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Introduction 
 

The increased concern for energy security and 

the negative impact of fossil fuels on the 

environment, particularly air pollution and 

greenhouse gas emissions, has put pressure on 

society to find new renewable fuel 

alternatives.Ethanol is currently one of the 

most promising alternatives to conventional 

transport fuels because of its desirable 

characteristics such as high octane value and  

 

 

 

 

 

 

 

 

 
 

good combustion efficiency. The Ministry of 

New and Renewable Energy (MNRE, 2009), 

Govt. of India has estimated that about 500 

Mt of crop residues are generated every year. 

So, there is a vast scope for converting 

lignocellulosic biomass into bio-ethanol in 

India. Also, the use of ethanol produced from 

biomass as a transport fuel can help in 

reducing CO2 buildup in atmosphere by 
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The objective of this study to find out the effect of ketamine in combination  of opioids on 

haemodianamics and electrocardiograph in dogs.The ketamine hydrochloride @3mg/kg 

bwt was administered epidurally at lumbosacrcal space in group I, whereas buprenorphine 

@0.005 mg/kgbwt, pentazocine @0.3 mg/kg bwt and meperidine hydrochloride (@1 

mg/kgbwt  were given epidurally in combination with ketamine hydrochloride in group II, 

III and IV, respectively.To accomplish epidural block, an 18-gauge 3.5 cm hypodermic 

needle was inserted percutaneously at the prepared site into the epidural space to inject 

analgesic agent. Haemodynamic and electrocardiographic changes were recorded before 

and at the time intervals of 5, 15, 30, 60 and minutes of ketamine administration. 

Haemodyanamic parameters viz. heart rate, systolic arterial pressure, diastolic arterial 

pressure and mean arterial pressure showed a significant higher (P<0.05) value at initial 

intervals of observation, thereafter, the values revealed a decreasing trends and returned to 

base line value by the end of observation. Shortening of PR, R.R. and QT intervals were 

recorded at 5 min up to 30 min. in all the groups. The QRS complex  did not show 

significant variation among and between  group. In conclusion, Ketamine in combination 

of buprenorphine, pentazocine and meperidine as epidural anaesthesia in dogs was  found 

to be effective  and produces reversible changes on haemodynamics and 

Electrocardiograph. 
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recycling CO2that is released when bio-

ethanol is combusted as fuel (Hasunuma and 

Kondo, 2012). The microbial conversion of 

lignocellulosic biomass into ethanol is 

attracting increasing interest; this is due to the 

fact that ethanol is an excellent alternative 

energy fuel for the future and produces very 

low amount of greenhouse gases on burning. 

 

Producing ethanol from biomass has proven 

to be a challenging process on multiple fronts. 

Biomass is inherently recalcitrant to 

enzymatic and microbial attack, which 

necessitates a pretreatment to make the 

crystalline cellulose in the lignocellulosic 

substrate more available for enzymatic 

hydrolysis (Binod et al., 2010). To complicate 

the matter further,some microbial inhibitors 

are also released during pretreatment of 

biomass, which affects fermentation 

performance of microbes.These inhibitors are 

formed when pretreatment conditions are too 

severe. Among the inhibitory 

byproducts,furfural and 5-hydroxy methyl 

furfural (Fig. 1) are the most potent inhibitory 

compounds generated from acid pretreatment 

of lignocelluloses to simple sugars for 

fermentation (Zaldivar et al., 1999).  

 

Biomass pretreatment using acid hydrolysis 

generates inhibitory compounds, which 

interfere with the subsequent fermentation. 

Among more than 100 compounds detected, 

furfural and 5-hydroxymethyl furfural (HMF) 

are the most potent and representative 

inhibitors (Luo et al., 2002; Martin and 

Jonsson, 2003). The inhibitory byproducts 

formed by pretreatment of lignocelluloses 

depend on both the biomass and the 

pretreatment conditions such as temperature, 

time, pressure, pH, redox conditions and 

addition of catalysts.  

 

In high temperature pretreatment, the 

formation of fermentable carbohydrates and 

degradation products is dependent on a 

combined severity factor, including reaction 

temperature, time and pH (Tengborg et al., 

1998). Sugar degradation products i.e. 

furfural (frompentoses) and 5-hydroxylmethyl 

furfural (from hexoses) are formed in high 

concentrations during severe acidic 

pretreatment conditions (Taherzadeh et al., 

1997). The formation of inhibitors and 

consequently of toxic compounds is a 

problem, that has a negative fallout on the rate 

of enzymatic hydrolysis. Table 1 summarizes 

the inhibitors profile derived from variety of 

lignocellulosic materials. 

