564 0.1456

48 45.85b 52.29a 54.85a 1.252 0.0009 0.2719

72 57.87 55.66 56.98 0.499 0.4553 0.1057

In vitro degradability of acid detergent fiber (%)

24 20.30 14.44 22.06 1.367 0.5314 0.0224

48 25.14b 37.19a 44.81a 2.578 0.0001 0.3976

72 49.79a 46.28b 50.39a 0.674 0.6396 0.004

pH

24 5.48b 5.52ab 5.58a 0.015 0.0041 0.6903

48 5.54 5.52 5.58 0.013 0.2149 0.1564

72 5.64 5.60 5.60 0.009 0.0687 0.2707

Total bacteria (109 cells mL1)

24 6.16a 5.68a 4.56b 0.233 0.0016 0.3676

48 5.68 6.20 6.88 0.492 0.3435 0.9451

72 6.00 5.30 5.12 0.170 0.0243 0.4274
a,b Mean values with different letters in a row indicate differences (p0.05).
T1: Complete diet without sunflower oil; T2: Complete diet with 1% sunflower oil; T3: Complete diet with 
2% sunflower oil; SEM: Standard error of the mean.

in diet reduces the number of protozoa as well as bacterial concentration in rumen (Yang 
et al., 2009), especially fibrolytic bacteria, which are more sensitive to fat content in 
diet (Patra and Yu, 2013). Table 4 shows that the acetic and propionic acid ratio did 
not display any difference between treatments at 24 and 72 h of incubation (p0.05). 
Butyric acid content decreased (p0.05) lineally at 48 h of incubation. The inclusion of 
oil in diets did not result in the decrease of the total concentration of fatty acids during 
the measured incubation times (p0.05). On the contrary, Toral et al. (2011) reported 
that the total fatty acid content diminished with diets including 20 g kg1 of sunflower 
oil and 10 g kg1 of fish oil in adult sheep. The H2 generated, along with the presence of 
methanogenic archaea, increase methane production by using H2 and CO2 as a source 
of energy (Kim et al., 2012). Meanwhile, Jordan et al. (2006) have observed that using 
coconut oil decreases the total VFA concentration, because it reduces the digestibility of 
dry matter and NDF and ADF components.
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CONCLUSIONS
	 The inclusion of sunflower oil in sheep diet has had a positive influence on the in vitro 
degradability of dry matter, without affecting fiber degradability. Therefore, it could be 
used as an alternative to reduce methane emissions in ruminants.
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