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ABSTRACT - The objective of this study was to evaluate the intake and ruminal 
parameters of goats fed diets supplemented with vegetable oils. Four rumen-cannulated 
Saanen goats were allocated to four treatments, which consisted of a control diet and 
diets with the inclusion of 30 g of canola, sunflower, or soybean oils per kilogram of 
diet dry matter (DM). The experiment lasted 40 days, which were divided into four 
10-day periods. Forage intake was estimated using chromium oxide as an external 
marker, and supplement intake was determined as the difference between the daily 
amount supplied and orts. Rumen fermentation parameters were evaluated from 
samples of rumen fluid collected every 2 h, for 12 h. Rumen pH and short-chain fatty 
acid and ammonia nitrogen concentrations were measured. There was no effect of 
lipid supplementation on DM intake. Ether extract intake was highest in the treatments 
with oil inclusion, and the highest acid detergent fiber intake was obtained with 
the diet containing canola oil. The pH was highest in the group fed soybean oil and 
responded quadratically to the collection times. Total short-chain fatty acid and acetic 
acid concentrations also responded quadratically to the collection times. Propionic and 
butyric acid concentrations and acetic:propionic acid ratio showed a cubic behavior 
with the increasing collection times. Canola, sunflower, or soybean oils can be included 
at 30 g/kg of the diet DM as a strategy to increase the energy density of goat diets.

Keywords: Capra hircus, fatty acids, fermentation, pH, rumen ammonia nitrogen

1. Introduction

Lipid supplementation in the form of vegetable oils in the diet of ruminants has been adopted as a 
strategy to improve the fatty acid profile of the fat in the food product (meat and milk). However, changes 
in the characteristics of ruminant diets, which are naturally forage-based, may induce alterations in 
rumen metabolism, digestive processes (Maia et al., 2006), and feed intake, possibly causing damage to 
the animal. Therefore, studies are warranted to prove the efficiency of the technique.

According to Nagaraja et al. (1997), the following effects of lipid inclusion are expected on rumen 
fermentation: reduced fermentation of fibrous carbohydrates; increased microbial efficiency, with 
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consequent greater intestinal flow of microbial protein and decreased rumen ammonia concentration 
resulting from proteolysis and/or recycling of bacteria, both due to the decrease in ciliated protozoa; 
increased propionate production; and, oftentimes, reduced methanogenesis.

Vegetable oils contain a larger proportion of unsaturated than saturated fatty acids and have a higher 
apparent digestibility than animal fat sources (Costa et al., 2009). When included in the ruminant 
diet, unsaturated lipids are modified in the rumen environment by the biohydrogenation process, 
which consists of the addition of hydrogen to the double bonds of unsaturated fatty acids, increasing 
the degree of saturation. According to Palmquist and Mattos (2011), this is because some fatty acids 
are toxic to ruminal microorganisms, e.g., medium-chain fatty acids (4-10 carbons) and long-chain 
polyunsaturated fatty acids, suggesting that not only the chain size, but also the degree of unsaturation 
can alter rumen fermentation, but also can bring positives changes in the animal products.

Results of research in this area not only vary largely but are also conflicting. Jenkins (1993) stated 
that rumen fermentation parameters can be modified by lipid supplementation, while other studies 
report no changes (Beauchemin et al., 2007). It is also known that the extent of lipid interference with 
ruminal parameters depends on the source and level of addition of the lipid source to the diet (Homem 
Junior et al., 2010).

Most studies involving lipid supplementation for ruminants use cattle as the animal model. As a 
consequence, little information is available on the effects of lipids on rumen fermentation characteristics  
in goats, a species with differentiated feeding behavior and metabolism compared with other ruminant 
species (Van Soest, 1994; Chilliard et al., 2003). For these reasons, goats may have different responses 
to this feeding strategy.

Based on these considerations, the present study was conducted to evaluate the ruminal parameters of 
pH, short-chain fatty acids (SCFA), and ammonia nitrogen in goats fed diets supplemented with canola, 
sunflower, or soybean oils, and according to what was observed in this study, if the inclusion of oil in 
the goat diet does not alter ruminal health, this may mean that the inclusion of oil can be studied as an 
option to improve the quality of products of this species.