 

Aromatic degradation products from sugar 

degradation are predominantly furans: 2-

furfural, 5-hydroxyl methyl furfural, 2-furoic 

acid and to minor extent phenols formed by 

solubilization and hydrolytic or oxidative 

cleavage of lignin. The concentrations of 

these aromatic compounds in hydrolysates 

arealso dependent on the type of pretreatment 

and ratio of the lignin contained in the 

biomass material.  

 

Quantification of inhibitors 

 

Different analytical methods were developed 

in the last years to determine furfural 

compounds in environmental and food 

samples. These methods initially were 

spectrophotometric measurements (Tu, 

D.,1992).Because these methods are time 

consuming and not specific, HPLC and gas 

chromatography were used as rapid and 

selective methods for determination of these 

compounds in environmental and food 

samples(Ferrer, et al., 2002;Servin, et al., 

2005). 

 

Effect of inhibitory by-products on 

microbial strains 

 

Microorganisms differ in their ability to adapt 

and grow in the hydrolysates. The 

fermentative performances of microorganisms 
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in lignocellulosichydrolysates depend on raw 

material and pretreatment (Olsson and Hahn-

Hagerdal, 1996). There are several measures 

of fermentability: growth, ethanol yield, 

ethanol productivity and specific ethanol 

productivity that should be taken into account 

when performing experimentation and 

industrial production (Hahn-Hagerdal et al., 

1994).Most ethanol fermenting yeasts, 

including industrial strains, are susceptible to 

various inhibitory compounds derived from 

acid pretreatment and especially to the 

presence of furfural and HMF (Martin and 

Jonsson, 2003; Cantarella et al., 2004).  

 

Poor fermentability of dilute acid wood 

hydrolysates by S. cerevisiae correlated to 

high concentrations of furfural, 5-

hydroxymethyl furfural and acetic acid 

(Taherzadeh et al., 1997). 

 

These compounds damage microorganisms by 

reducing enzymatic and biological activities 

(Hsu et al., 2010), breaking down DNA, 

inhibiting protein and RNA synthesis (Khan 

and Hadi, 1994). The formation of these 

inhibitors and consequently of toxic 

compounds has a negative fallout on the rate 

of enzymatic hydrolysis, which interfere with 

the subsequent ethanol fermentation. Pentose 

fermenting microorganisms are generally 

more inhibited by hemicellulose hydrolysates 

than hexose fermenting yeasts. 

 

The effect of furfural on cultivation of yeast 

has been considerable in many studies. 

Among known effects for batch cultivations 

are a decrease in the ethanol production rate 

and specific growth rate. The mode in which 

furfural inhibit yeast metabolism is not 

completely known. Though, it has been 

suggested that furfural inhibits central 

enzymes in glycolysis, e.g., hexokinase, 

phosphofructokinase, and triosephosphate 

dehydrogenase. 

 

Removal of inhibitory by-products formed 

during pretreatment 

 

For efficient conversion of sugars to ethanol, 

removal of these inhibitors from hydrolysate 

is required.These inhibitors can be avoided to 

a large extent by optimizing pretreatment 

conditions for each feedstock. A lot of 

physical, chemical and biological methods 

have also been developed to remove or 

degrade furfural and 5-hydroxyl methyl 

furfural (HMF) from lignocellulose 

hydrolysates, such as over-liming, ion 

exchange, enzymatic conversions and 

adsorption using active charcoal (Zhang et al., 

2010).  

 

Larsson et al. (1999) observed the removal of 

furfural (90%) and HMF (4%) using vacuum 

evaporation from wood lignocellulosic 

hydrolysate.Table 2 summarizes the 

hydrolysate detoxification using various non-

biological methods employed in a variety of 

lignocellulosichydrolysates. Each method 

represents its specificity to eliminate 

particular inhibitor from the hydrolysate. 

 

Due to highly acidic nature of 

lignocellulosichydrolysates pretreated with 

dilute acid, neutralization is unavoidable step 

before using the hydrolysate for fermentation. 

Alkali, most preferably calcium hydroxide or 

sodium hydroxide is used for neutralization of 

hydrolysates (pH-6.0-7.0). During the 

process, furfurals may be removed by 

precipitation to some extent.  

