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CAPÍTULO 8

IN VITRO FERMENTATION AND GAS 
PRODUCTION OF OILSEED PRESS CAKE FROM 

SUBSTITUTING ELEPHANT GRASS IN BIODIESEL PRODUCTION 

Raissa Kiara Oliveira de Morais
Universidade Federal de Campina Grande, 

Departamento de Medicina Veterinária 
Patos, Paraíba

Aderbal Marcos de Azevedo Silva
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ABSTRACT: The objective of this study was to evaluate 
in vitro ruminal fermentation, the production of 
volatile fatty acids (VFAs), methane (CH4) and 
carbon dioxide (CO2) and pH values   and ammonia 
(N-NH3) from different byproducts generated in the 
production chain biodiesel through the use of an 
in vitro semiautomatic gas production technique 
using a statistical design with four treatments 

and five replications. The treatments consisted of 
substituting elephant grass in increasing levels, 
0%, 30%, 50% and 70%, with the byproducts of 
Gossyypium hirsutum, Ricinus communis, Moringa 
oleifeira, Jatropha curcas and Helianthus annus. 
The Helianthus annus byproducts had the highest 
production of acetate and butyrate, and therefore 
higher production of CO2 and CH4. The Moringa 
oleifeira byproducts had the highest production of 
propionate and lower production of greenhouse 
gases. Cotton and sunflower byproducts have 
greater bioavailability of fat for animal production, 
but they are major producers of greenhouse 
gases. The moringa byproduct is the most suitable 
for replacing elephant grass and may contribute to 
the reduction of greenhouse gas emissions, and it 
can be used to level 70%.
KEYWORDS: acetate, propionate, CH4, CO2, NH3

RESUMO: O objetivo deste estudo foi avaliar a 
fermentação do rúmen in vitro, a produção de 
ácidos gordos voláteis (AGVs), metano (CH4) e 
dióxido de carbono (CO2) e os valores de pH 
e nitrogênio amoniacal (N-NH3) de diferentes 
subprodutos gerados na cadeia da produção 
biodiesel através do uso de uma técnica in vitro 
semi-automática de produção de gás usando 
um delineamento estatístico, com quatro 
tratamentos e cinco repetições. Os tratamentos 
consistiram de substituição de capim-elefante 
em níveis crescentes, 0%, 30%, 50% e 70%, com 
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os subprodutos de Gossyypium hirsutum, Ricinus communis, Moringa oleifeira, Jatropha 
curcas e Helianthus annus. O subproduto do Helianthus annus teve a mais alta produção de 
acetato e butirato, e, consequentemente, uma maior produção de CO2 e CH4. O subproduto 
da moringa oleifeira teve a maior produção de propionato e menor produção de gases de 
efeito estufa. Os subprodutos do algodão e do girassol têm maior biodisponibilidade de 
gordura para o desempenho do animal, mas eles são grandes produtores de gases de 
efeito estufa. O subproduto da moringa é o mais adequado para a substituição de capim-
elefante e pode contribuir para a redução das emissões de gases com efeito de estufa, 
podendo ser utilizado até o nível de 70%.
PALAVRAS-CHAVE: acetato, propionato, CH4, CO2, NH3

1 | INTRODUCTION

Ruminant feeds are based on tropical grasses due to the animal’s ability to ingest 
and digest foods rich in fiber, and therefore to achieve high efficiency for animal production 
needs and to maximise the utilisation of the energy supplied by the forage. However, some 
biological indices from ruminant feeds are below their productive potential. In addition, 
ruminants throughout the world are major sources of discussion and continue to be cited 
as the main producers of greenhouse gas (GHG) emissions due to enteric fermentation di-
gestive processes. Ruminants produce mainly CH4 and CO2, and the accumulation of these 
gases is considered the main cause of global warming (CHIZZOTTI et al. 2008; MOREIRA et 
al., 2014). 