2. Material and Methods

The experiment was conducted in the experimental station, in São Paulo State, Brazil (22°53'08" S and 
48°26'42" W, at 837 m asl), after approval by the local ethics committee (approval no. 29/2012 - CEUA).

We used four non-pregnant, non-lactating, rumen-cannulated Saanen goats with an initial average 
weight of 57 kg in the experiment. The animals were kept from 07.00 to 18.00 h in a 0.6-ha area 
established with Panicum maximum cv. Tobiatã, under rotational grazing with a fixed stocking rate. 
The field was divided into 11 paddocks of approximately 500 m², which were equipped with automatic 
drinkers and a free-access rest area with artificial shade provided by a shade cloth. Each paddock had 
an occupation period of three days, with 30 days of rest. After the grazing period, the animals were 
moved to individual 3.5-m² stalls with slatted floors, equipped with automatic drinkers and salt and 
feed troughs, where they received 0.8 kg of supplement/animal/day according to the treatment. In the 
stalls, water and mineral mixture were available ad libitum.

The experiment lasted 40 days, divided into four 10-day periods. The first nine days were used as 
a period of acclimation to the diets and the tenth day was used for data and sample collection to 
determine rumen parameters (SCFA, pH, and ammoniacal nitrogen).

Four treatments were tested, as follows: control diet or diets including 30 g/kg (diet dry matter [DM]) 
of canola (Brassica napus L.), sunflower (Helianthus annuus L.), or soybean (Glycyne max L.) oil.

The diets (Table 1) were formulated according to NRC (2007) recommendations to meet the nutritional 
requirements of the goats. The Small Ruminant Nutrition System (SRNS) computer program based on 
the structure of the Cornell Net Carbohydrate and Protein System (Cannas et al., 2004) for sheep was 
used to determine the nutritional composition of the diets, which is based on rumen simulation.
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The chemical compositions of feed ingredients, supplement, and forage were determined (Table 1). For 
the analysis of the supplement, samples of approximately 200 g from each supply were obtained after 
mixing with the vegetable oil for each treatment. For the forage samples, the simulated grazing method 
was applied, which consists of manual harvesting so that the material is as similar as possible to that 
consumed by the animals (De Vries, 1995). For this step, the goats were accompanied upon entering  
the paddock and their grazing habit was observed so that representative samples of the consumed 
forage would be collected during the three days of stay in the paddock. 

After thawing, the samples were dried for 72 h at 55 °C in a forced-air oven and then processed in a knife 
mill with a 1-mm mesh sieve and packed for later analysis. The DM, mineral matter (MM), crude protein 
(CP), ether extract (EE), cellulose, and lignin contents of the samples were determined according to 
AOAC International (Cunniff, 1995), whereas the neutral (NDF) and acid detergent fiber (ADF) contents 
were measured following the methodology proposed by Van Soest et al. (1991). The total digestible 
nutrients (TDN) content was determined according to Weiss (1999), as shown below (equation 1):

TDN = 0.98 × (100 – NDF – CP – MM – EE – 1) + 0.93 × CP + 2.25 × EE × 0.75 × (NDF – LIG) × 
LIG
NDF1 – × 0.667  – 7                                                                    (1)

The concentration of the main fatty acids in the oils, forage, and supplements was determined by 
extraction, following the methodology of Rodrígues-Ruiz et al. (1998) (Table 2). Supplement intake 
was calculated as the difference between the amount supplied and orts, which were weighed daily. 
Forage intake was determined by using chromium oxide (Cr2O3) associated with the internal marker 
iNDF (indigestible neutral detergent fiber).

Table 1 - Dry matter composition (g/kg), supplement cost, ingredients and forage chemical composition

