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Inclusion of oils in the in vitro 
fermentation of elephant grass 
(Pennisetum purpureum Schum. cv. 
Cameroon)

ABSTRACT - The objective of this study was to assess the impact of incorporating 
vegetable oils into the in vitro fermentation of a tropical grass on the kinetics and 
digestibility of the fibrous fraction by rumen microorganisms. Treatments consisted 
of different inclusion levels (0, 2, 4, and 6% dry matter) of lipid sources, namely 
soybean oil, canola oil, and baru oil, mixed with tropical forage (Pennisetum purpureum 
Schum cv. Cameroon). A completely randomized design was employed, featuring 
a 3 × 4 factorial arrangement (three lipid sources at four inclusion levels), resulting 
in 12 treatments, each with three replications. We examined the kinetics of rumen 
fermentation using the semi-automatic in vitro technique of cumulative gas production. 
Oil inclusion levels had a significant impact on in vitro gas production and lag time 
(P<0.0001), with values decreasing as the oil inclusion levels were increased, with 
no effect of sources. Furthermore, the digestibility of forage neutral detergent fiber 
(NDF) was negatively affected by higher oil inclusion levels, with significant differences 
observed among the lipid sources tested (P<0.0013), with improved digestibility effect 
for baru oil. The production and profile of short-chain fatty acids were also influenced 
by oil inclusion level factors; however, the influence of different lipid sources was only 
evident in treatments with 6% inclusion. Baru oil can be a potential dietary alternative 
for ruminant supplementation in the intake of tropical forages, as it presented the 
lowest adverse effect on the in vitro digestibility of NDF among the lipid sources used, 
such as soybean oil.
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1. Introduction

Highly productive ruminants require increased energy mobilization to reach their production potential. 
Using vegetable oils as an energy source can improve performance, whether during the finishing phase 
(Silva et al., 2020) or in the transition period, of beef cattle and dairy cows (Mikuła et al., 2021). 
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Indigenous plant-derived oils, like baru oil from the cerrado biome, offer alternatives to traditional 
oils. The baru tree (Dipteryx alata Vog.) produces nuts rich in oleic acid, making it a valuable oil source. 
Research on cerrado species can promote biome conservation and create jobs through sustainable 
management (Campidelli et al., 2022).

Elephant grass (Pennisetum purpureum Schum.), widely used in ruminant diets, is valued for its high 
dry matter (DM) productivity, adaptability, and resistance to pests (Araújo et al., 2022). However, 
ruminants have limitations in metabolizing high-lipid diets (Van Soest, 1994). Lipid supplementation 
above 5% DM can reduce intake due to intake control mechanisms and fatty acid oxidation limits 
(Allen, 2020). Excessive lipids may harm the microbiota, reducing fermentation efficiency (Kargar et al., 
2023), prompting research into safer lipid sources.

Barueiro almond oil, rich in antioxidants, fatty acids, and bioactive compounds, shows potential for 
improving lipid markers and reducing cardiovascular risk (Campidelli et al., 2022).

Considering the potential of lipids to support animal production and the challenges ruminants face 
in utilizing them, it is crucial to study their impact on digestion and effective incorporation into 
diets as oils. This study aimed to assess the in vitro effects of baru oil and common vegetable oils on 
fermentation, fibrous digestibility, and kinetic parameters in tropical grass.

2. Material and methods

The experiment was conducted in Brasília, Federal District, Brazil (latitude: 15°56'55.2"; longitude: 
47°56'03.5"; elevation: 1,100 m) with prior approval from the Ethics Committee on Animal Use 
(CEUA/UnB, approval no. 21/2019).

We investigated the effects of three lipid sources—soybean oil (SO, Glycine max), canola oil (CO, 
Brassica napus), and baru oil (BO)—at four inclusion levels (0, 2, 4, and 6% DM) on the ruminal 
fermentation of Pennisetum purpureum Schum. cv. Cameroon, totaling 12 treatments, each with three 
replications, in a completely randomized 3 × 4 factorial design. The forage was collected at 70 days 
(2.65 m high) during the rainy season in Ceres, Goiás, Brazil.

The chemical composition of the forage (Table 1) was analyzed for DM (method 925.45b), crude 
protein (CP, method 934.13A), mineral matter, and ether extract (EE, method 960.39), following 
AOAC (2019). Neutral detergent fiber (NDF, method F-002/2) and acid detergent fiber (ADF, method 
F-004/2) followed INCT-CA (Detmann et al., 2021).