Brazil has been performing more research to assess the nutritional value of forage 
and find alternative foods that allow improvement of management strategies. This resear-
ch is important because Brazil has the largest commercial cattle herd in the world and is 
currently the target of criticism due to deforestation to expand pastures and low production 
indices recorded in cattle farming systems that have degraded pastures or are below their 
production potential. As a result, these farming systems generate greater amounts of GHG 
per pound of meat and milk produced (GOEL; MAKKAR, 2012; HRISTOV et al., 2013). Ad-
justments to the ruminant feed may allow higher production performance of animals and at 
the same time reduce the byproducts for the environment because the production of these 
gases can vary depending on the diet of the implanted production activity. One of the rese-
arched strategies is the use of byproducts from biodiesel production because most pies or 
sharp oilseeds that are being used for biodiesel production are suitable for use in animal 
nutrition (OLIVARES-PALMA et al., 2013), but each has its own characteristics with regard 
to digestibility, and some possess antinutritional factors. Therefore, we aimed to quantify 
the production of CH4 and CO2, and evaluate the fermentation indices of byproducts of bio-
diesel production.
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2 | MATERIALS AND METHODS

This research was conducted at the Experimental Station of Coronel Pacheco, Minas 
Gerais State (owned by Embrapa Gado de Leite – CNPGL), located in the Mata of Minas 
Gerais State, Brazil.

2.1. Feeds and Substrates 

In this experiment, the following feeds were used: cotton cake (Gossyypium hirsutum), 
castor beans (Ricinus communis), moringa (Moringa oleifeira), jatropha (Jatropha curcas) 
and sunflower cake (Helianthus annus). The control was elephant grass (Pennisetum pur-
pureum) from the experimental field of Embrapa in Coronel Pacheco in Minas Gerais State.

At the start of the analysis, the samples were thawed, pre-dried using forced venti-
lation at 55°C for 72 h, ground in a Wiley mill equipped with a 5 mm sieve, packaged in 
plastic bags, identified and sent for laboratory analysis at Embrapa Dairy Cattle, Juiz de 
Fora, MG.

In the laboratory, the samples belonging to each fodder were mixed with glycerin and 
homogenised to form a single sample. From this sample, a portion (100 g) was used for 
chemical analysis, and the remainder of the material was used to formulate the test diets. 
Each diet was formulated to evaluate various levels of glycerin in the diet, with ratios of 
100/0, 70/30, 50/50 and 30/70 (roughage/byproducts).

2.2. Chemical analyses

The substrates consisting of forage materials and each byproduct were pre-dried in 
forced air ovens at 60°C for 48 h and then ground in a Willey mill equipped with a 1.0 mm 
sieve to measure dry matter (DM) at 105°C. Amount of crude protein (CP) was determined 
using the Kjeldahl method. Levels of neutral detergent fiber (NDF) and acid detergent fiber 
(ADF) were determined using a method described by Van Soest (1991). Ether extraction 
(EE) was performed according to the general procedures described by Silva and Queiroz 
(2002). The total carbohydrates (TC) were obtained through the equation 100 - (% CP +% EE 
+% ash) described by Sniffen et al. (1992). The sample of glycerin was subjected to chemi-
cal analysis for measurement of glycerol, water, ash, oil, methanol, sodium (Na), phospho-
rus (P) and calcium (Ca).

2.3. In vitro digestibility 

The assay for in vitro digestibility of dry matter (DDM) was performed according to the 
methodology of Tilley and Terry (1963). Three fistulated steers were used for this in vitro 
test. The ruminal contents were collected in the morning, transferred to preheated thermo-
-flasks (39ºC) and transported immediately to the laboratory. In the laboratory, the rumen 
fluid was filtered using a fine sieve. Mineral buffer solution was later added to the rumen 
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fluid in a water bath maintained at 39ºC with continuous CO2 injection. The samples were 
held in an incubator, in a state of rotation, for 72 h. Peptides were added to the incubators 
within 48 h to act as an intermediate compound for the action of the microorganisms.

2.4. In vitro incubations 

Substrates: The substrate used for in vitro incubations was glycerin, which was used 
to replace the byproduct fodder in ratios of 100/0, 70/30, 50/50 and 30/70 (roughage/
byproducts). The feed ingredients were dried at 55ºC for 24 h and then ground to pass a 1 
mm screen. The in vitro incubation was conducted according to the methods reported by 
Meale et al. (2012). The entire incubation procedure was repeated twice, which means two 
incubation runs x three replicates per treatment, resulting in a total of six replicate vials per 
treatment. 