Ingredient
Diet

Control Canola Sunflower Soybean

Forage1 500 500 500 500

Corn 215 0 0 0

Soybean meal 167 192 192 192

Wheat bran 82 245 245 245

Limestone 5 5 5 5

Mineral matter2 28 28 28 28

Dicalcium phosphate 3 0 0 0

Oil 0 30 30 30

Ingredient
Chemical composition

DM MM MP3 EE NDF ADF Celullose Lignin TDN

Corn 801 14 101 49 121 42 34 10 906

Soybean meal 813 63 276 36 200 90 73 8 802

Wheat bran 811 53 146 39 404 132 93 24 767

Forrage1 256 83 123 11 679 348 297 20 646

Suplement

Control 869 94 171 28 216 88 62 8 773

Canola 875 102 200 86 326 130 80 12 805

Sunflower 872 103 200 79 316 122 81 11 801

Soybean 872 101 201 83 335 132 81 11 803

DM - dry matter; MM - mineral matter; MP - metabolizable protein; EE - ether extract; NDF - neutral detergent fiber; ADF - acid detergent fiber; 
TDN - total digestible nutrients.
1 Forage: Panicum maximum cv. Tobiatã.
2 Composition (g/kg): calcium, 200 g; phosphorus, 70 g; fluorine, 700 mg; sodium, 100 g; sulphur, 10 g; magnesium, 5000 mg; cobalt, 25 mg; 

cupper, 440 mg; chromium, 6 mg; iron, 340 mg; iodine, 48 mg; manganese, 1480 mg; selenium, 20 mg; zinc, 3010 mg; vitamin A, 250,000 IU; 
vitamin D3, 40,000 IU; vitamin E, 350 IU. 

3 Cornell Net Carbohydrate and Protein System structure for sheep (Cannas et al., 2004).
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To estimate fecal output, chromium oxide (Cr2O3) capsules were administered orally in the amount 
of 2.5 g once daily (at 06.00 h), for 10 days, to 20 goats (five animals per treatment) (Detmann et al., 
2001). The first five days were used to stabilize the concentration of Cr2O3 in the feces and the last five 
days for fecal collection, which was performed at 06.00 and 18.00 h. A composite sample of feces was 
made for each animal. These were dried for 72 h in a forced-air oven at 55 °C and ground through a 
knife mill with a 1-mm mesh sieve. The concentration of the marker in the feces was determined by 
colorimetry after nitric-perchloric acid digestion of the samples, in accordance with the methodology 
adapted from Bremer Neto et al. (2005).

Fecal DM output (FDMO) was estimated as the ratio between the supplied amount of the marker (AM 
supplied) and its concentration in the feces (AM feces) (equation 2):

FDMO (g⁄day) = [AM supplied⁄MA feces] × 100                                           (2)

Indigestible NDF (iNDF) was used as an internal marker to estimate voluntary DM intake from the 
forage, which was calculated by the equation proposed by Detmann et al. (2001), as shown below 
(equation 3):

DMI = {[(FDMO × iNDFFe) – iNDFIS]⁄iNDFFo} + SDMI                                      (3)

in which DMI (kg/day) = dry matter intake; FDMO = fecal dry matter output (kg/day); iNDFFe = iNDF 
concentration in the feces (kg/kg); iNDFIS = iNDF intake from supplement (kg/day); iNDFFo = iNDF 
concentration in the forage (kg/kg); and SDMI = supplement dry matter intake (kg/day).

Rumen fluid was collected on the 10th day of each period, at 2-h intervals, for 12 h. Collections started 
after the goats returned from the paddocks, at 18.00, and ended at 06.00 h, totaling seven collections 
per animal. The rumen content obtained from various parts of the rumen was filtered through gauze to 
separate the liquid from the solid part, which was returned to the rumen.

To determine the pH, rumen fluid obtained from each collection was placed in a 100-mL beaker and 
the pH was measured using a benchtop digital pH meter calibrated in buffer solutions of pH 4.0 and 
7.0. For SCFA, rumen fluid aliquots were placed in 15-mL tubes and centrifuged at 3000 rpm for 
15 min. Two milliliters of the supernatant were transferred to 5-mL test tubes containing 0.4 mL 
formic acid A.R. For N-NH3, the same procedure was adopted, except for the use of 1 mL of 1N sulfuric 
acid for preservation. Samples were kept frozen until laboratory analysis.