Table 1 - Chemical composition of the forage (Pennisetum purpureum Schum. cv. Cameroon)
Component Concentration (g/kg DM)
Dry matter (DM) 159
Crude protein 112
Mineral matter 57
Ether extract 22
Neutral detergent fiber 658
Acid detergent fiber 299

The semi-automatic in vitro gas production technique (Mauricio et al., 1999) was applied using 
160-mL glass vials. Three consecutive incubations were performed with ruminal fluid from two 
adult sheep (60 kg) with permanent ruminal cannulas, grazing Tifton 85 grass (Cynodon spp.) and 
receiving 100 g of concentrate daily.

For each treatment, 1 g DM of forage or its combination with oil levels was placed in 160-mL bottles, 
followed by 90 mL of medium B and reducing solution (Theodorou and Zhu, 1993). After CO2 saturation, 
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bottles were sealed, incubated at 39 °C, and inoculated with 10 mL of rumen fluid. Initial pressure 
readings were standardized, and three blank bottles were incubated.

Gas pressure readings were taken at 0, 1, 3, 6, 9, 12, 15, 18, 21, 24, 30, 36, 42, 48, 60, 72, and 96 h 
due to continued fermentation beyond 48 h. Pressure data (PSI) were converted to gas volume using 
Guimarães Júnior et al. (2008) (Eq. 1), considering Brasília’s temperature and atmospheric pressure. 
Bottles were manually shaken after each measurement.

Volume (mL ) = 4.50231 × Pressure + 0.05164 × Pressure2 (R2 = 0.996)                         (1)

The gas volume from control bottles was subtracted from sample bottles at each reading, with adjusted 
values cumulatively added to form an overtime soluble fraction curve. Gas production kinetics were 
analyzed using the model France et al. (1993) (Eq. 2).

V(t) = Vf {1 –e[–b(t–λ)–c(√t–√λ)]} + ε                                                             (2)

in which V(t) represents the cumulative gas volume at time (t), Vf indicates the total gas volume; 
parameters b and c have no biological interpretation and are the exponential function (−e), and ε 
denotes the experimental error.

To assess ammonia nitrogen (N-NH3) and short-chain fatty acids (SCFA), 500 mg of forage samples 
or forage-oil combinations were placed in 5 × 5 cm non-woven fabric (NWF) filter bags. The bags 
were sealed and incubated in 100-mL glass bottles containing 45 mL of medium B. The bottles were 
inoculated with 5 mL of rumen fluid (1:9 ratio, inoculum/medium) and incubated at 39 °C (Chaney 
and Marbach, 1962). Gases were released every three hours for 12 h, and every six hours for 36 h. 
Samples were collected at 24 and 48 h, processed, and analyzed (Erwin et al., 1961).

The in vitro NDF digestibility (IVNDFD) was measured by incubating 500 mg of forage or forage-oil 
combinations in 5 × 5 cm NWF filter bags, placed in 100-mL bottles with 10 mL rumen inoculum and 
40 mL McDougall’s buffer (1:4), incubated at 39 ℃, and the gas produced was removed periodically 
(Tlley and Terry, 1963). After incubation, bags were autoclaved, rinsed, dried, and weighed to 
determine NDF residue (Detmann et al., 2021).

The experiment followed a completely randomized 3 × 4 factorial design (three lipid sources and four 
inclusion levels) with three replications, using bottles as the experimental units. Statistical analyses 
were performed with the PROC MIXED procedure in SAS software (Statistical Analysis System, 2004), 
with a significance level of 0.05. Interactions were analyzed based on significance as determined by 
the statistical model (Eq. 3).

  Yijkl = µ + Ai + Bj + ABijk + Eijkl                                                                (3)

In the model, Yijkl represents the observation on lipid sources (i), inclusion levels (j), and replication (k); 
µ is the fixed general mean effect; Ai and Bj are random effects for lipid sources (soybean, canola, baru 
oil) and oil inclusion levels (0, 2, 4, 6% DM); ABijk is the interaction effect; and Eijkl is the random error 
associated with repetitions.

3. Results

The examined oil inclusion levels had a significant linear effect (P<0.0001) on total gas production 
(Table 2). As oil inclusion increased, gas production decreased across all lipid sources. Average gas 
production values were 263.2, 261.83, 253.37, and 243.05 mL of gas/mg DM incubated for treatments 
with 0, 2, 4, and 6% oil inclusion, respectively.