Inoculum: The inoculum for the in vitro incubation was obtained from the three rumi-
nally fistulated cows grazing on beard grass supplemented with 2 kg of concentrate (22 g/
kg CP and 12.6 g/kg NDF in DM). Rumen fluid was collected 2 h before morning milking 
from 4 distinct sites in the rumen, filtered through 4 layers of cheesecloth, combined in 
equal portions from each animal and immediately transported in a pre-warmed Thermos® 
flask to the laboratory. Inocula were prepared by mixing rumen fluid and a mineral buffer 
with 0.5 mL of cysteine sulphide solution (Vitti et al., 1999) in a ratio of 1:5. Inoculum (30 
mL) was then transferred into pre-loaded, pre-warmed (39ºC) vials under a stream of O2-
free N gas. The vials were sealed and placed on an orbital shaker rack set at 120 oscilla-
tions per min in an incubator set at 39ºC. 

Determination of total gas, methane concentration and in vitro dry matter disappe-
arance (IVDMD): The net gas production of each vial was measured at 6, 12, 24 and 48 
h of incubation with a water displacement apparatus (Fedorak and Hrudey, 1983). At 6 h 
and 12 h prior to gas measurement, the headspace gas was sampled from each vial with 
a 20 ml syringe and immediately transferred into a 5.9 mL evacuated Exetainer® (Lab-
co Ltd., High Wycombe, Buckinghamshire, UK), which was analysed to determine the CH4 
concentration using gas chromatography. Methane was expressed as mg of CH4/g of DM 
disappeared, and total net gas production was expressed as ml/g of incubated DM. After 
the gas was sampled for CH4 and total gas production was measured at 48 h of incubation, 
the fermentation vials were opened, and the pH of the culture was measured using a pH 
meter (Orion Model 260A, Fisher Scientific, Toronto, ON, Canada). The ANKOM® bags with 
the residues were then removed from the bottles, rinsed thoroughly with distilled water and 
dried at 55ºC for 48 h to a constant weight to estimate IVDMD. 

Determination of N-NH3 and VFA: A subsample (1.6 mL) of the culture media from 
each vial was transferred to a 2 ml micro-centrifuge tube and centrifuged at 14,000 x g 
for 10 min at 4ºC (Spectrafuse 16M, National Labnet Co., Edison, NJ, USA) to precipitate 
particulate matter and protein. The supernatant was transferred into 2 mL micro-centri-
fuge tubes and analysed for ammonia-N. In addition, a subsample (1.5 mL) of each vial 
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was collected, acidified with 300 µl of metaphosphoric acid (0.25; w/v) and centrifuged as 
previously described for the ammonia-N analysis. The supernatant was frozen at -20ºC until 
analysis for VFA concentrations. The 0 h samples were also analysed for ammonia-N and 
VFA to calculate net ammonia-N and net total VFA production (HOLTSHAUSEN et al., 2009).

2.5. Statistical analyses

The experimental design used to evaluate the cumulative gas production and degra-
dability of dry matter was completely randomised in a 4 x 4 factorial arrangement (bypro-
ducts and substitution levels). 

The total gas production and degradability of DM were subjected to an analysis of va-
riance (ANOVA). Interaction effects were assessed using Tukey’s test (P<0.05) between the 
byproducts within each level of substitution and levels substitution within each byproduct. 
The results of increasing levels were interpreted through regression models using Proc Reg 
in SAS (2003).

3 | RESULTS

According to the results shown in Table 1, it appears that the byproducts are suitable 
for use in ruminant feed. We noticed that the moringa byproducts had higher protein con-
centration, the best IVDMD and low levels of fiber (NDF, ADF and ADL).

Table 1: Chemical composition (g kg-1) of elephant grass (Pennisetum purpureum) 
and byproducts resulting from the industrialisation of biodiesel.

