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here are numerous trace volatile organic

compounds (VOCs) produced from crop and

livestock sources, some of which are quickly

identified by the olfactory senses as you pass

through the countryside. Not all are malodorous, but

most can offer an insight into processes mediated by

microbes and plants that nearly always produce

VOCs. Although VOC emissions can be detrimental

to the global environment, IGER has demonstrated

that the measurement of selected volatile species can

provide a quantifiable evaluation of status or sub-

clinical health conditions of livestock and crops.

Selected VOCs can be considered indices of the

quality of microbial or plant-mediated processes. 

Livestock health

Ketosis occurs in cattle during stressful times.

Ketosis involves the animal using its bodily energy

reserves and it can be detected by the presence of

acetone on the breath. Detection of sub-clinical

ketosis by monitoring breath samples, e.g., from

cows showing signs of decreased milk yields, will

benefit both the farmer and the cow through early

veterinary intervention. 

The digestive processes of livestock can be

investigated by observing changes of a group of

trace gases that include various sulphides, fatty acids

(C2 to C6), phenols and indoles from fresh manure.

By modification of pig diets, we have been able to

suggest a means of reducing trace gases that cause

the greenhouse effect and acid rain. 

Faecal odours 

The pig produces, arguably, the most unpleasant

manure odours. Odorous compounds present in fresh

manure reflect the dietary balance for pigs and can

rapidly identify health status. The extent to which

protein is digested can be determined from

monitoring VOCs, which mostly originate from

deamination of undigested amino acids (Table 9.1).

The odour is often the result of too much undigested

or crude protein in the diet that can also increase urea

content of urine. This is wasteful in a number of

respects. There is inefficient conversion of feed

protein into animal products; it results in pollution of

the environment – urea, ammonia, VOCs – and the

pig requires more energy to excrete unwanted food.

The solution is to provide a diet that more closely

matches the nutritional requirements of the animal.

Our faecal studies revealed that, when monitoring

the impact of modified diets on odour emissions, the

sex and age of the pig was significant. For example,

finishing pigs produced more odorous manure than

weaning pigs, but both contain sulphides, volatile

fatty acids, phenols and indoles. In addition, we have

noted that position of the pig pen (in relation to that

of others) can have a significant effect on odour and

VOCs emitted. As scientists we can use

sophisticated equipment to monitor the individual
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Table 9.1 Protein-derived amino acids as sources of

odour after deamination

Amino acid Odorous compound(s)

Tryptophan Indole & skatole

Tyrosine Phenols

Methionine & cysteine Sulphides

Phenyalanine Phenols & 

Phenylpropionic acid

Histidine Butyric acid & 

Dihydroskatole
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pig for dietary and health needs, but a VOC

monitoring sensor needs to be developed that

provides rapid results at a reasonable cost for more

widespread applications in farming.

Better quality compost 

Trace volatile emission profiles are indicators of

complex biological processes, which means that they

may be used as a tool for making management

decisions. Bad odours originating from the

production of compost (Figure 9.1) that uses straw,

gypsum and chicken manure (as a nitrogen source)

were a problem for the mushroom industry.

Composting needs to be well managed, especially

with large outputs of about 1000 tons per week. 

Scientists at IGER (in collaboration with Prof. Ralph

Noble at HRI, Wellesborne) have helped to improve

compost quality by using advanced analytical

instrumentation in order to detect both odorous and

non-odorous VOCs at parts-per-trillion

concentrations. We monitored the 26 VOCs that

relate to the processes occurring in the different

decay stages. A relatively small number of chemical

compounds were responsible for the offensive

composting odours, notably hydrogen sulphide,

dimethyl sulphide and butanoic acid. In many cases,

the local authorities were threatening to enforce

compulsory closures of composting sites because of

odour complaints. By adopting our

recommendations to improve composting processes,

odour nuisance was reduced, and closure was

avoided because complaints declined by 90%. Other

composting processes are likely to benefit from the

research, especially as an alternative to landfill.

