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Abstract 

 

This report covered the research activities undertaken by Dr. Abule Ebro from June to 

November, 2007 at the Macaulay Institute, International Feed Resource Unit through the 

fellowship given to him by the Stapleton Memorial Trust. The objectives of the fellowship were 

to be trained with the techniques of determining alkanes, alcohols, fatty acids and gas production 

and to identify solvents that can be used in the place of n-heptane which are cheap in terms of 

cost for use in developing countries and to simplify the use of gas production technique under the 

context of developing countries. In addition to the successful training given to the researcher, it 

was shown that n-heptane can be replaced with distilled petrol (first 50% collected), distilled 

petrol (first 70% collected) and a 1:1 mixture of distilled petrol and distilled kerosene (both first 

50% collected) for the determination of alkanes, alcohols and fatty acids. Furthermore, the 

standard glass syringe used in the gas production technique can be replaced with cheap materials 

such as serum bottles.      

 

 

1. GENERAL INTRODUCTION 

 
Agriculture dominates the economies of developing countries and in these countries the livestock 

sector is the fastest growing agricultural sector (3.77% livestock vs 2.71% crops in last decade). 

By 2020, consumers in developing countries will eat 87% more meat and 75% more milk than 

they do today making livestock production the largest share of the value of global agricultural 

output (FAO, 2005). Animal feeding systems in these countries are mainly based on grazing on 

native pastures, which are deteriorating in production and quality which varies from season to 

season resulting in poor animal performance. Thus, maximizing feed intake is crucial to 

maximize animal performance and prediction of nutritional parameters such as intake, 

digestibility and diet composition are important in meeting nutrient requirements of animals. 

Both direct and indirect methods have been used to determine these nutritional parameters.  

 

Globally, however, the measurements of these nutritional parameters are generally difficult in 

grazing animals, with measurement errors often large, in part due to the limitations of current 

methodologies. The methods used may disturb the animals and there is heterogeneity in the feeds 
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(Dove and Mayes, 1996). Furthermore, the determination of feed quality like fibre, ether extract 

and metabolisable energy are difficult due to cost of chemicals, other facilities and irregular 

supply of electrical energy in the developing countries.  

  

With advances, the use of dosed and plant n-alkanes as markers, was realized and their integrated 

use can provide estimates of intake, digestibility and diet composition. Their use for grazing 

animal nutrition studies has increased but their reliability as indicators will decline as the number 

of dietary components increases requiring improvement in their reliability for animals grazing 

heterogeneous vegetations. There are many substances that can be used as markers, but their 

evaluation is required and methods for their routine quantitative analysis in plant materials and 

feces must be developed (Mayes and Dove, 2000).   

 

In determination of intake and digestibility using n-alkane method, the commonly used solvent is 

n-heptane; however, it is not produced in countries like Ethiopia. So, the cost that can be 

incurred to purchase and transport n-heptane is high. There are other solvents that can possibly 

be used such as petrol (gasoline), white spirit, kerosene (paraffin oil) and aviation fuel. 

Furthermore, some of the facilities and materials used in the analysis are expensive under the 

context of developing countries. 

 

The gas production technique is one of the most commonly used methods in studying the 

nutritional characteristics of animals (Menke et al., 1979; Menke and Steingass, 1988) and is 

used in many developing countries. However, some of the equipments used, including the glass 

syringes, are expensive and are not readily available. Furthermore, it requires a constant supply 

of electricity which is often not the case in many developing countries.  

 

In general, in countries where technical capability and facilities are limited, it is difficult to test 

the feasibility of alternative solvents as n-alkane indicators and change some equipment used in 

gas production technique with less expensive materials. Therefore, the author of this report 

stayed at the Macaulay Institute, International Feed Resource Unit, from June 2007 to the end of 

November, 2007 through the fellowship awarded to the author by the Stapledon Memorial Trust. 
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The Macaulay Institute was ideal for training, experience sharing and carrying out detailed 

research, as there is an accumulated knowledge, expertise and the necessary laboratory facilities.  

 

2. OBJECTIVES OF THE FELLOWSHIP 

 

a) To acquire practical training, share experiences and identify solvents that can    

      be used for the analysis of plant wax marker compounds which enable the    

      estimation of intake, digestibility and diet composition in developing countries 

b) To examine the possibility of using alternative equipment in the place of glass 

syringes and other methods of simplifying the gas production technique    

 

3. CONTENT OF THE REPORT 

 

This report basically contained both technical and non-technical aspects mainly the financial 

report. The technical aspects covered:  

 

Training and experiments undertaken in analysis of alkanes, fatty alcohols 

(LCOH) and   fatty acids (VLCFA) 

  

  Training and studies undertaken relating to the gas production technique  

 

3.1. Training and experiments undertaken in alkanes, LCOH and VLCFA 

 

 