Ingredient DM CP NDF ADF ADL EE ASH TC NFC IVDMD
Elephant 

grass 882.3 126.1 555.0 351.1 144.4 14.2 25.4 834.3 279.3 591.4

Cotton 929.1 549.9 303.6 207.7 32.1 40.3 68.3 341.5 37.9 595.6

Moringa 901.2 577.6 202.7 80.5 10.3 84.8 49.8 287.8 85.1 791.3

Jatropha 920.7 356.9 391.4 334.5 43.4 110.6 79.5 453.0 61.6 571.3

Sunflower 914.5 329.4 439.7 384.0 120.4 162.0 41.3 467.3 27.6 463.1
Castor 912.6 420.2 423.3 383.4 154.4 43.8 42.3 493.6 70.3 497.1

Abbreviations: DM, Dry Matter; CP, Crude Protein; NDF and ADF, Neutral and Acid Detergent Fiber; 
ADL, Acid Detergent Lignin; EE, Ether Extract; ASH, Ashes; IVDMD, In Vitro Dry Matter Degradability; 

TC, Total Carbohydrates; NFC, Non Fiber Carbohydrates.

Among the byproducts analysed, the jatropha and sunflower had the lowest crude 
protein values   (356.9 and 329.4 g kg-1, respectively). The highest levels of NDF (423.3 
and 439.7 g kg-1) and higher values   of ADF (383.4 and 384.0 g kg-1) and lignin (154.4 and 
120.4 g kg-1, respectively) were found in the byproducts of castor and sunflower. The lowest 
values   of NDF were found in the moringa and cotton byproducts (202.7 and 303.6 g kg-1, 
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respectively). 
It was observed a dependent interaction between the effect of some byproducts and 

replacement levels of elephant grass when analysing the production of volatile fatty acids   
(Table 2). 

Table 2: Mean values, probability (P-value) and regression equations illustrating the 
effects of substituting elephant grass for byproducts resulting from the industrialisation 

of biodiesel on the production of volatile fatty acids (VFAs).

Byproducts
Levels of substitution Regression Equa-

tions R2 P
0% 30% 50% 70%

Production of Acetate (µmol mL-1)

Cotton 26.51 32.92 A 30.01A 30.33A Y= 
26.84+0.24x-0.002x² 0.56 0.02

Castor 26.51 29.06 A 29.04A 27.87AB Y= 27.33 0.05 0.48

Moringa 26.51 25.98B 26.65B 26.25B Y=26.39 0.0001 0.97

Jatropha 26.51 31.03 A 26.76AB 26.65B Y= 28.11 0.007 0.78

Sunflower 26.51 30.47 A 34.32A 30.16A Y= 26.18+0.28-0.003x² 0.57 0.03

Production of Propionate (µmol mL-1)

Cotton 11.76 13.34A 11.94AB 11.76AB Y= 12.34-0.003x 0.39 0.03

Castor 11.76 11.76A 10.53B 9.81B Y= 12.07-0.02x 0.37 0.03

Moringa 11.76 12.55A 14.26A 15.57A Y= 11.44+0.05X 0.33 0.04

Jatropha 11.76 12.74A 10.73AB 10.94AB Y= 12.20 0.08 0.36

Sunflower 11.76 13.33A 15.51A 14.41A Y= 12.05+0.04x 0.53 0.0069

Production of Butyrate (µmol mL-1)

Cotton 3.34 5.06A 4.73 A 4.52A Y=3.39+0.074x-
0.008x² 0.86 0.0003

Castor 3.34 3.85AB 3.75AB 3.68AB Y= 3.48 0.11 0.29

Moringa 3.34 3.13B 3.60AB 3.26B Y=3.30 0.004 0.84

Jatropha 3.34 4.25AB 3.40B 3.18B Y= 3.70-0.003x 0.46 0.02

Sunflower 3.34 4.46AB 4.74 A 4.05AB Y= 
3.32+0.06x-0.0007x² 0.75 0.022

Acetate: propionate ratio
Cotton 2.25 2.46 2.51 2.57 Y = 0.101x + 2.195 0.878 <0.001
Castor 2.25 2.47 2.75 2.84 y = 0.205x + 2.065 0.966 <0.001

Moringa 2.25 2.07 1.86 1.68 y = -0.192x + 2.445 0.999 <0.001
Jatropha 2.25 2.43 2.49 2.44 y = 0.063x + 2.245 0.6 0.238

Sunflower 2.25 2.28 2.21 2.08 y = -0.058x + 2.35 0.721 <0.001

*Means in the same column with different letters differ statistically by Tukey’s test at 5% probability.