Acetic, propionic, and butyric acids were analyzed by gas chromatography, following the method 
described by Erwin et al. (1961). For this evaluation, a gas chromatograph (Focus GC, Thermo 
Scientific®) was used with an automatic sample injector (AS-3000, Thermo Electron Corporation®) 

Table 2 - Profile of the main fatty acids in forage, oils, and supplements

Fatty acid 
(g/kg) Forage1

Oil Supplement

Canola Sunflower Soybean Control Canola Sunflower Soybean

C14:0 (miristic) 6.50 0.80 0.80 0.90 0.90 0.90 0.90 1.00

C16:0 (palmitic) 267.90 51.10 64.30 114.70 169.40 96.40 108.80 142.80

C18:0 (stearic) 25.30 23.10 30.40 29.90 28.40 23.00 28.60 26.70

C18:1 (oleic) 15.00 631.30 278.90 254.40 284.50 517.80 256.60 242.00

C18:2 (linoleic) 183.20 183.00 608.90 527.00 479.80 275.10 570.40 527.90
C18:3n6 
(γ-linolenic) 0.00 5.50 1.90 2.40 0.00 1.20 1.30 1.70

C18:3n3 
(linolenic) 438.90 66.60 1.30 49.20 23.40 58.10 17.00 41.70

Others 56.80 24.50 10.70 13.60 10.30 21.70 13.60 14.00
1 Panicum maximum cv. Tobiatã.
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equipped with a 2-m-long glass column, 1/5” inner diameter, packed with a stationary phase (80/120, 
Carbopack®; B-DA/4%, Carbowax®; 20M, Supelco®) and a flame ionization detector kept at 270 °C. The 
gas chromatograph oven was kept at 190 °C during analysis, with an injector temperature of 220 °C. 
High-purity H2 was used as carrier gas, at a flow rate of 30 mL/min.

The N-NH3 content was determined by colorimetry, according to the method described by Kulasek 
(1972) and adapted by Foldager (1977).

Body weight dynamics was monitored by weighing the animals at the start and end of each period.

The experiment was laid out in a balanced 4 × 4 Latin square design. Data were processed by analysis 
of variance with repeated measures over time and treatment means were compared using Tukey’s test. 
The effect of collection time was studied through polynomial regression by applying the “Sequential 
Regression” procedure, which evaluates the effect of each independent variable added to the analysis 
model. The chosen model was that which showed significance in regression analysis of variance 
(F test) and model coefficients (t test) and whose independent variable was responsible for most of the 
explanation (isolated effect) of the full model. For the analyses and tests, the significance level of 5% 
was adopted. Data were processed using SAEG statistical software (UFV, 2000).

3. Results  

Dry matter intake did not differ between the treatment groups (Table 3). This was also true for the 
intake of nutrients, except EE, inherent to the treatments, and ADF, whose lowest intake was observed 
in the control group, possibly due to the lower content of this nutrient in the supplement (Table 1). 
The diets including sunflower and soybean oils did not differ from the others, whereas the treatment 
including canola oil provided the highest average ADF intake. This result was likely due to the selection 
of particles in the feed, since the supplements used in treatments with oil inclusion were formulated to 
provide the same nutritional levels, only with different oil sources.

The evaluated treatments also did not influence average daily weight gain. Ammoniacal nitrogen (N-NH3) 
concentration was not influenced by lipid supplementation or by sampling time (Table 4). This variable 
averaged 35.82 mg/dL, which is higher than the 31.2 mg/dL obtained by Silva et al. (2007) and the 
22.9 mg/dL observed by Maia et al. (2006), in an evaluation of lipid supplementation for dairy goats.