3.1.1. Training aspect 
 

The fellowship started with training in the quantitative analysis for determination of alkanes, 

fatty alcohols (LCOH) and fatty acids (VLCFA) in livestock feed and faecal samples. At the 

beginning, 20 samples of winter silage, from an experiment carried out at Bronydd Mawr 

Research station in 2002, were analyzed. The silage had been made from either perennial 

ryegrass, red clover or from mixtures of the two herbages. The silage samples, together with one 

quality control grass feed sample (labeled as NQCG) were analyzed for n-alkanes, LCOH and 
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VLCFA in duplicate according to the standard method of Dove and Mayes (2006). Following 

this, 30 different plants or different plant parts collected within Scotland were analyzed for the 

three fractions with inclusion of the NQCG quality control grass sample. The alcohol fraction for 

these plants was determined by digesting another set of samples as the columns were discarded 

before the crude LCOH fraction was extracted. Furthermore, 31 faecal samples from red deer 

and one moose faecal sample were also analyzed for the 3 fractions.  

 

Major findings 

 
Regarding the alkane concentration, in general, in the 20 Bronydd 2002 silage samples, the level 

of C27, was the highest. The value for the 100% grass silage ranged from 46.5 to 56.50 mg per kg 

DM that of the mixtures of the different proportions from 53.2 to 60.16 mg per kg DM, that of 

the 100% red clover 46.05 to 51.05 and the control 27.86 mg per kg DM.  

 

The 30 different plants and/or plant parts collected within Scotland had a high level of C29, C31, 

and C27 in a decreasing order. 

 

3.1.2. Experimental studies 

 
 

3.1.2.1. The use of inexpensive solvents as an alternative to n-heptane in the analysis of diet 

and faecal samples for alkane, alcohol and fatty acid analysis 

 

 

Materials and Methods 
 

 

Three separate studies were undertaken at the Macaulay Institute. The methods used to undertake 

each study are described below.  
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Study 1: Use of distilled petrol (first 50% collected) in the place of n-heptane as the main 

solvent 

 

 

Petroleum spirit is one of the most commonly used solvents for different purposes in developing 

countries and it is readily available. This study is a continuation of the previous work of Mayes 

et al. (2007); in their studies, n-alkane analysis was tested with distilled petrol (first 50% 

collected) but further studies on alcohol and fatty acid determinations were not undertaken. 

Furthermore, in the current work, the treatments were designed in such a way they also included 

additional treatments such as replacing ethanolic KOH (1 M) with KOH dissolved in distilled 

methylated spirits (KOH in DMS). 

 

Treatments 

 

1. Standard method (Use of n-heptane and ethanolic KOH) as described by Dove and 

Mayes (2006) (Vials 1-9) 

2. n-Heptane as the main solvent  with KOH in DMS replacing ethanolic KOH (Vials 10-

18)  

3. Distilled petrol (first 50% collected) and ethanolic KOH (Vials 19-27) 

4. Distilled petrol (first 50% collected) and  KOH in DMS (Vials 28-36) 

 

 

The samples used for the study were one feed sample (NQCG) and two different faecal types 

(sheep faeces and moose faeces). Following the standard procedure of Dove and Mayes (2006) 

0.1 g of dried ground faecal sample and 0.2 g of NQCG was weighed and transferred into the 

tubes; all the analyses were run in triplicate. 

 

Analysis of n-alkanes 

 

Following the standard procedure of Dove and Mayes (2006), Steps 2, 3 and 4 were carried out 

as described in the protocol. On Step 5, for Treatments 1 and 3, ethanolic KOH in the 

recommended amount was added, while for Treatments 2 and 4, KOH in DMS in the quantity 

indicated in the protocol was added. In Step 6, after partial drying, for Treatments 1 and 2, n-

heptane of the usual recommendation was added while for Treatments 3 and 4, distilled petrol in 
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the amount indicated in the protocol was used. In Step 8, for treatments 1 and 2, n-heptane was 

used while for Treatments 3 and 4, distilled petrol was used. At Step 10, for treatments 1 and 2, 

n-heptane was used while for Treatments 3 and 4, distilled petrol was used. At Step 11, n-

heptane was used for Treatments 1 and 2, while distilled petrol was used for Treatments 3 and 4. 

The other steps for alkane analysis were the same as indicated in the standard procedure.  

 

 

Analysis of LCOH fraction 

 

The alcohol fraction analysis was undertaken using two different methods. The standard method 

of Dove and Mayes (2006) and a urea adduction method developed by R.W. Mayes (2007, 

unpublished). In the determination of LCOH fraction, using the Dove and Mayes (2006) 

protocol, at Step 12, n-heptane/ethyl acetate was used for Treatments 1 and 2 while a 1:1 mixture 

of distilled petrol and distilled methyl spirit (DMS) was added for Treatments 3 and 4. At Step 

16, for Treatments 1 and 2, n-heptane was added while for Treatments 3 and 4, distilled petrol in 

the amount indicated in the protocol was used. In Steps 17 and 18 of the protocol, for Treatments 

1 and 2, n-heptane was used while for Treatments 3 and 4 distilled petrol was. In Step 21, for 

Treatments 1 and 2, n-heptane was used, while for Treatments 3 and 4, distilled petrol was used. 