It was observed that among the levels of substitution, the sunflower byproduct had 
higher production of acetic acid (p<0.05) at the 50% level of substitution (34.32 mmol 
mL-1). This result did not differ from the cotton byproduct (p>0.05), which at the 30% level 
of replacement created 32.92 mmol mL-1 of acetic acid. The byproduct of moringa had the 
lowest production of VFA (p>0.05), especially at the 70% level. It produced only 26.25 mmol 
mL-1 VFA, which did not differ from the byproducts of castor or jatropha. 
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The regression analysis for acetate production demonstrated that the byproducts of 
cotton and sunflower seeds, which produced the highest volumes, are represented by a 
quadratic model. The optimal level of production for the cotton byproduct was found at the 
60% level, and the optimal level for the sunflower byproduct was 46.66% and was obtained 
with a lowest point in the production volume of 32.71 mmol mL-1. 

The results shown for propionate production had a positive linear relationship for the 
byproducts of mamoma, moringa and sunflower. The cotton and castor bean byproducts 
had a negative linear effect, in that as the replacement ratio increased, there was a reduc-
tion in the production of propionate of 0.003% and 0.02%, respectively. The linear effect of 
the byproducts of the jug and the sunflower was positive, such that the amount of propiona-
te increased with increasing replacement ratios by 0.05 and 0.04%, respectively. Analysing 
the means of gas production, we noted that the highest production (p<0.05) was present 
in the byproduct of moringa (15.57 mmol mL-1), and the lowest was (p<0.05) by the bypro-
duct of castor (9.81 mmol mL-1), both at 70% replacement. Moreover, as the replacement 
increased from 30 to 70%, the cotton, castor, and jatropha byproducts decreased, which 
was the opposite of what happened with moringa and sunflower byproducts that increased 
with increasing replacement ratios.

The average production of butyrate showed dependence between byproducts and re-
placement levels. The cotton byproduct produced the largest volume (p<0.05, 5.06 mmol 
mL-1) at the 30% level. The jug byproduct produced the lowest volume (3.13 mmol mL-1) at 
the 30% level. The regression analyses demonstrated that byproducts of moringa and cas-
tor showed no expressive behaviours. However, the byproducts of cotton and sunflower had 
a quadratic relationship, with the 43.75% level producing the maximum amount of butyrate 
for the cotton byproduct, and the 42.85% level producing the lowest amount for sunflower. A 
negative linear effect was observed for the jatropha byproduct, decreasing 0.003% for each 
increase in replacement unit. 

It was noted in this study that there was an interaction between substitution levels 
and byproducts in predicting pH, but only for the sunflower after a 48 hour time interval 
(Table 3). 

Table 3: Mean values, probability (P-value) and regression equations illustrating the pH 
from substituting elephant grass with byproducts resulting from the industrialisation of 

biodiesel.

Byproducts
Levels of substitution 

Regression Equations R2 P
0% 30% 50% 70%

Cotton 6.65 6.62A 6.63AB 6.68A Y= 6.63 0.009 0.65
Castor 6.65 6.64A 6.69A 6.72A Y=6.64+0.001x 0.20 0.02

Moringa 6.65 6.61A 6.66AB 6.66A Y= 6.64 0.01 0.06
Jatropha 6.65 6.53A 6.57AB 6.57A Y= 6.62 0.01 0.06
Sunflower 6.65 6.44B 6.39C 6.47B Y=6.67-0.01x+0.0001x² 0.81 <0.001

*Means in the same column with different letters differ statistically by Tukey’s test at 5% probability.
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Analysing the byproducts within the levels of substitution of elephant grass we note 
that, at all levels of substitution, the byproducts, except sunflower, have higher pH. The 
sunflower byproduct had lower pH levels (p<0.05) at all levels of substitution, in a quadratic 
relationship. The maximum pH (pH = 7.42) was obtained at the 50% replacement level. 