There is a continuing legislative need to ensure that

odour pollution is minimised and that the finished

compost is of the highest quality.
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Figure 9.1 Odour sampling from compost used to grow mushrooms
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Grassland and crop emissions

Perhaps one of the most interesting areas to emerge

from recent investigations is crop protection and

health. Trace VOC emissions occur mostly from

plants that have been damaged. If grasses are cut

they emit C6 compounds that include alcohols,

aldehydes and esters e.g., cis-3 hexenal (Figure 9.2).

Such compounds are difficult to detect, but are

important because of

their anti-microbial

properties. VOC

detection provides us

with the ability to

monitor and potentially

determine disease

resistance of stressed

crops. Emissions vary in

intensity and VOC

profiles from one species

to another (Table 9.2). 

These techniques will also allow us to assess the

susceptibility of a grass type to recovery from

grazing from different types of livestock or

harvesting methods. Formation of ‘wound’ VOCs

are much higher during activities such as grass

cutting and hay crop harvesting, and during leaf

drying. We estimate that 0.36 to 2 million tonnes of

VOCs are released during the harvesting period for

grass silage in the UK. 

Emissions from UK arable crops are very small.

However, oil seed rape emissions need further

investigation as they contain isothiocyanates, which

are antagonistic to the skin. VOC emission rates are

affected during different growth stages, but are often

greatest during flowering. Higher emissions also

occur during leaf senescence for major crops such as

corn, wheat and soybean. VOCs from maize may be

significant for creating ozone in dairying regions

such as the South West of England. The diurnal and

seasonal emission fluctuations can be attributed to

changes in temperature and solar radiation. Future

work includes investigating the VOC emissions from

crops receiving increasing quantities of nitrogen

fertiliser and manure.
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Table 9.2. Principle volatile organic compounds emitted 

from ryegrass and clover

Ryegrass White clover

2-Methyl hexane, 3-Methyl 3-hexenal, 2-hexenal, 

hexane, Methyl cyclohexane, 2-hexen-1-ol, 3-hexen-1-ol,

3-Hexen-1-ol, 3-Hexen-1-ol 3-Hexen-1-ol acetate and 

acetate, 2-methyl Octane, 3-hexenyl acetate

3-hexenal, 2-hexenal, 2-hexen-1-ol,

and 3-hexenyl acetate

Figure 9.2 Grazed and cut grass release VOCs
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Consequences for the environment 

We are beginning to understand the complexity of

how emissions from agriculture interact with the

atmosphere. The approach of using VOCs as

indicators can be adapted to address many issues that

relate to developing sustainable agriculture. Many

approaches involve using artificial neural networks

to analyse complex data sets. For example, a series

of complex reactions involving VOCs, nitrogen

oxides and methane, are responsible for producing

ozone at ground level in the presence of sunlight.

Ozone can persist for several days and be transported

long distances. Ozone damages plants and crops and

causes irritation to the eyes and nose and lung airway

lining. Concentrations of ozone in rural areas have

recently been reported to sometimes exceed those

measured in urban areas. We have successfully

identified a model that can predict the concentration

of ozone from trace gas concentrations and climatic

conditions (Figure 9.3) in selected crops. The model

demonstrated that as the nitrous oxide content

declines then the ozone concentration increases.

Some results were unexplained and we need to

determine the effect of trace VOCs that are known to

be involved with ozone generation. 

Conclusions

We have resolved the major cause of malodour from

compost, the effect of diet on odour from pig excreta,

the relationship between plant health and damage

status and VOC emissions, and the diagnosis of pre-

clinical health stress on ruminant livestock. Evolving

mathematical solutions and artificial intelligence

techniques, have provided us with new insights into

the formation of ozone in association with crops. 

These findings offer numerous exciting applications

to which VOC emission profiling can be applied. 

Contact: phil.hobbs@bbsrc.ac.uk
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Figure 9.3 Predicted ozone changes over a period of hours in a Maize field in August 2000
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