To prepare acetate derivatives of the fatty alcohols, the method differed from that described in 

the protocol of Dove and Mayes, 2006); the amount of the freshly prepared mixture of acetic 

anhydride/pyridine (1:5 v/v) was 0.2 ml. After heating overnight at 50oC, the reagents were 

removed by evaporation; 0.2ml n-heptane was added. Following evaporation of the heptane, the 

residue was dissolved in 0.2ml dodecane prior to analysis by gas chromatography. 

 

A test was undertaken for using different mixtures of distilled petrol/DMS as solvents to elute 

the alcohols from the aminopropyl SPE columns in the following sequence: (i) distilled petrol 

alone; (ii) 2% DMS + 98% distilled petrol; (iii) 4% DMS + 96% distilled petrol; iv) 10% DMS + 

90% distilled petrol. It was evident that distilled petrol alone did not elute the alcohols. Alcohols 

were eluted with 2% DMS + 98% distilled petrol, and 4% DMS+96% distilled petrol, but were 

all gone by the time 10% DMS + 90% distilled petrol was used. It was noted that the latter 

mixture separated into 2 layers and the 4% DMS + 96% DP was cloudy. It can be concluded that 

the best approach would be: distilled petrol (to remove residual alkanes etc), then 2% DMS + 
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98% distilled petrol, followed by 3% DMS+ 97% distilled petrol, with these last two eluates 

combined and containing the LCOH fraction. 

 

At Step 17 of the LCOH purification, according to the protocol of Dove and Mayes (2006), the 

aminopropyl SPE columns were conditioned using 1 ml distilled petrol. At Step 18, the 

procedures in the protocol were modified and the collection process was undertaken as indicated 

as follows. Other vials were arranged in such a way that Vials 1 to 6 representing the feed, sheep 

faeces and moose faeces in duplicate (distilled petrol eluates). Vials 7 to 12 were the eluates 

collected when 2% DMS + 98% distilled petrol was the solvent added to the same columns. 

Vials 13 to 18 the eluates collected from the 4% DMS + 96% distilled petrol solvent, and finally, 

Vials 19 to 24 were collected using 10% DMS + 90% distilled petrol solvent. The arrangements 

were 1 and 2 (feed), 3 and 4 (sheep faeces) and 5 and 6 (moose faeces) and it was continued this 

way by repeating until Vial 24. The rest of the steps were as indicated in the protocol. 

 

 

Further purification of LCOH and preparation for analysis using the urea adduction 

method (R.W. Mayes, unpublished) 

 

For this study, initially, of the four treatments in Experiment 1, Treatments 1 and 4 were 

selected. These were crude alcohol fractions eluted from silica-gel columns after removal of the 

alkane fraction, using as solvents: 

 

1. n-Heptane and ethanolic KOH) (Standard method  as described by Dove and Mayes, 

2006) (Vials 1-9) 

4. Distilled petrol (first 50% collected) and  KOH dissolved in DMS (Vials 28-36) 

 

Later on, the same study was undertaken using eluates from original Treatments 2 and 3 also. For 

the urea adduction method, suitable SPE columns were first prepared. To each empty 

polypropylene SPE column (1ml capacity), a porous polypropylene frit was inserted using a 

small metal rod. Chromosorb W-AWDMCS (100-120 mesh) (sold as a support for the stationary 

phase for packed gas chromatography columns) was weighed into the column (80mg), followed 

by a second polypropylene frit. The columns were placed in a modified test tube rack (a 
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perforated metal plate attached to the top of a test tube rack. To each column was added 1ml 

either n-heptane (Treatments 1 and 2) or distilled petrol (Treatments 3 and 4), allowing the 

solvent to drain to waste. The outlet at the base of each column was closed by means of a Luer 

cap, and 0.1ml saturated urea solution was added to the column; for Treatments 1 and 2, 

saturated solution of urea in ethanol was used, and for Treatments 3 and 4, saturated urea 

solution in DMS was used. Later, an additional study was undertaken by using saturated urea in 

