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The aims of this study were to determine the chemical composition of canola meal and estimation of 
the effects of two doses (0 and 0.15 ml / 200 mg canola meal samples) of Thymus vulgar extract on 
canola meal degradability by in vitro gas producing techniques. Fermentation of canola meal samples 
were carried out with rumen fluid obtained from three mature canulated steers. The amount of gas 
production for canola meal at 2, 4, 6, 8, 12, 24, 48, 72 and 96 h were measured. The results show that the 
crude protein, ether extract and crude ash were 35, 3.4 and 7.14%, respectively. Calculated amounts of 
in vitro dry matter digestibility (IVDMD), organic matter digestibility (OMD), metabolizable energy (ME), 
short chain fatty acid (SCFA) and net energy for lactation (NEl) contents of thymus vulgar extract (0.15 
ml / 200 mg canola meal samples) were 54.329%, 58.13 g/kg DM, 6.50 MJ/kg DM, 0.6708 mmol and 3.33 
MJ/kg DM, respectively. 
 
Key words: In vitro dry matter digestibility, canola meal, thymus vulgar extract, gas production technique, 
organic matter digestibility, metabolizable energy.  

 
 
INTRODUCTION 
 
The public concern over the routine use of antibiotics and 
growth promoters in livestock production has increased 
recently because of the risk of the antibiotic residues 
present in milk and meat and its effect on human health 
(Sallam et al., 2009). These led to its prohibition in the 
European Union in 2006 in animal feeding. Accordingly, 
there is great interest in using plants and plant extracts 
as alternatives to feed antibiotics to manipulate ruminal 
fermentation, improve feed efficiency and animal 
productivity. Many plants produce secondary metabolites 
such  as  essential  oils  (Calsamiglia  et  al., 2006, 2007;  
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Abbreviations: IVDMD, In vitro dry matter digestibility; OMD, 
organic matter digestibility; ME, metabolizable energy; SCFA, 
short chain fatty acid; CP, crude protein; NEl, net energy for 
lactation; EE, ether extract; CA, crude ash. 

Sallam et al., 2009).  In vitro gas production technique is 
cost effective, easy to determine and suitable for use in 
developing countries. This method can also predict   feed 
intake (Khazaal et al., 1995; Mirzaei-Aghsaghali et al., 
2011a), digestibility, microbial nitrogen supply, amount of 
short chain fatty acids, carbon dioxides and 
metabolizable energy of feeds for ruminants (Menke and 
Steingass, 1988; Babayemi, 2007; Mirzaei-Aghsaghali et 
al., 2008b, 2008a; Maheri-Sis et al., 2008, 2007). The 
objectives of this experiment were to estimate the effects 
of thymus vulgar on in vitro dry matter digestibility 
(IVDMD), organic matter digestibility (OMD), 
metabolizable energy (ME), short chain fatty acids 
(SCFA) and net energy for lactation (NEl) of canola meal 
by in vitro gas production technique. 
 
 

MATERIALS AND METHODS 
 

Thymus vulgar samples 
 

During   summer,   thymus   vulgar   samples   were  collected  from  



 

 
 
 
 
different parts of Esfahan province. Next, they were dried for one 
week, and homogeneous mixture was papered for nutritive 
chemical  analyzes. For  determination of thymus vulgar effects, we  
added thymus vulgar extract with two doses (0 and 0.15 ml: 200 mg 
sample) into gas test syringes. All samples were then ground in a 
laboratory mill through a 1 mm screen. 
 
 
Chemical analysis 
 
 
Dry matter (DM) was determined by drying the samples at 105°C 
overnight and ashed by igniting the samples in muffle furnace at 
525°C for 8 h and nitrogen (N) content was measured by the 
Kjeldahl method (AOAC, 1990). Crude protein (CP) was calculated 
as N × 6.25. Ether extract (EE) was determined by extracting the 
sample with ether (AOAC, 1990). All chemical analyses were 
carried out in triplicate. 
 
 
Procedure of plant extracts preparation  
 
The thymus vulgar extract were prepared according to Patra et al. 
(2006) and Sallam et al. (2009) with some modifications. The 
thymus vulgar materials were dried at 50°C and ground in mills to 
pass a 1 mm sieve and 100 g was placed in 1000 ml of methanol 
solvent. The flasks of all the solvents were stoppered and agitated 
with a magnetic stirrer for 24 to 48 h at room temperature. The 
thymus vulgar extract were combined. Methanol was evaporated 
from the solution at approximately 65°C by using a rotary-
evaporator (Sallam et al., 2009). 
 
 
Treatments and experimental design  
 
The different doses of thymus vulgar extract were added to the diet 
sample. Two doses (0 and 0.15 ml/ 200 mg canola meal samples) 
of thymus vulgar extract were investigated as follows: (i) no additive 
and (ii) thymus vulgar extract (0.15 ml/30 ml buffered rumen fluid). 