Table 3 - Dry matter (DMI) and nutrients intake according to treatments 

Variable Average
Treatment

Control Canola Sunflower Soybean

DMI (kg/d) 0.646 0.599 0.694 0.698 0.593

Forage 0.266 0.212 0.287 0.313 0.250

Supplement 0.380 0.386 0.407 0.386 0.343

DMI100
 (kg/100 kg LW) 1.144 1.073 1.216 1.253 1.037

Forage 0.476 0.379 0.508 0.568 0.448

Supplement 0.669 0.694 0.707 0.685 0.588

DMI0.75
 (g/kg0.75) 31.30 29.26 33.35 34.14 28.45

Forage 12.97 10.34 13.91 15.43 12.22

Supplement 18.32 18.92 19.44 18.71 16.23

Metabolizable protein intake (g/d) 110 100 120 110 100

Ether extract intake (g/d) 30 14b 36a 34a 31ab

NDF intake (g/d) 290 240 330 320 280

ADF intake (g/d) 130 110b 150a 120ab 120ab

Total digestible nutrients intake (g/d) 480 480 510 470 440

Average daily gain (kg) −0.005 0.07 −0.02 0.11 −0.18
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In terms of rumen pH, the lowest mean was obtained with control treatment, whereas supplementation 
with soybean oil provided the highest values. The observed variations in pH and total SCFA during the 
collection period suggest a strong relationship with feed intake. Both variables showed a quadratic 
response to collection time, but with an inverse behavior on the curve, with a minimum pH of 5.98 
and maximum total SCFA content of 102.03 Mm at around 5 h after the supplement was supplied 
(Figure 1). This pH decline and increased total SCFA concentration characterize the peak of rumen 
fermentation due to the use of readily fermentable feedstuffs, which lead to a decrease in rumination 
and a consequent reduction in the production of saliva, which has a buffering action.

Total SCFA, acetic, propionic, and butyric acids, and acetic:propionic acid ratio were not influenced 
by lipid supplementation. However, there was a sampling time effect for all variables due to the 
fermentation of the ingested feed particles.

Acetic acid (Figure 2) responded quadratically to the collection times, with the highest concentration 
(73.10 mM) reached 5 h after the supplement was given. Collection time had a cubic effect on butyric 
and propionic acid contents (Figures 3 and 4), whose maximum concentrations of 9.75 and 21.43 mM, 

Figure 1 - Total short-chain fatty acid (SCFA) concentration and pH values as a function of time (h).
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Table 4 - pH averages, ammoniacal nitrogen concentrations, acetic, propionic, and butyric acids, acetic:propionic 
ratio, and total short-chain fatty acids on treatments and times

Variable
Treatment

CV (%) Average/Regression
Control Canola Sunflower Soybean

N-NH3 (mg/dL) 33.13 38.30 37.22 34.64 15.19 35.8

pH 5.98b 6.15ab 6.19ab 6.34a 2.92 Ŷ = 6.2694 – 0.1116x + 0.0109x2

(R² = 0.90)

Acetic acid (mM) 67.09 68.75 63.43 53.60 14.56 Ŷ = 58.5913 + 5.8057x – 0.5809x2

(R² = 0.85)

Propionic acid (mM) 16.19 18.30 16.27 15.76 21.89 Ŷ = 12.0523 + 5.2984x – 0.8897x2 + 0.0378x3

(R² = 0.99)

Butyric acid (mM) 8.40 7.87 7.57 6.78 20.03 Ŷ = 6.0117 + 2.1026x – 0.3682x2 + 0.0162x3

(R² = 0.96)
Acetic:propionic 
acid ratio 4.24 3.99 4.11 3.51 6.96 Ŷ = 4.4609 – 0.3842x + 0.0620x2 – 0.0028x3

(R² = 0.96)
Short-chain fatty 
acids (mM) 91.68 94.92 87.26 76.14 87.5 Ŷ = 79.2481 + 8.8854x – 0.8665x2

(R² = 0.81)
CV - coefficient of variation; x - time (0, 2, 4, 6, 8, 10, and 12 hours); R²- coefficient of determination.
Averages followed by the same letter in the rows do not differ by Tukey’s test (P>0.05).
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Figure 2 - Rumen acetic acid concentration as a function of time (h).
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Figure 3 - Rumen butyric acid concentration as a function of time (h).
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Figure 4 - Rumen propionic acid concentration as a function of time (h).
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respectively, were attained approximately 4 h, and minimum concentrations of 6.15 and 12.79 mM, 
respectively, approximately 11 h after feeding.

Acetic:propionic acid ratio (Figure 5) showed a cubic response to sampling time, with very close 
minimum (3.73 mM) and maximum (4.01 mM) values at the 4.5 and 10 h, respectively.

4. Discussion

Changes in DM intake may be a consequence of the lipid source used, whether mono- or polyunsaturated 
(Benson et al., 2001). Canola oil, one of the lipid sources used in this study, is mostly composed of oleic 
acid (Table 2), which, despite being a long-chain fatty acid, is monounsaturated and thus less toxic to 
rumen microorganisms. Sunflower and soybean oils are mostly composed of linoleic acid (Table 2), 
which is polyunsaturated, suggesting that the lack of effects on DM intake is related to the use of an 
insufficient level of EE to promote significant differences in this parameter, and not to the type of oil or 
level of unsaturation.