DMS for Treatment 2 and saturated urea in ethanol for Treatment 3. Following the addition of 

urea solutions, 50µl of a solution of the sample crude alcohol fraction redissolved in either 0.5ml 

n-heptane (Treatments 1 and 2) or distilled petrol (Treatments 3 and 4) was carefully added.  The 

rack containing the columns was placed in an oven at 70oC. For safety reasons, the oven was 

immediately switched off. The rack was removed after 15 to 20 minutes and was kept in the 

fume cupboard for at least 16 h to allow the urea in the columns to crystallise and the solvents to 

evaporate. The columns were placed on a positive pressure manifold and, with the use of little 

positive (air) pressure, sterols/stanols were eluted using 3 x 0.5 ml n-heptane for Treatments 1 

and 2 and 3 x 0.5 ml distilled petrol for Treatments 3 and 4. After the solvents were completed 

removed, the columns were washed with 4 x 0.5 ml water, with increased application of air 

pressure, allowing the eluate to run to waste. After 10 min application of pressure to dry the 

columns, the alcohols were eluted using 3 x 0.5 ml heptane (Treatments 1 and 2) and 3 x 0.5 ml 

distilled petrol (Treatments 3 and 4). After drying down the eluates containing the alcohols, a 

freshly prepared mixture of acetic anhydride/pyridine was added. The vials were capped and 

heated overnight at 50oC. After drying, 1 ml of n-heptane was added for Treatments 1 and 2 

while 1 ml of distilled petrol was used for Treatments 3 and 4. After drying, 0.25 ml of dodecane 

was added and the sample transferred to the GC auto-sampler vials. 

 

 

Fatty acid analysis 

 

The fatty acid fraction was determined in the four treatments of Experiment 1. At Step 13 of the 

protocol described by Dove and Mayes (2006) to extract the VLCFAs, for Treatments 1 and 2, 3 

x 1.5 ml heptane/diethyl ether was used, according to the standard procedure while for 

Treatments 3 and 4, distilled petrol (3 x 1.5 ml) was used. At Step 14, 1 ml n-heptane was used 

for Treatments 1 and 2, while 1ml distilled petrol was used for Treatments 3 and 4. At Step 23, to 
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purify the crude VLCFA extract, extracts from Treatments 1 and 2 were dissolved in n-heptane 

while extracts from Treatments 3 and 4 were dissolved in distilled petrol. For Treatments 1 and 

2, heptane/ethyl acetate was used as solvents (92:8 and 70:30 (v/v) to respectively remove any 

alkanes and alcohols, and to collect the VLCFA fraction. For Treatments 3 and 4, any alkanes 

and alcohols were removed using distilled petrol + DMS (96:4, v/v) and the fatty acids were 

eluted with distilled petrol + ethanol (85:15, v/v). Step 24 was carried out exactly as indicated in 

the standard protocol. At Step 25 of the protocol, 1 ml of heptane was used for Treatments 1 and 

2, while 1 ml of distilled petrol was used for Treatments 3 and 4. At step 26, 0.25 ml dodecane 

was used as described in the protocol. 

 

 

Major findings 

 

Except very minor irregularities in C21, C24 and C26, all the four experimental solvents were 

efficient in determining the n-alkane concentrations in plant and fecal samples indicating that n-

heptane could be replaced with distilled petrol (first 50% collected). This is a major 

breakthrough in reducing the cost of solvent as petrol is readily available in developing countries 

and this finding confirms the previous findings of Mayes et al. (2007). Furthermore, it is possible 

to replace ethanolic KOH with KOH dissolved in distilled methylated spirits which is much 

cheaper than ethanolic KOH. The solvents also work for the determination of alcohol but with 

some irregularities.  With regard to fatty acid analysis, it was observed that there is a technical 

limitation in the method of fatty acid analysis which requires further investigation to improve the 

method itself.  

 

 

Study 2: Use of distilled petrol (first 70% collected) in the place of n-heptane as the main 

solvent 

 

Study 1 indicated that the first 50% distillate collected when petrol (gasoline) is distilled could 

be successfully be used as an inexpensive substitute for n-heptane in analysis of feed and faeces 

samples for n-alkanes and  long chain fatty alcohols. Furthermore, distilled methylated spirits 

could replace ethanol. Further reductions in cost may be possible if the first 70% of distillate 

collected upon distilling petrol, and methylated spirits, without distillation (mineralised) could be 

used.     
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The treatments in this study were  

1. Heptane and ethanolic KOH (Vials 1-9) 

2. Heptane and  mineralised methylated spirits (MSM) (Vials10-18) 

3. Distilled petrol (70%) and ethanolic KOH (Vials 19-27) 

4. Distilled petrol (70%) and mineralised methylated spirits (MSM) (Vials 28-36) 

 

Alkane analysis 

 

The samples used in the study were the same samples used in Study 1 and the analyses were 

undertaken in triplicate. All the steps were the same as in Study 1 except n-heptane was replaced 

with distilled petrol (first 70% collected) and ethanolic KOH was replaced by KOH in 

mineralised methylated spirits. At Step 5 of the procedure of Dove and Mayes (2006), KOH 

dissolved in MSM was used. At Steps 6 and 8, for Treatments 3 and 4, distilled petrol (first 70% 

collected) was used. At Step 10, 0.3 ml distilled petrol (first 70%) was used and the silica-gel 

was added to the columns as a slurry in  distilled petrol (first 70%). At Step 11 for Treatments 3 

and 4, 2.4 ml distilled petrol was used.  