 
 
In vitro gas production 
 

Fermentation of canola meal samples were carried out with rumen 
fluid which was obtained from three mature canulated steers fed 
twice daily with a diet containing alfalfa hay (60%) and concentrate 
(40%). The samples were incubated in the rumen fluid in calibrated 
glass syringes following the procedures of Menke and Steingass 
(1988) as follows: 200 mg dry weight of the sample was weighed in 
triplicate into calibrated glass syringes of 100 ml in the absence and 
presence of the doses (0 and 0.15 ml: 200 mg sample thymus 
vulgar extract). The syringes were pre-warmed at 39°C before 
injecting 30 ml rumen fluid-buffer mixture into each syringe followed 
by incubation in a water bath at 39°C. The syringes were gently 
shaken 30 min after the start of incubation and every hour for the 
first 10 h of incubation. Gas production was measured as the 
volume of gas in the calibrated syringes and was recorded before 
incubation and 2, 4, 6, 8, 12, 24, 48, 72 and 96 h after incubation. 
All samples were incubated in triplicate with three syringes 
containing only rumen fluid-buffer mixture (blank). The net gas 
productions for canola meal samples were determined by 
subtracting the volume of gas produced in the blanks. Cumulative 
gas production data were fitted to the model of Ørskov and 
McDonald (1979): 
 

P = a + b (1-e-ct) 
 
Where, P is the gas production at time t; the gas production from 
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soluble fraction (ml/200 mg DM), b the gas production from 
insoluble fraction (ml/200 mg DM), c the gas production rate 
constant (ml/h), a + b the potential gas production (ml/200 mg DM)  
and t is the incubation time (h).  

The metabolizable energy )MJ/kg DM( content of canola meal 
was calculated using equations of McDonald et al. (1995), Menke 
and Steingass (1988) and Menke et al. (1979) as follows: 
 
For all feeds, 
ME )MJ/kg DM) = 0.016 DOMD 
 
For forage feeds, 
 
ME )MJ/kg DM( = 2.20 + 0.136 GP + 0.057 CP + 0.0029 CF2 
 
For concentrate feeds, 
 
ME (MJ/kg DM) = 1.06 +0.157 GP +0.084 CP + 0.22 CF -0.081 CA 
 
Where GP = the 24 h net gas production (ml/200 mg-1), CP = crude 
protein. 

Short chain fatty acid (SCFA) was calculated using the equation 
of Makkar (2005) and Maheri-Sis et al. (2007, 2008).   
 
Where, Gas is 24 h net gas production (ml/200 mg DM). 
 
SCFA (mmol) = 0.0222 × GP – 0.00425 (Makkar, 2005) 
 
The organic matter digestibility was calculated using the equations 
of Menke et al. (1979) as follows: 
 
OMD (g/kg DM)  = )%(14.88 +0.889 GP +0.45 CP +XA 
 
Where GP = about 24 h net gas production (ml  /200 mg-1), CP = 
crude protein )%(, and XA  = ash content )%(,  
 
NEL (MJ/kg DM) = 0.115 × GP + 0.0054 × CP + 0.014 × EE - 
0.0054 × CA - 0.36 (Abas et al., 2005).  

 
 
Statistical analysis 

 
Data on apparent gas production parameters were subjected to 
one-way analysis of variance using the analysis of variation model 
ANOVA of SAS (1999). All data were obtained from three replicates 
(n = 3). 

 
 
RESULTS AND DISCUSSION 

 
The chemical composition of canola meal is shown in 
Table 1. Chemical composition including CP, EE  and 
crude ash )CA  (  were estimated as 35, 3.4 and 7.14%, 
respectively.  

Gas production volumes (ml 200
-1

 mg DM) in different 
incubation times (Figures 1 and 2), gas production 
volume at 24 h incubation (ml 200

-1
 mg DM) and 

calculated amounts of IVDMD, OMD, ME, SCFA and 
NEL of canola meal and thymus vulgar extract (0.15 ml / 
200 mg canola meal samples) are presented in Table 2.  

The IVDMD, OMD, ME, SCFA and NEl of canola meal 
were significantly higher than that of different doses of 
thymus vulgar extract (P < 0.0001). Amounts of IVDMD, 
OMD,  ME,  SCFA  and  NEl  of  canola  meal  (79.201%,  
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Table 1. Chemical composition of canola meal (%). 
 

Component % 

Crude protein (%DM) 35 

Ether extract (%DM) 3.4 

Ash (%DM) 7.14 
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Figure 1. In vitro gas production volume of canola meal at different incubation times. 