The results for the production of greenhouse gases (CO2 and CH4) are shown in Table 
3. Analysing the volume of production of these gases, there is a dependent interaction be-
tween the effect of the byproducts and the replacement level (Table 4). 

Table 4: Mean values, probability (P-value) and regression equations illustrating the effects 
of substituting elephant grass for byproducts resulting from the industrialisation of biodiesel 

on production of CH4 (mL g-1), CO2 (mL g-1) and N-NH3 (mL g-1).

Byproducts
Levels of substitution 

Regression Equations R2 P
0% 30% 50% 70%

Carbon Dioxide (CO2; mL g-1)
Cotton 10.45 47.23B 41.19B 37.39B Y= 47.72 0.005 0.73
Castor 10.45 34.82A 26.78B 19.04C Y= 14.21+0.99x-0.01x² 0.65 <0.001

Moringa 10.45 28.72A 28.67B 22.44C Y= 10.59+0.89x-0.10x² 0.88 <0.001
Jatropha 10.45 26.30B 22.06C 19.26D Y= 10.95+0.69x-0.008x² 0.77 <0.001

Sunflower 10.45 76.44A 72.66A 61.38A Y=12.19+2.95x-0.03x² 0.87 <0.001
Methane production (CH4; mL g-1)

Cotton 0.86 6.49B 6.99B 7.81A Y= 3.61+0.06x 0.59 <0.001
Castor 0.86 5.86B 4.68BC 4.06B Y= 3.06 0.12 0.09

Moringa 0.86 4.15BC 2.67C 2.11C Y= 1.005+0.13x-0.001x² 0.69 <0.001
Jatropha 0.86 5.17BC 4.05C 4.15B Y= 1.91+0.014x 0.81 <0.001

Sunflower 0.86 12.06A 10.64A 9.99A Y= 4.168+0.11x 0.49   0.001

Ammonia Nitrogen (N-NH3; mL g-1)

Cotton 21.46 33.60A 38.26AB 44.33A Y= 22.33+0.32x 0.94 <0.001

Castor 21.46 29.16B 34.76AB 31.96AB Y= 
21.14+0.42x-0.003x² 0.76 0.042

Moringa 21.46 36.40A 41.76A 37.33AB Y= 
21.24+0.76x-0.007x² 0.96 <0.001

Jatropha 21.46 28.70B 26.60B 28.00B Y=23.07 0.27 0.07

Sunflower 21.46 32.90A 37.10AB 44.80A Y=21.89+0.32x 0.96 <0.001

*Means in the same column with different letters differ statistically by Tukey’s test at 5% probability.

Analysing the means of production of carbon dioxide (CO2) within each byproduct, 
we noted that the highest production occurred with the sunflower byproduct, which ranged 
from 76.44 to 61.38 ml g DM-1 for each of the replacement levels. The lowest rates of pro-
duction were observed in the jatropha, moringa and caster byproducts at all replacement 
levels. However, when analysing each substitution level individually, we noted that the 30% 
and 50% levels had the highest and lowest production with the sunflower byproduct (76.44 
and 72.66 ml g DM-1) and jatropha byproduct (26.30 and 22.6 ml g DM-1). At the 70% level 
of substitution, the lowest production was obtained from the castor byproduct (19:04 ml g 
DM-1), and the higher production volume was obtained from the sunflower byproduct (61.38 
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ml g DM-1). 
The highest average production of methane gas (CH4) was obtained by the sunflower 

byproduct at all replacement levels, and the lowest production was obtained by the moringa 
byproduct. We noted that the highest level of production from sunflower byproduct was at 
the 30% replacement level, and the lowest production from the moringa byproduct was at 
the 70% level. The representative equations for carbon dioxide production for the bypro-
ducts of castor, moringa, jatropha and sunflower were quadratic. The 49.5% replacement 
level produced the maximum amount of CO2 for the castor oil byproduct (38.71 ml g DM-1). 
The lowest production of CO 2 was observed in the moringa byproduct when replaced at 
4.45% (12.57 ml g DM-1), and the maximum production of CO2 with the sunflower byproduct 
was at a replacement level of 49.16% (production of 84.71 ml g DM-1). As for the jatropha 
byproduct, maximum production of CO2 was obtained at the 43.2% replacement level. 