 

Analysis of LCOH fraction 

 

In the analysis of the LCOH fraction at Step 12 of the protocol, a mixture of equal proportions 

(1:1) of distilled petrol (first 70%) and MSM was used. From this step onwards, the urea method 

was followed as described in Study 1. In all the steps, where n-heptane (Treatments 1 and 2) was 

used it was replaced by distilled petrol (first 70%). The columns were conditioned using 1 ml 

heptane (Treatments 1 and 2) and 1 ml distilled petrol (in Treatments 3 and 4). The sample were 

re-dissolved using 0.5 ml heptane Treatments 1 and 2) and 0.5 ml distilled petrol (Treatments 3 

and 4). For Treatments 1 and 2, 0.1ml of a saturated solution of urea dissolved in ethanol was 

used, and urea dissolved in DMS was used for Treatments 3 and 4). The rest of the procedures 

followed were as described in the protocol except where heptane was used for Treatments 1 and 

2, for Treatments 3 and 4, distilled petrol was used. Furthermore, in Treatment 3 urea dissolved 

in ethanol was used while for treatment 2 urea in MSM was studied to look at the effect of the 

fate of materials found in MSM.  
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Fatty acid analysis 

 

The VLCFAs followed a similar pattern to that in Study 1 except distilled petrol (first 70% 

collected) was used to replace n-heptane in all of the processes for Treatments 3 and 4. 

Furthermore, at the step 23 of the protocol, for Treatments 3 and 4, distilled petrol and DMS 

(96% and 4%, respectively) and ethanol (15%) and distilled petrol (85%) were used to replace 

the standard chemicals indicated in the protocol.  

 

Major findings 

 

All the four experimental treatments/solvents were comparable in determining the n-alkane 

concentrations of plant and faecal samples. Mineralised methylated spirits can be used in the 

place of ethanol which further reduces the cost of chemicals to be used in the analytical 

procedures. The result for alcohol and fatty acid was more or less similar to the findings 

described in Experiment 1.   

 

Study 3. Use of a 1:1 mixture of distilled petrol (first 50% collected during distillation ) and 

distilled kerosene (first 50% collected during distillation) as a substitute for n-heptane as 

the main solvent in analysis for n-alkanes and fatty alcohols 

 

Since kerosene is less expensive than petrol (gasoline), further cost reductions may be possible if 

it is included in the main hydrocarbon solvent used in the analysis 

 

The study treatments were 

 

a. n-Heptane and ethanolicl KOH (Vials1-9) 

b. n-Heptane and distilled methylated spirits (DMS) (Vials 10-18) 

c. Distilled petrol (first 50%) and distilled kerosene (first 50%) as a 1:1 mixture (DPK) and 

ethanolic KOH (Vials 19-27) 

d. Distilled petrol (first 50%) and distilled kerosene (first 50%) as a 1:1 mixture (DPK) and 

DMS (Vials 28-34) 
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Alkane anaysis 

 

The feed and faecal samples used in this study were the same samples used in the previous two 

studies and the analyses were undertaken in triplicate. All of the steps are the same to that of the 

previous two studies except the n-heptane was replaced with by DPK and ethanolic KOH was 

replaced by KOH in DMS. At Step 5 of the protocol described by Dove and Mayes (2006), KOH 

dissolved in DMS was used for Treatments b and d. At Steps 6 and 8, for Treatments c and d, 

DPK was used. At Step 10, the silica-gel was prepared using n-heptane, but the columns were 

conditioned by washing with 5ml of DPK Treatments c and d. All the other steps used the 

specific solvents outlined in the protocol. 

 

Analysis of LCOH fraction 

 

In Step 12 of the standard protocol, for Treatments c and d a 1:1 mixture of DPK and DMS was 

used, although it did not mix properly, while for Treatments a and b, the standard procedure was 

followed. The urea adduction method was used to purify the alcohol fraction. For Treatments c 

and d, DPK replaced n-heptane. For Treatments a and c, the urea was dissolved in Ethanol, and 

for Treatments 2 and 4, the urea was dissolved in DMS.  

 

Fatty acid analysis 

 

Because of shortage of time, fatty acid analysis was not undertaken for Study 3. 

 

 

Major findings 

 

Like the previous two studies, a 1:1 mixture of distilled petrol (first 50% collected during 

distillation) and distilled kerosene (first 50% collected during distillation) can successfully 

replace n-heptane as a major solvent in the analysis of feed and faeces samples for n-alkanes and 

fatty alcohols which is very much cheaper than n-heptane in terms of cost.  However, when the 

distilled petrol and Distilled kerosene mixture is used, the extraction and drying process takes a 

considerably longer time than when heptane is used. This limits the advantage obtained in terms 
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of cost reduction. For the other two fractions, the result is as described in the previous two 

studies. 