 
 
 

73.16 g/kg DM, 9.16 MJ/kg DM, 1.046 mmol and 5.27 
MJ/kg   DM,   respectively)  were   calculated.  Calculated  
amounts of IVDMD, OMD, ME, SCFA and NEl of thymus 
vulgar extract (0.15 ml/ 200 mg canola meal samples) 
were 54.329 %, 58.13 g/kg DM, 6.50 MJ/kg DM, 0.6708 
mmol and 3.33 MJ/kg DM, respectively.  

Gas volume at 24 h incubation (for 200 mg dry 
samples) of canola meal and thymus vulgar extract (0 
and 0.15 ml/ 200 mg canola meal samples) were 47.32 
and 30.41%, respectively. Gas volume at 24 h incubation 
(for 200 mg dry samples) was similar to that of Salamat-
Azar et al. (2011). 

Menke and Steingass (1988) suggested that gas 
volume at 24 h after incubation has similar metabolisable 
energy in feedstuffs. Sommart et al. (2000) reported that 
gas volume is a good parameter which predicts 
digestibility, fermentation end product and microbial 
protein synthesis of the substrate by rumen microbes in 
the in vitro system. Additionally, in vitro dry matter and 
organic matter digestibility were shown to have high 
correlation with gas volume (Sommart et al., 2000). Gas 
volumes have also shown a close relationship with feed 

intake (Blummel and Becker, 1997) and growth rate in 
cattle (Blummel and Ørskov, 1993; Mirzaei-Aghsaghali et 
al., 2011b). 

Metabolizable energy represents that portion of the 
feed energy that can be utilized by the animal. In vitro 
organic matter digestibility (OMD) is defined as the 
proportion of feed OM apparently digested in the total 
digestive tract. Organic matter digestibility is a measure 
of energy available to ruminants and is used in protein 
evaluation system (Taghizadeh et al., 2005, 2006; 
Gosselink et al., 2004; Paya et al., 2007). Blummel et al. 
(1999) reported that the gas volume in the bicarbonate 
buffered Hohenheim in vitro gas production test reflected 
SCFA production similar to that of Maheri-Sis et al. 
(2008). Gas volumes were produced quantitatively and 
qualitatively as a result of SCFA production (the amount 
of fermentative CO2 and CH4 could be accurately 
calculated from the amount and proportion of acetate, 
propionate and butyrate present in the incubation 
medium). Thus, increasing amount of SCFA has led to 
increase in gas production which resulted in high 
digestibility and energetic value  (Maheri-Sis et al., 2008).  
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Figure 2. In vitro gas production volume of thymus vulgar extract (0.15 ml/ 200 mg canola meal 
samples) at different incubation times. 

 
 
 

Table 2. In vitro gas production volume of 24 h incubation and estimated parameters of canola meal at different 
incubation times. 
 

Parameter 24 h OMD ME SCFA NEL IVDMD 

i 47.32 73.16 9.16 1.046 5.27 79.201 

ii 30.41 58.13 6.50 0.6708 3.33 54.329 
 

(i), No additive; (ii), thymus vulgar extract (0.15 ml/ 200 mg canola meal samples); OMD, organic matter digestibility (% 
of DM); ME, metabolisable energy (MJ kg

-1
 DM); SCFA, short chain fatty acid (mmol),  NEl, net energy lactation (MJ kg

-

1
 DM); IVDMD, in vitro dry matter degradability (%) (blummel and becker, 1997). 

 
 
 

Salamat azar et al. (2011) evaluated the effects of three 
doses of Zataria multiflora water extract (0, 0.15 and 0.3 
ml/30ml buffered rumen fluid) on the short chain fatty 
acid, net energy, metobolizable energy and organic 
matter digestibility of canola meal using in vitro gas 
production technique and reported that the amounts of 
organic matter digestibility, metabolizable energy, short 
chain fatty acid and net energy for lactation (NEl) of 
canola meal (79.46 g/kg DM, 10.27 MJ/kg DM, 1.046 
mmol and 5.28 MJ/kg DM, respectively) were high as 
compared to Z. multiflora water extract (0.3 ml/30 ml 
buffered rumen fluid) which were 41.85 g/kg DM, 3.63 
MJ/kg DM, 1.047 mmol and 1.22 MJ/kg DM, respectively. 
These results are in agreement with the findings of 
Salamat Azar et al. (2011).  
 
 
Conclusion 
 
The results show that the addition of thymus vulgar 
extract doses (0.15 ml/ 200 mg canola meal samples), 
significantly decreased (P<0.0001) the IVDMD, OMD, 

ME, SCFA and NEl. This study suggests that the thymus 
vulgar extract dose (0.15 ml/200 mg canola meal 
samples) have the potential to affect ruminal fermentation 
efficiency. 
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