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Background and Justification  

 

Ethiopia is one of the countries with the largest animal population and nearly 60% of uncultivated 

land. Despite the large number of animal population, the benefit derived from this sector is very low 

due to low production and productivity of the livestock population. 

 

The low production and productivity of the livestock population is due to various factors among 

which animal feed shortage is the most limiting. Feed shortage both in quantity and quality has been 

a critical problem in Ethiopian livestock production system and for this reason it has been one of the 

high priority thematic research areas of the Ethiopian Research system attracting much research 

effort. Establishing feeding systems for different animal groups, studying the feed values, intake 

and digestibility of the different feed groups are some of the research activities being undertaken in 

the research system. To undertaken detailed research work, well-trained and experienced manpower 

that can perform feed analyses using techniques such as nylon bag and gas production, purine 

derivative and alkanes for determination of intake and digestibility studies of rangeland animals 

(grazing animals) are required. We have all the facilities but lack the trained personnel and the 

experience. Therefore, such fellowship does not only help the center to build technical capability in 

animal nutrition research but also creates a good linkage between the regional research Institute 

with highly competent international organizations.  

 

Objectives: To learn the basic principles of various feed analytical techniques and to acquire 

practical knowledge so that the different feed analytical techniques can be undertaken by the 

trainee himself and that he can teach the acquired  knowledge to others on his return to the 

research center 

 

Methods  

The method used for the extraction of alkane was developed at Macaulay Land Use Research 

Institute and I learnt the following techniques.  

 

I. Analysis of alkanes (heptane as extraction solvent) 

  

The sample I used was from animal faeces and they were frozen-dried. Otherwise, oven-drying at 

75-85°c was acceptable with the samples then finely ground.  

Duplicates 0.1g samples of dried, ground faeces was accurately weighed into glass GC vials(4ml 

capacity) fitted with screw caps having PTFE-lined inserts. A solution of C22 and C34 in decane 

(0.3mg/g each alkane) was added by weight (0.11g) to each tube as an internal standard, followed 

by 1.5 ml ethanolic KOH(1M).The tubes were capped and heated for 16 hrs at 90°c in the dry block 

heater. After partial cooling (to 50-60oC) 1.5 ml n-heptane was added. The tube was capped and 
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shaken gently. Water (0.4ml) was added and the tube was re-stoppered and shaken vigorously. 

After separation into two liquid layers, the top (non-aqueous) layer was transferred to a second 4ml 

GC vial with a polyethylene pasteur pipette. Another 1.5ml heptane was added to the tube and the 

extraction repeated, adding the top layer to the same vial. The solution in the vial was evaporated to 

dryness on a dry-block heater fitted with a sample concentrator blowing air into the vial. The 

extracts were re-dissolved in 0.ml heptane, with warming, and applied to a small column containing 

silica gel (keiselgel 60,70-230 mesh) with a bed volume of 1 ml. The hydrocarbon were eluted into 

a third 4ml GC vial by the addition of 2X 1.5ml n-heptane to the column. After evaporation to 

dryness, the hydrocarbons were re-dissolved in 0.2ml dodecane, and after warming, transferred to 

auto-sampler vials for analysis by gas chromatography. After being analyzed by gas 

chromatography the result was converted into numerical data and then computed for the carbon 

atom. 

 

II. Analysis of alkanes (using cheaper solvents such as: alcohol, diesel oil, diethyl ether, paraffin 

extraction solvent)  

Different samples were used - a faecal sample collected from deer and herbage. Samples were 

prepared as above. All steps were similar, but different solvents (alcohol, diesel oil, diethyl ether, 

paraffin) were used instead of decane. All the rest of the solvents in the process were similar. 

III. Gas production techniques  

 

A. Preparation of syringes  

All substrates were milled using a 1 mm screen. Weigh 200 mg substrate into each (numbered) 

syringe and record actual weight. The blank was included (i.e rumen fluid/artificial saliva mixture 

on its own) at the beginning, in the middle of the set, and at the end. Control samples, were added in 

each run to correct for possible variation between runs. Samples were done in duplicate. After 

weighing was completed, the plungers greased with vaseline, and placed in incubator at 39˚C.  

 

B. Preparation of artificial Saliva. 

Distilled water, buffer solutions, macro-mineral solution, micro-mineral solution and resazurin 

solution were added into a round flat-bottomed flask. It was warmed to 39°C and then reducing 

solution was added. Water bath was set at 39°C on magnetic stirrer. The magnet was put into the 

flask and carbon-dioxide was gently bubbled into the solution until the blue color turns to pink then 

clear-this means the artificial saliva has then been reduced. Then measured volume of the saliva was 

added into the syringes. At different times (3hrs, 6hrs, 9hrs, 12hrs, 18hrs, 24hrs, 36hrs, 72hrs) gas 

volume was recorded.    

Result and discussion  

 

The important thing that I acquired in analysis of alkane was: how to extract different samples using 

alternatives to heptane. I spent most of my time with this method and now I can work on my own 

and have worked on more than 400 samples. The process involves chemicals available in Ethiopia, 

expect heptane. The second process in alkane analysis was the purification method that involves 

columns and the final process was the gas chromatography. After the analysis by gas 

chromatography the result should be processed to indicate the peaks that help in calculating the 

concentration of alkanes. We do not have any gas chromatography equipment in any of the 

agricultural research centers in Ethiopia. That means that I will not be able to apply all the 

knowledge I have obtained. Other attempts we made with Dr. Bob Mayes were testing whether 

inexpensive solvents could be used instead of n-heptane, which is very expensive in developing 

countries. We used: petroleum spirit, petrol, methyl spirit, ethanol. The work with these solvents 

showed that either laboratory petroleum spirit (also known as petroleum ether) or petrol (gasoline) 



when distilled (such that the first 50% was used in the alkane analysis), could effectively substitute 

for n-heptane. Dr. Mayes continued with the work and he finally concluded that un-distilled petrol 

was unsatisfactory. In general, with the analysis of alkanes, I have practically learnt how to extract 

using different solvents, how to purify the samples and how to determine the peaks of the gas 

chromatography reading for determination of alkane concentration in different samples. In 

conclusion, from the results of the chromatography, different concentrations of carbon have been 

calculated. The carbon atom varied between C20 to C36, which further helps to calculate the amount 

of feed intake and digestibility. It is not possible to apply the method that involve complex 

apparatus and expensive solvents like heptane in developing world like Ethiopia so, our major 

attempt should lie on replacing the expensive solvents with solvents that are cheaper and more 

easily available in the developing world like Ethiopia. They will, however, need to be as effective 

as heptane in extraction. 

   

Gas production technique: 

 

In the gas production technique, I have learnt how to prepare syringes, saliva, to develop apparatus 

for using different simple apparatus, how to take readings, how to measure different solutions, how 

to use different gas measuring apparatus.  

 

Different ways of collecting gas produced had been tested at the Macaulay. The very basic logic 

had been to devise cheaper, easily usable and efficient apparatus for collecting gases produced in 

the course of the reaction. In general, all these techniques are applicable in Ethiopia because the 

apparatus and techniques are simple and have affordable costs. The mains power sources 

(electricity) can be replaced by available sources of energy like car batteries.  
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