
Volatile organic compounds (VOCs) are important 

chemicals involved in the communication of plants and 

animals. They can have unintentional releases (che-

mical cues) or can serve evolved functions (chemical 

signals) in recognition, sexual attraction, or predator 

deterrence between specimens. Several recent stu-

dies have shown the particular utility of volatile orga-

nic compounds (VOCs) for detecting health disorders 

(1-3, 9-14).

Investigations of the human VOCs from the skin, 

in a metabolomics context (volatolomics), are useful 

both for the identification of individuals (as in forensic 

science) and for the understanding of the relations be-

tween human hosts and mosquitoes or microflora on 

the skin (4-6). The human cells, the resident skin 

microflora, and external factors affecting the abun-

dance and distribution of skin microbiome have strong 

effects on the VOCs from the skin (7, 8).

The application of volatolomics could be extended 

to the study of the VOCs emitted from the skin of farm 

animals as a non-invasive, rapid and cost-effective 

tool for monitoring their health status. We previously 

presented the volatility distribution of the VOCs re-

leased through respiration or emitted from feces, by 

cows in farms from different locations in Romania. 

Here we present the results on the VOCs emitted by 

cows through the skin.

MATERIALS AND METHODS

Ten healthy cows from three cattle farms across 

Romania, namely 2 from Bistrița Năsăud, 4 from Râm-

nicu Vâlcea and 4 from Constanța counties were selec-

ted. A specially designed funnel was placed on the skin 

of the animal after removing the hair (Fig. 1).

The funnel was connected through a Tygon tube to 

a small, portable and settable vacuum pump that 

forced the gases to pass through a biological PTFE fil-

ter and through a Tenax tube that captures the VOCs. 

The Tenax tubes contain a porous polymer sorbent 

that can adsorb compounds with medium to high boi-

ling points, has a low background and is hydrophobic, 

so that it does not adsorb humidity, which is usually 
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 Analiza volatolomică deschide noi posibilități pen-

tru studiul sistemelor biologice. În această lucrare s-a 
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colectarea, stocarea, transportul și analiza probelor. 
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high in the gaseous emissions of animals. 

The Tenax tubes were stored and transported at a 

low temperature of 4 °C. 

Fig. 1. The sampling of VOCs emitted through 

the skin of farm cows

Analysis techniques such as ion mobility spectro-

metry and gas chromatography were found to be 

suitable for the detection of human skin volatiles (9, 

10). A 6890N gas chromatograph (GC) from Agilent, 

with an HP5-MS column (30 m x 250 mm x 0.25 mm), 

was used for chromatographic separation of volatile 

organic compounds. The VOCs trapped in the Tenax 

tubes were thermally desorbed in a laboratory- de-

signed system. This consists of a small electric furnace 

connected to a temperature controller, which allowed 

precise programming of the heating rate and the final 

temperature. The volatile compounds desorbed from 

the Tenax tubes were concentrated on a solid-phase 

microextraction (SPME) fibre, from which they were 

thermally desorbed in the injection port of the gas 

chromatograph, for analysis.

RESULTS AND DISCUSSIONS

The gas chromatographic analysis showed the 

presence of about 80 volatile organic compounds emi-

tted through the skin of cows. This is a much lower 

number compared with about 100 VOCs in exhaled 

breath samples and about 130 VOCs released from fe-

ces. The abundance scale of chromatograms shows 

that the intensity of signals, which is proportional to 

the concentration of compounds in the sample, is 

much lower compared with the samples from breath 

and feces. About 50–65 % of the total area of the chro-

matogram is represented by the two main com-

pounds, with retention time of about 7.6 and 7.7 min 

(compounds marked with “*” in Fig. 2). This is higher 

than for exhaled breath or feces. Fig.2 shows the chro-

matograms of three samples, one from Râmnicu Vâl-

cea, one from Bistrița Năsăud and one from Constan-

ța. Although the chromatograms look similar, some 

differences could be observed between samples. For 

example, the compounds with retention time of about 

8.7 and 11.5 min. (compounds marked with “+” in Fig. 

2) were found in higher amounts in the sample col-

lected from Bistrița Năsăud (b), while the sample from 

Constanța (c) had lower amounts of heavier com-

pounds. There are also differences in the relative a-

mount of various compounds along the chromato-

grams.

The retention times of normal paraffins, from n-C  6

(hexane) up to n-C  (hexadecane), marked in blue in 16

Fig. 2, are used as standard values for the volatility 

range. The volatility range of compounds, based on 

the boiling points of normal paraffins, is presented in 

Fig. 3. The volatility range of normal paraffins decrea-

ses with increasing molecular weight of the molecule.

The compounds in the chromatograms leaving the 

column before a normal paraffin n-C  but after the pre-x

vious normal paraffin n-C  have the boiling point, and x-1

consequently the volatility, in the range of the two 

normal paraffins, and are regarded as having the car-

bon number “x”. The sum of peak area percentage of 

all compounds in the n-C  – n-C  range of retention x-1 x

time is graphically represented versus the carbon 

number, “x”. The obtaining curve (Fig. 4) is called np-

gram (np- standing for normal paraffins) and is an ea-

sy way to describe the volatility distribution of com-

pounds in a mixture. 

The np-grams in Fig. 4 show the average of the va-

lues determined for the samples in each region in Ro-

mania, that is 2 samples from Bistrița Năsăud, 4 from 

Râmnicu Vâlcea and 4 from Constanța, as well as the 

range of these values (minimum and maximum) for 

each region. It was found that the VOCs emitted by 

cows through skin are distributed in the range of n-C  – 6

n-C , which corresponds to boiling point range of 36 – 17

302°C. All three np-grams had a peak of about 62–68 

% at n-C , which, according to Fig. 2 and Fig. 3, co-10

rresponds mainly to the compounds marked with “*” 

around 7.6 and 7.7 min in the chromatograms, that 

have the volatility in the range of 151–174°C.Amounts 

of about 6–10 %, were found at n-C  and n-C , and 11 12

slightly lower at n-C , having the volatility in the range 9

of 174–196, 196–216 and 126–151 °C, respectively. 
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Some significant differences could be observed a-

mong samples collected from various regions in Ro-

mania. For the case of Râmnicu Vâlcea, the peak at n-

C  is taller and shows higher variation among collec-10

ted samples, as indicated by the dotted red segments 

representing the range of calculated values. These 

samples also had slightly lower amounts of com-

pounds at n-C . The samples from Bistrița Năsăud had 11

a slightly higher amount of compounds at n-C  and a 6

slightly lower amount of compounds at n-C , while the 9

samples from Constanța had slightly more compounds 

at n-C  and slightly fewer compounds at n-C .7 12

CONCLUSIONS

VOCs emitted by cows through the skin were col-

lected from 10 animals in farms from three regions in 

Romania. Around 80 organic compounds were found, 

less than from feces or respiration, with volatility in the 

range of boiling points from 36 to 302 °C. Two main 

compounds were found at n-C , having the boiling 10

point in the 151–174 °C range. Some differences were 

found between samples collected in different regions 

of Romania.
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