 

3.2. Training and studies undertaken in Gas Production Technique 

 

3.2.1. Training component 

 

 
The training on gas production technique started in the beginning of September 2007 and two 

gas production studies were undertaken to get acquaintance with the techniques of gas 

production measurement. In the first two studies, three feeds (dried samples of hay, grass and 

heather) were used which were ground to pass a 1mm sieve. In each of the studies, there were 

four blanks (two at the beginning and two at the end) and the three feeds were run in duplicate. 

The samples were incubated in the rumen fluid in calibrated glass syringes following the 

procedures of Menke and Steingass (1988) as follows. In each glass syringe, about 0.2g of 

accurately weighed feed was placed. After completing the weightings, the syringe plungers were 

greased with Vaseline. The syringes were pre-warmed at 39◦C overnight before injecting 30 ml 

rumen fluid-buffer (1:2 v/v, respectively) mixture into each syringe followed by incubation in a 

water bath at 39◦C.  The syringes were gently shaken at least two to three times during the first 

day as well as each time a reading was taken. Gas production was measured as the volume of gas 

in the calibrated syringes and was recorded before incubation (0), and 3, 6, 12, 24, 48, and 72 

hours after incubation. Total gas values were corrected for blank incubation which contained 

only rumen fluid. 

 

The rumen liquor for the study was obtained from two sheep at the Macaulay Institute’s 

Glensaugh Research Station. Rumen fluid was collected through a cannula in the side of the 

sheep. A length of thick hose attached to a hand pump and small bottle was inserted through the 

hole and the fluid was sucked out using the vacuum. The animals were male Suffolk Cross 

wethers. They were 8 years of age and the smaller one weighed on average 61kg and the larger 

one weighed on average 92.5kg.  

 

Major findings 
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In both studies, the grass sample had the highest volume of gas production (mean = 66 ml) 

followed by the hay sample (mean= 60 ml) and the lowest was recorded by heather samples 

(mean = 46 ml). 

 

3.2.2. Experimental studies 
 

Eight experimental studies were undertaken mainly with the objective of replacing the standard 

glass syringes, which are expensive, with cheaper substitutes such as screw-top test tubes (30 ml 

capacity), plastic syringes, 50ml serum bottles, with different devices attached to the serum 

bottles. Furthermore, there were some limited activities studying the effect of adding different 

levels of polyethylene glycol on gas production characteristics of feeds with high tannin content.  

 

Materials and Methods 

 

3.2.2.1. Replacement of the standard glass syringes with 30ml screw top test tubes with a 

long needle and a 50 ml capacity plastic syringe on the top of the needle 

 

In an effort to replace the standard glass syringes, 30 ml capacity screw-top test tubes with long 

needles were used and a plastic syringe of 50 ml capacity was put on the top of the needle to 

measure the gas (Picture 1). 

 

Four trials were undertaken using this method hoping to improve the situation step by step. In the 

first trial with the screw-top test tubes, three feeds (ground samples of hay, grass and heather) 

were used and they were run in duplicate (eight in total). As a comparison with the conventional 

method, samples were also incubated in standard syringes (two each: blank; heather; grass; hay). 

The standard syringes were treated as described in section 3.2.1. In the case of the screw-top test 

tubes, an amount of sample weighing about 0.1g was added into the digestion tube, which was 

half of the amount used in the standard glass syringe. The standard syringes and the digestion 

tubes were pre-warmed at 39◦C overnight before injecting 30ml rumen fluid-buffer mixture into 

the standard glass syringes and 15 ml rumen fluid in each of the screw-top tubes. Before the 

addition of the rumen-liquor buffer mixture the tubes were bubbled with carbon dioxide. 

Thereafter, the rumen-liquor buffer mixture was added to each of the tube and again the tubes 
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were bubbled with carbon dioxide. Immediately the tubes were closed with the caps with the 

finger closed at the tip of the needle and placed in a rack within the water bath as indicated in the 

picture. In addition to the holes, which are in the rack to hold the digestion tube, the tubes were 

tied with a nylon cable ties (142 mm x 36 mm) at the lower end of the rack.  

 

 

 

Picture 1. Material used for the study 

 

Major finding 

 

One of the problems observed in the process was it was difficult to shake the samples as 

indicated in the procedure. Furthermore, there was a leakage of water into the tubes and was not 

successful as it was hoped. 

 

To overcome the problems observed in the first study, in the second trial, in order to prevent the 

leakage of water and gas, a PTFE thread sealing tape was rolled around the mouth of the 

digestion tube for tight closing of the caps. Furthermore, the needles were properly attached to 

the caps with silicone sealing compound and other gluing materials and were dried for 48 hours 

before use. In this trial, in the standard glass syringes, there were two blanks, two heather 

syringes and two syringes containing the grass sample. The feed samples (heather and grass) 
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were added to each of the digestion tube (0.1g) and were run in triplicate. The rest of the 

procedures were as described in the first trial.  

 

Major finding 

In general, it was observed that there was some increase in the volume of gas produced in the 

screw-top test tubes up to 3 hours of incubation and thereafter the gas production declined, 

possibly because of water vapor accumulation in the plastic syringe put on the top of the long 

needle. 