Gas production was significantly affected by the treatments and their interactions at 72 and 96 h, with 
inclusion levels showing a quadratic effect (P<0.05) regardless of the lipid source. Additionally, oil 
inclusion levels had a linear effect (P<0.05) on lag time, accelerating colonization as lipid inclusion 
increased.
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Oil inclusion levels significantly reduced IVNDFD in a linear manner (P<0.0001) as levels increased. 
The lipid source also had a linear effect (P<0.05) on IVNDFD at 96 h of incubation. Baru oil treatments 
consistently showed higher IVNDFD values, with a significant difference at the 6% inclusion level: 
baru oil (36.14%) was higher compared with soybean oil (34.05%) and canola oil (32.66%).

The sources, oil levels, and their interaction affected ruminal N-NH3 concentration at 24 h (Table 3). 
Baru oil showed higher values (6.75 mg/dL) compared with canola (4.47 mg/dL) and soybean 
(4.73 mg/dL) oils, with significant differences (P<0.0001) at 2, 4, and 6% levels. A quadratic effect 
was observed, with the highest N-NH3 concentration in treatments without oil (9.11 mg/dL).

At 48 h, oil inclusion levels showed a significant linear effect (P<0.0001) on ruminal N-NH3 concentration, 
with higher inclusion levels resulting in the highest mean values for this parameter.

Oil inclusion levels caused a quadratic effect (P<0.001) on SCFA production at 24 h (Table 3). Acetate 
and propionate production decreased, while butyrate production increased across all oil treatments. 
There was an interaction effect (P<0.05) on butyric acid, with baru oil leading to lower values at 2% 
inclusion and canola oil at 6%. The C2:C3 ratio also showed a significant linear effect (P<0.0001), 
increasing with higher oil inclusion levels.

Within 48 h, oil levels significantly affected all fermentation profile variables (P<0.0001). Oil treatments 
showed lower acetate and propionate production, a lower C2:C3 ratio compared with treatments 
without oil, and higher butyrate production.

4. Discussion

Soybean, widely used in Brazil in ruminant diets as oil and grain, contrasts with canola oil, which, 
though less common, holds potential due to its favorable fatty acid profile and local production. Baru 
oil, as an alternative lipid source, aids Cerrado biome conservation, where Brazil’s largest cattle herd 
is located. Typically, lipid inclusion in animal diets follows international guidelines (Elsabaawy and Gad, 
2021), often neglecting the distinct chemical and nutritional characteristics of regional feed ingredients. 
Literature suggests lipid inclusion should remain between 5 to 7% DM to avoid negative effects on 
rumen microbiota, which can reduce fiber and organic compound digestion (Ibrahim et al., 2021).

Higher oil levels likely interfered with bacterial activity on forage particles, reducing fermentative 
activity and fiber digestibility. This led to a decrease in final gas volume (Vf), with lipids modulating 
ruminal microbiota, particularly those that metabolize carbohydrates (Hassan et al., 2020). All 
oil sources negatively impacted NDF digestion, with the highest reductions observed in canola 
oil (39.54%), soybean oil (36.97%), and baru oil (33.10%). Lipids disrupt ruminal fermentation, 
decreasing digestion of non-lipid energy sources, with structural carbohydrate digestion reduced by 
50% or more with less than 10% added fat (Ibrahim et al., 2021). However, for IVNDFD, baru oil 
showed the highest value (44.52%), followed by soybean oil (43.31%) and canola oil (42.23%).

Vegetable oils generally contain more unsaturated fatty acids, with canola and soybean oils having 
higher unsaturation levels, impacting rumen fermentation kinetics (Joy et al., 2021). Soybean oil is rich 
in polyunsaturated linoleic acid (51%), while canola oil has a higher proportion of monounsaturated 
oleic acid (53.8%) (NRC, 2016). Baru oil contains mainly oleic acid (47.1%) and less unsaturated 
fatty acids, likely contributing to its milder negative effects on IVNDFD (Kargar et al., 2023).