Analysing the effect of the byproducts on the production of methane, we noted that 
the regression equations had different relationships for each of the byproducts. The morin-
ga byproduct had a quadratic relationship and the lowest production of CH4 at the 8.12% 
level of substitution. The byproducts of cotton, jatropha and sunflower had positive linear 
effects on CH4 production. As the inclusion of byproducts increased, by percentage units, 
production of CH4 increased 0.06%, 0.11% and 0.014%, respectively. 

An interaction effect between the levels of substitution of elephant grass by the bypro-
ducts of biodiesel was observed for the production of ammonia. Analysing the byproducts 
at each replacement level, the cotton, moringa and sunflower byproducts were the highest 
producers of N--NH3, whereas the lowest production was recorded for the jatropha bypro-
duct (p<0.05). 

The byproducts of cotton and sunflower were affected (p<0.05) by the substitution 
levels in a linear manner with each increase in replacement level corresponding to an incre-
ase of 0.32 ml g DM-1 in the production of N-NH3. However, the byproducts of castor oil and 
moringa showed a quadratic response in relation to the production of N-NH3 by the levels of 
replacement of the elephant grass. The maximum production of N-NH3 was at the 54.28% 
level (41 ml g DM-1) for the moringa byproduct. The intersection point was obtained at the 
54% replacement level. 

4 | DISCUSSION

The nutritional value of byproducts from biodiesel production presented here qualifies 
them as alternative ingredients for balanced diets fed to ruminants. They have potential for 
production and are purchased at reduced costs, which could reduce the expense for far-
mers with commercial concentrates (SOUZA et al., 2009). 

Nevertheless, a major negative in their use in the diet is the presence of high levels of 
lignin and fat, which most likely negatively influence the degradation of fiber and non-fiber 
elements (MIZUBUTI et al., 2011; OLIVEIRA et al. 2013). The process of fermentation that 
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occurs during the metabolism of carbohydrates ingested by ruminants is affected by rumen 
microorganisms that convert carbohydrates into VFAs (acetic, propionic and butyric acids) 
as well as other products like CH4 and CO2 (BERCHIELLI et al., 2006). The production of the-
se acids are considered the main source of energy for ruminants (GETACHEW et al., 2004). 

Diets with a high proportion of structural carbohydrates favour the production of ace-
tate and butyrate (LIN et al., 2013). The results obtained in this study confirm that the 
sunflower byproduct used had both high levels of composite fiber and the highest acetate 
production. However, the results also showed low production of acetate by the mamoma 
byproduct, which could indicate that low acetate production most likely results from lower 
cellulose content and, as noted in Table 1, the high lignin content of this byproduct tends to 
increase the indigestible portion and reduce the digestible portion. Moreover, the presence 
of antinutritional compounds, such as the protein ricin, which is highly toxic, may have a 
negative influence on the degradability of the feed, as shown in   data obtained by Wood et 
al. (2011).  

The high production of acetate by the cotton byproduct conforms to findings discus-
sed in Horner et al. (1988) who reported that diets containing cottonseed increased ace-
tate production from 15 to 30%. Therefore, it can be said that the sunflower and cotton 
byproducts can be considered, among the byproducts examined, to provide enhanced fat 
synthesis in animal production because acetic acid is the precursor of milk fat and meat fat. 