 

In the third study, in order to improve the shaking process a small ball bearing (9mm diameter) 

was added to screw top test tubes. The rest of the procedures were similar to that described in the 

second trial except the fact that the samples were shaken using a magnetic stirrer from the 

outside. The treatments were control standard syringes (two blank, two grass and two heather 

samples), screw-top test tubes with small ball bearings (one blank, two heather, two grass 

samples) and tubes without a ball bearing (one blank, two heather and two grass samples).  

 

Major finding 

 

Even with this modification the amount of gas produced in screw-top test tubes did not improve 

after the 3 hours of measurement and even it declined thereafter. It was observed on the plastic 

syringes that there was accumulation of droplets of water vapor. 

 

Following the above observations, while all the treatments in Trial 3 were repeated, but to 

conserve heat, a heat insulating material was placed on the top of the water bath. The treatments 

were the standard glass syringes (two blank, two grass and two heather samples); screw-top test 

tubes without the small ball bearings (two blank, two grass and two heather samples) and screw-

top test tubes with small ball bearings (two blank, two heather and two grass samples). With all 

these improvements, it was observed that there was no further gas production after 3 hours of 

incubation. 
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3.2.2.2. Use of 50 ml capacity serum bottles as an alternative to standard glass 

syringes 

 

Three experiments were undertaken to compare 50ml serum bottle with standard normal glass 

syringes. In these studies, the serum bottle were covered with rubber caps and tightened with 

crimp caps. In addition, three methods of gas measurements were followed as shown in Picture 

2. The gas in the first method was measured by piercing the crimp caps with a hypodermic 

syringe needle (20G x 1 inch) attached to a small glass syringe each time the gas was measured. 

The second approach was putting a Luer-lock tap (3-way) attached to the needle pierced into the 

small bottles (hypodermic syringe needles Luer 19G x 1 inch) and each time the gas was 

measured by inserting the glass syringe into the tap and opening the tap to allow the gas in the 

bottle to push the plunger of the syringe; after the measurement of the gas the tap was closed. 

The third method was using a long needle (18G x 1.5 inch) pierced into the serum type reaction 

vials where a rubber tube was attached to the needle and the rubber tube closed with two clips). 

Each time the gas was measured, a small glass syringe with a short needle was inserted into the 

rubber tube and the clips were opened and after making the measurements the clips were closed 

and the syringe with needle was removed. The gas was measured using syringes of 5, 10 and 20 

ml capacity depending on the possible amount of gas that can be produced.   

 

 

Picture 2. Different devices used in the study using 50ml serum bottles. 
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In the first experiment, it was planned to have standard syringes (two blank, two heather and two 

grass samples). The three devices to be tried using two different kinds of feed (heather and grass) 

in triplicate were in a two by three arrangement. Unfortunately, because the volume of rumen 

fluid was not sufficient, the standard glass syringes were compared with the first method, i.e., by 

piercing the crimp caps with a needle (20G x 1 inch) each time the gas was measured. 

Furthermore, one vial from each of the other methods was included for observation purposes.  

 

The amount of the feed sample incubated in each serum bottle was about 0.2g and the rumen 

fluid injected was about 30 ml. The rest of the procedures were similar to the ones described 

above. Moreover, in all of the treatments using 50ml serum bottles, before adding the rumen 

fluid the vials were bubbled with small amount of carbon dioxide, then the rumen fluid was 

added and bubbled with small amount of carbon dioxide and immediately closed with rubber 

tops and crimp caps. Then, the 3-way taps or needles with rubber tubes and clips were 

immediately inserted for two of the methods. 

 

 

In the second experiment using 50ml serum bottles (Experiment 2), the arrangement of this study 

was the same as that of the previous experiment, except the fact that, it was arranged to have the 

control (standard syringes), serum bottles vials with three different methods of measuring the gas 

produced and two different types of feed (grass and heather) and they were run in triplicate. The 

treatments were:  

 

a. Control standard syringes (two blank, two heather and two grass) 

b. Piercing the crimp-cap septum with the needle each time (two feeds in triplicate) 

c. Luer-lock 3-way tap (two feeds in triplicate) 

d. Long needle with rubber tube and clips attached (two feeds in triplicate) 

 

 
Following the observations made in the second experiment, in the Experiment 3 the needle used 

with the 3-way Luer-lock tap was changed to 20G x 1 inch and the needle previously used for the 

tap (19G x 1 inch) was used for measuring gas by piercing the septum each time. The treatments 

were the same as the above except that they were run in duplicate. 
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Some preliminary observations were also made on the use of 50ml serum bottles for measuring 

gas for wet or fresh samples. About 30 minutes before the rumen liquor-buffer was added, grass 

was harvested from the Macaulay Institute grounds, and was placed in plastic bag which was 

closed. The fresh samples were ground using mortar and pestle. About 0.67g of the fresh sample 

was weighed into each 50ml serum bottle, which had been previously flushed with carbon. The 

bottle was capped with a rubber stopper and opened for further flushing with CO2 and the 

addition of rumen fluid-buffer mixture. The bottle was flushed again with CO2 and capped with a 

rubber septum, held in place with a crimp cap. The three methods of collecting the gas were each 

tested in duplicate and the rest of the procedures were similar to that described in Experiment 3. 