 

Over-liming with a combination of high pH 

and temperature has for a long time been 

considered as a promising detoxification 

method for dilute sulfuric acid-pretreated 

hydrolysate of lignocellulosic biomass 

(Chandel et al., 2007), but sugar loss (~10%) 

by adsorption has been demonstrated by this 

method(Martinez et al., 2001). Chandel et 

al.,(2007) observed that ion exchange resins 
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diminish furans (63.4%) and total phenolics 

(75.8%) from sugarcane bagasse acid 

hydrolysates. Although the ion exchange 

resins are effective, it is not cost effective and 

reflects its limited feasibility in commercial 

industrial purpose in lignocellulosics derived 

products synthesis.  

 

Fig.1 Process of formation of Furfural and HMF from hydrolysis of lignocellulosic biomass 

Formation of inhibitory by-products during pretreatment 
 

 
 

Table.1 Inhibitors profile derived from variety of lignocellulosic materials 

 

Lignocellulosic 

material 

Inhibitors profile (g/l) References 

Rice straw Acetate, 1.43; HMF, 0.15; Furfural,0.25 Baek and Kwon, 

2007 

Sugarcane bagasse Furans, 1.89; Phenolics, 2.75;Acetic acid, 5.45 Chandel et al., 

2007 

Eucalyptus Furfural, 0.26; 5-HMF, 0.07; Acetic acid, 3.41; 

Phenolics, 2.23 

Villarreal et al., 

2006 

 

Table.2 Strategies applied for detoxification and removal of fermentation inhibitors 

 

Lignocellulosic 

Hydrolysate 

Detoxification 

methods 

Changes in hydrolysate 

composition 

References 

Sugarcane bagasse Neutralization Not Applied Chandel et al., 2007 

Oak wood Activated charcoal Removal of phenolics 

(95.40%) 

Converti et al., 2000 

Wheat straw Ion exchange-D 311 

+ over-liming 

Removal of furfurals 

(90.36%), phenolics 

(77.44%) and acetic acid 

(96.29%) 

Zhuang et al., 2009 

Wheat straw Ethyl acetate + over 

liming 

Removal of furfurals 

(59.76%), phenolics 

(48.23%) and acetic acid 

(92.19%) 

Zhuang et al., 2009 
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An alternative route is biological 

detoxification, which has the advantages of 

simple operation and less generation of 

wastes (Zhang et al., 2010). However, the 

efficiency of biological detoxification is 

usually low. The highest degradation rates of 

furfural and HMF were reported to be 0.1 and 

0.02 g L
−1

 h
−1

, respectively, with 

detoxification processes taking 1–4 days to 

complete (Zhang et al., 2010). The low 

efficiency of biological degradation severely 

limits its practical applications.  

 

The detoxification of lignocellulosic 

hydrolysates, by activated charcoal is known 

to be a cost effective with high capacity to 

absorb compounds without affecting levels of 

sugar in hydrolysate (Canilha et al., 2008). 

The effectiveness of activated charcoal 

treatment depends on different process 

variables such as pH, contact time, 

temperature and the ratio of activated 

charcoal taken versus the liquid hydrolysate 

volume (Prakasham et al., 2009). Activated 

carbon has been reported to remove 96% of 

hydroxymethyl furfural (HMF) and 93% of 

the furfural in a study by Lee et al. (1999). 

 

As a whole, the appropriate pretreatment 

conditions play an important role in 

increasing the efficiency of enzymatic 

saccharification, thereby making the whole 

process economically viable. The efficient 

utilization of soluble sugar content of 

lignocellulosic biomass is the key for the 

economic feasibility of ethanol production. 

Pretreatment temperature, duration and acid 

concentrations had significant effect on the 

production of furfural and HMF, which in 

turn have effect on growth and tolerance level 

of fermentative microorganism. Presence of 

inhibitors in lignocellulosic hydrolysate is an 

industrial malaise. Efficient detoxification of 

these inhibitors is necessary to increase the 

ethanol yield from pretreated lignocellulosic 

hydrolysate before fermentation. Therefore, 

more efficient detoxification processes need 

to be developed for industrial applications in 

lignocellulose biorefinery. The positive 

impact of low-cost and simple techniques for 

detoxification such as the use of activated 

charcoal has also been observed. A clear 

understanding on the formation of inhibitors 

and methods of detoxification will go a long 

way forward in making this biomass waste 

into a potential source of economically sound 

and environment-friendly fuel, in order to 

meet the increasing demand of our growing 

economy. 
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