Studies have shown that decreases in the production of butyrate have been related 
to high percentages of soluble carbohydrates and the use of oil sources in the cattle’s diet, 
indicated by a decrease in the number or activity of certain microorganisms because of the 
toxic effect of lipids (PATRA; YU 2012; HRISTOV et al., 2013). This effect can be observed in 
this work because the byproducts had decreased production of butyrate at increasing levels 
of substitution, especially the jatropha byproduct at the 70% substitution level, which resul-
ted in lower rates of butyrate production precisely because high amounts of carbohydrates 
and lipids were present in the chemical composition (Table 1). Furthermore, the antinutri-
tional compounds can negatively influence production. 

Due to rapidly fermentable carbohydrates, the moringa byproduct had the highest 
concentration of propionate, which decreased the acetate: propionate ratio (A: P), as shown 
in Table 2. This is because the synthesis of propionate is a good indication of the potential 
of moringa byproducts in the diets of dairy cows because the high rate of production of VFA 
promotes increased availability of energy, which would likely result in higher milk produc-
tion, as found by Melesse et al. (2013).

Corroborating the results presented by Olivares-Palma et al. (2011), the castor oil 
byproduct resulted in higher levels A: P ratios. This was because the greater the amount 
of fibrous compounds, the higher the ratio, and it can be observed that the production of 
propionate is related to high quality of organic matter (RELLING et al., 2001). 

The pH values   arising from the substitution of the elephant grass byproducts are in 
agreement with the values   reported by Van Soest (1994), which were 6.7 ± 0.5 and indica-
tes that these substitutions can make a suitable environment for the microbial activity that 
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typically occurs. In the analysis of CO2 production (Table 4), the sunflower byproduct produ-
ced high levels of CO2 because it also produced high amounts of acetate, which is logical 
because acetate production yields two moles of CO2 per mole of glucose (KOZLOSKI, 2009). 
On the other hand, the low volume of CO2 production provided by the moringa byproduct 
through to the 70% level can be explained by two hypotheses: first, that the synthesis of 
propionate is the process that requires the presence of hydrogen and generates no carbon 
dioxide (QUARRY et al. 2005;. VELASQUEZ et al. 2010), or second, that the low volume is 
due to the high protein value of the moringa byproduct (577.0 g kg-1). According to Khazaal 
et al. (1995), incubation of protein rich substrates resulted in the formation of bicarbonate 
of ammonium, from CO2 and ammonia, thereby reducing the contribution of CO2 to the total 
gas production. 

The content of non-fiber carbohydrates and concentration of NDF and ADF can cha-
racterise the quality of a food and are usually related to a lower proportion of dietary energy 
that is converted to methane (EUN et al., 2004). In vitro studies have shown an increase 
in CH4 production with an increase in NDF content (Getachew et al., 2005; Rivera et al., 
2010). Therefore, in this study, the substitution of the moringa byproduct to a 50% level 
resulted in a smaller amount of methane, the same acetate: propionate ratio and resulted 
in less wasted energy in the form of CH4. 

The production of CH4 by the sunflower and cotton byproducts (Table 4) was directly 
related to the production of acetate and butyrate. This production occurred because the H2 
released by excess production of these VFAs is harnessed by methanogenic bacteria (TE-
DESCHI et al. 2003). Similar results were also found by Franco et al. (2013), who found that 
higher values   of methane production per gram of DM degraded diets produced the best 
nutritional values, assessed by in vitro semi-automatic gas production. 

The rumen microorganisms catabolise proteins and produce ammonia in the rumen, 
particularly as an energy source for microbial synthesis (MOHAMMED et al., 2004). It is 
known that the optimal level of ruminal ammonia is approximately 10 mg dL-1 (VAN SOEST, 
1994). The results obtained in this study were greater than 28 mg dL-1 for all byproducts, 
which is above recommended levels. At this level, excess nitrogen is absorbed into the 
bloodstream and liver and is metabolised for excretion as urea, which requires on average 
2 ATPs for each molecule of ammonia, thus losing energy for the animal. 

5 | CONCLUSION

Cotton and sunflower byproducts have greater bioavailability of fat for animal produc-
tion, but they are major producers of greenhouse gases. The moringa byproduct is the most 
suitable for replacing elephant grass and may contribute to the reduction of greenhouse 
gas emissions. The main limiting factor for the use of these byproducts is the production of 
ammonia.
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