Gas production at 48 h showed no significant differences between oil sources or levels. However, at 72 
and 96 h, lower oil levels led to increased gas production, suggesting biohydrogenation had reduced 
the negative impact of unsaturated fatty acids on fermentation. The lag period, or time before gas 
production begins, was reduced with increasing oil doses, with an average of 0.87 h for treatments 
with 6% oil, likely due to rapid fermentation of glycerol from oils (Castañeda-Rodríguez et al., 2023). 
Lipids, though a valuable energy source for ruminants, do not serve the same purpose for rumen 
microbiota, which rely more on proteins and carbohydrates. 
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Nitrogen (N-NH3) availability for microbial synthesis depends on forage digestion, medium composition, 
and microbial recycling (Ortega et al., 2022). Oil inclusion lowered N-NH3 concentrations at 24 h 
compared with treatments without oil, likely due to lipid inhibition of protozoa. By 48 h, treatments 
with oil showed higher N-NH3 concentrations, possibly due to delayed protein release from forage 
(Muñoz-Cuautle et al., 2022). This increase could also be linked to reduced microbial growth from 
glycerol fermentation, leading to less N-NH3 utilization. Higher oil inclusion levels further increased 
N-NH3 concentrations, suggesting a role in nitrogen utilization and fiber digestion. Consequently, 
variations in N-NH3 concentrations may be closely associated with the level of lipid inclusion and 
their degree of unsaturation, potentially contributing to a decrease in the microbial population 
(Steinbuch et al., 2018).

Short-chain fatty acid production is crucial, providing 60-80% of the host’s dietary energy. Lipid 
supplementation affects SCFA molar ratios depending on diet composition, lipid inclusion rate, and 
basal lipid content (Bai et al., 2024). Treatments with oil inclusion showed lower proportions of acetic 
(C2) and propionic (C3) SCFA at 24 h, with higher butyric (C4) acid. At 48 h, the trend continued, with 
canola oil resulting in the lowest acetate and highest propionate concentrations at 6% oil inclusion. 
This shift is likely due to fatty acid inhibition of cellulolytic microorganisms, which produce acetate, 
coupled with lower fermentation quality of tropical forage.

The C2:C3 ratios showed significant linear increases (P<0.05) with higher inclusion levels across 
all tested oil sources, whereas the effect on ammonia concentration was only observed after 48 h. 
Current research indicates that vegetable oils can increase proteolytic activity through alterations in 
the microbial population, leading to increased protein degradation and subsequent ammonia release 
(Nurfatahillah et al., 2022; Zhang et al., 2022). These microbial alterations simultaneously reduce 
methane production (Muñoz-Cuautle et al., 2022) and acetate (C2) accumulation. The observed effects 
are primarily attributed to the high unsaturated fatty acid content in the oils, which selectively 
inhibits methanogenic archaea and stimulates propionate (C3)-producing bacteria.

The precise mechanism behind increased butyrate production from oil supplementation remains 
unclear. However, oil inclusion alters the microbiota profile, promoting butyrogenic bacteria, while 
inhibiting fibrolytic species (Gruninger et al., 2022). Unsaturated fatty acids serve as precursors 
for microbial hydrogenation, a key butyrate-generating process, while released glycerol from lipid 
hydrolysis provides additional fermentation substrate (Amanullah et al., 2022).

The increasing linear effect observed for the C2:C3 ratio with higher oil inclusion levels contrasts 
with conventional literature, which often reports a reduction in this ratio due to an increase in 
propionate production (Gunun et al., 2024). The result found in the present study may be related to 
the selective inhibition of C3-producing bacteria, alterations in biohydrogenation pathways, or specific 
characteristics of the tested oil.

The N-NH₃ concentration, butyrate production, and C2:C3 ratio exhibited contrasting temporal patterns 
between 24 and 48 h across oil treatments. While these parameters decreased at 24 h, they increased 
significantly by 48 h (P<0.05). We hypothesize that this shift reflects microbial adaptation dynamics: 
initial oil exposure transiently suppressed activity (lag phase, 24 h), followed by population shifts and 
enzymatic acclimation enhancing fermentation at 48 h. This aligns with ruminal microbial colonization 
(lag time), in which fibrolytic microbes require prolonged exposure to degrade lipid-coated feed 
(Zhang et al., 2022).

5. Conclusions

In vitro testing revealed that baru oil is the most suitable option for supplementing ruminants due to 
its lesser effect on fiber digestibility, likely because of its lower unsaturated fatty acid content. Fiber 
digestibility is most reduced with canola oil (39.54%), followed by soybean oil (36.97%) and baru oil 
(33.10%).
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The SCFA profiles from the in vitro study show decreased acetic and propionic acids and increased 
butyric acid, with more pronounced effects at higher inclusion levels, especially with canola oil. The 
study suggests keeping lipid inclusion below 5% DM to avoid negative impacts on rumen function, 
highlighting the milder impact of baru oil compared with soybean and canola oils.
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