 

Major findings 

 

In all the studies, the preliminary analysis revealed that, the average total volumes of gas 

produced in the three different methods (Heather- piercing = 26 ml, Heather- Luer-lock tap = 26 

ml, Heather- long needle = 23.5 ml; Grass- piercing = 45.7 ml, Grass - Luer-lock tap = 45.8 ml, 

Grass-  long needle = 46.2 ml,)  were comparable to the volumes of gas  produced in the standard 

glass syringes (Heather = 27 ml, Grass = 46 ml), indicating that it is possible to replace the 

standard syringes with the 50ml serum bottles, using various  methods of measuring the gas 

production. The methods using the serum bottles are much cheaper than the standard glass 

syringes and also economical in terms of the space that the serum bottles occupy with minor 

improvements in the type of rack and the needles to be used.    

 

In the study it was also shown that it is possible to measure the gas production of wet samples 

and the three different methods were comparable in terms of the amount of total gas they 

produced (piercing = 35.4 ml, Luer-lock cap = 34 ml,, Long needle = 32.25 ml). 
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3.2.2.3. Effect of polyethylene glycol (PEG) on in-vitro gas production of heather (Calluna 

valgaris), bilberry (Vaccinum mytillis) and English oak (Quercus robur)  

 

For this study, the standard glass syringes were used. Heather and bilberry leaf samples were 

brought from areas surrounding the Cairn O’Mount at Glensaugh Research Station in 

Aberdeenshire and that of oak leaves from the grounds of the Macaulay Institute. The heather 

and bilberry samples were harvested using clippers and the leaves of oak tree were hand-

harvested. The plants (mainly the leaves and the twigs) were oven-dried at 60oC for 72 hours and 

standard methods were used to further process the feed samples. The feed samples were ground 

to pass through 1 mm sieve. The heather and bilberry feed samples were run in duplicate in the 

presence of (30, 60, 90, 120, 150mg) of PEG (MW 8000) and without the PEG (control). In the 

case of oak tree, an additional treatment of 180 mg of PEG was included in addition to the ones 

used for bill berry and heather. In addition, to the presence of blanks, there were 2 syringes 

containing grass samples.  

 

Major findings 
 

 

The total volume of gas produced by oak leaf was higher with the inclusion of PEG than with the 

non-inclusion of PEG (without PEG = 22.5 ml; with inclusion of PEG = 27-32 ml). There was no 

improvement in total gas production by the inclusion of PEG on the heather sample while the 

total gas produced was improved by the inclusion of PEG on bilberry (without PEG = 30.5 ml; 

with inclusion of PEG = 31-37 ml). 

 

 

3.3. Financial and other Report 

 

All the funds allocated from the Fellowship were spent and there is nothing to be returned to the 

Trust. 
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4. OUTPUT AND LESSONS LEARNED FROM THE FELLOWSHIP  

 

 
The Fellowship had the following important outputs: a) The researcher was acquainted and 

trained with different principles, techniques and materials used in studying the nutrition of 

grazing animals with particular reference to n-alkanes, fatty alcohols, fatty acids and gas 

production; b) Least-cost solvents for the extraction and analysis of n-alkanes and fatty alcohols 

that can possibly be used in developing countries were identified and; c) Although it requires 

further studies with wide range of feed samples, it was shown that the standard glass syringes 

used in gas production measurements can be replaced with 50ml serum bottles with many added 

advantages such as the reduction in space compared with that occupied by large glass syringes, 

the ease of handling and the substantial reduction in the cost of materials. It was also learned that 

with some care in the procedure, gas production from wet samples can be determined using the 

50ml serum bottles. In general, in both the plant wax-marker analysis (n-alkanes, fatty alcohols 

and fatty acids) and determination of gas production, it is clearly demonstrated during the 

Fellowship that substantial improvements can be made which helps their use under the context of 

the developing countries.       

 
 

5. APPLICABILITY UNDER THE ETHIOPIAN CONTEXT 

 

 

The improvements made in gas production techniques such as replacing the standard glass 

syringes with 50ml serum bottles can be directly used under the Ethiopian context which is much 

cheaper than the standard glass syringes. 

 

With regard to the analysis of n-alkanes and other compounds part of the laboratory analysis 

(extraction and purification)  can be done in Ethiopia and the remaining analysis by gas 

chromatography could undertaken elsewhere in an institution with access to a gas 

chromatograph, such as the Macaulay Institute, Aberdeen, through collaborative research. 
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