Average daily weight gain was possibly not influenced due to the similar DM intakes among the treatment 
groups and the very similar TDN levels of the diets (average of 803 g/kg for the supplement with oil 
inclusion vs. 773 g/kg for control supplement) (Table 1), which met the maintenance requirements of 
the animals homogeneously.

Ruminal ammonia originates from the degradation of amino acids and non-protein nitrogen in the diet 
and is indispensable for the development of rumen microflora (Russel et al., 1992). For all treatment 
groups, the N-NH3 level was above 5 mg/dL, which is the minimum level necessary to maintain normal 
rumen functions and not limit microbial growth (Satter and Slyter, 1974).

The high N-NH3 value observed in this experiment may be related to the use of animals under 
maintenance, as the protein content of the diet was established to meet the requirements of lactating 
animals. Thus, according to Santos and Pedroso (2011), when the rate of ruminal degradation of protein 
exceeds the use of nitrogenous compounds for microbial synthesis, the excess ammonia produced is 
absorbed through the rumen wall and eliminated via urine or, according to Van Soest (1994), it can be 
recycled into the rumen via saliva, maintaining the values high.

Other researchers have reported a reduction in N-NH3 values following lipid supplementation (Lin et al., 
1995; Silva et al., 2007; Shingfield et al., 2008), which, according to Tesfa et al. (1992), is due to the 
decreased protozoal population in the rumen environment caused by the addition of unsaturated 
oils. However, the data for this parameter are still contradictory, since other studies show that lipid 

Figure 5 - Acetic:propionic acid ratio as a function of time (h).
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supplementation commonly results in no variation for the rumen ammonia concentration (Doreau and 
Ferlay, 1995; Szumacher-Strabel et al., 2004), as was observed in the present study.

Unsaturated fatty acids are known to change the rumen metabolism (Gómez-Cortés et al., 2008) by 
their toxic effect on microorganisms or by coating the fibers, thereby reducing their fermentation 
(Palmquist and Mattos, 2011), which may have an effect on pH. Although canola and sunflower oils are 
rich in unsaturated fatty acids, like soybean oil, no effect of these two lipid sources was observed on  
the rumen pH in the present study.

The increased pH in the treatment with soybean oil compared with control diet can be attributed to feed 
intake, which, though not significant, tended to be lower in the former treatment, leading to a slight decrease 
in rumen fermentation. Another possible explanation is the presence of corn in control diet (Table 1), 
which provides a greater supply of fermentable carbohydrates and promotes pH decline, since there was 
an upward trend for pH in the groups fed diets with canola and sunflower oils (which do not have corn  
in their composition), despite the similar mean pH values between these treatments and control diet.

According to Toral et al. (2009), polyunsaturated fatty acids in the diet alter ruminal fermentation and 
induce a reduction in the total SCFA due to the inhibition of microbial activity. Nonetheless, studies 
such as those conducted by de Fievez et al. (2003) and Shingfield et al. (2008) describe no effect for  
this parameter following lipid supplementation, which makes research results still contradictory.

A restricted number of studies have examined the effect of lipid supplementation on the rumen 
metabolism of goats, and the few existing ones, such as those developed by Maia et al. (2006) and 
Silva et al. (2007), did not evaluate the rumen SCFA concentrations.

Shingfield et al. (2008) examined the dietary inclusion of sunflower oil on the rumen metabolism 
of lactating cows and observed changes in rumen fermentation only at the highest inclusion level, 
750 g/day (vs. 0, 250, and 500 g/day). These authors suggest that, in addition to the basal composition 
of the diet, the supplementary amount of lipid is also important for determining changes in rumen 
fermentation patterns. It is thus inferred that the vegetable oil level of 30 g/kg of diet DM used in the 
present study was not sufficient to induce changes in the N-NH3 or SCFA concentrations in goats.

5. Conclusions

Lipid supplementation in goat diets through the addition of canola, sunflower, or soybean oils at 
the level of 30 g/kg (diet dry matter) does not influence dry matter intake or the concentrations of 
ammoniacal nitrogen or short-chain fatty acids. Therefore, this strategy can be applied to increase the 
energy density of animal feed without compromising the rumen metabolism.
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