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Micro-Extraction Method with Gas Chromatography
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Abstract

A rapid and simple method for the quantitative determination of volatile fatty acids (VFAs; propionic acid, n-butyric acid, 
i-valeric acid and n-valeric acid) and indoles (phenol, p-cresol, 4-ethyl phenol, indole and skatole) in pig slurry and dog 
excrement using solid-phase micro-extraction (SPME) coupled to gas chromatography was evaluated. 50/30 ㎛ 
DVB/CAR/PDMS (Divinylbenzene/Carboxen/Polydimethylsiloxane) fiber was used to extract the target compounds in 
aqueous media. Sample amount and adsorption time was standardized for the routine analysis. Detection limits were from 0.11 
to 0.15 ㎍/L for VFAs and from 0.12 to 0.28 ㎍/L for indoles and the correlations observed (R2) were 0.975～1.000. This 
method was applied to the pig slurry, fertilizer, compost and dog excrement. In nearly all cases, the indoles were detected in 
concentrations of higher than their limits of detection (DOLs). But the VFAs in swine manure were below their DOLs. 
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1)1. Introduction

The scale-up of intensive swine production in the 

countryside and the raised level of local 

communities’ awareness of environment problems 

were resulted in a rapid increase of civil complaints 

about malodor (Yang et al., 2014) and these had 

serious effects on the livestock management (Heber 

and Bogan, 2006). In addition, as the raising of pets 

indoors have increased with the gentrification of 

apartments, the deterioration of indoor air quality 

from animal excrement is enhancing the concern of 

offensive odors. 

Most frequent complaints related to animal 

production are the odor annoyance from neighbors 

near swine facility and a lot of research have been 

carried out actively on the compounds causing the 

odor complaints (Ni et al., 2012) and odor emission 

rates of the swine housing (Schauberger et al., 2013). 

On the other hand, few cases of clarification on the 

odorants from pets raised indoor are published in 

literatures (Mitsuda et al., 2012). More than 136 

compounds including nitrogen compounds, volatile 

organic acids (VFAs) and reduced sulfur compounds 

(Hydrogen sulfide, mercaptans and sulfides) were 

found in the odors produced by livestock (Hartung 

and Phillips, 1994). Each compound has different 

physicochemical property and control method. 

Currently, Korean government regulates 22 odorous 

compounds with the Offensive Odor Control Law. 
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Compound Formula MW
Density
(g/cm3)

m.p. b.p.
Solubility in 

water(g/100g)

Propionic acid C3H6O2 74.08 0.999 -22.0 141.0

n-Butyric acid C4H8O2 88.11 0.959 -5.7 163.5

n-Valeric acid C5H10O2 102.14 0.939 -34.5 187.0 3.7 g

i-Valeric acid C5H10O2 102.14 0.928 -37.6 176.5 4.2 g

Phenol C6H6O 94.11 1.070 40.5 181.7 8.3 g

p-Cresol C7H8O 108.13 1.045 35.5 201.8 2.4 g

4-Ethyl phenol C8H10O 122.16 - 41.0 218 Sparingly soluble

Indole C8H7N 117.15 1.175 53 254 0.19 g

Skatole C9H9N 131.7 - 95 265 Sparingly soluble

Table 1. Physical properties of lower fatty acids and indoles

Among these, ammonia, four sulfur compounds, four 

volatile organic acids and trimethyl amine are those 

related to the livestock production facilities (Lee et 

al., 2013), mostly contained in the animals’ excrement 

odor. And in case of swine excretion, indoles are also 

included (Hobbs et al., 1998; Willig et al., 2004).

Recently, as a method to reduce the malodor in the 

swine housings, subsidiary ingredients such as 

microorganisms are added to the feed in some cases 

(Hobbs et al., 1996; Leong et al., 2011; Ábalos et al., 

2000). To confirm the effect of deodorant, the 

importance of measurement method for indoles and 

organic acids, which are the key odorants in swine 

excretion, has been emphasized (Yu et al., 2013;  

Rahman and Kim, 2013). Until now, the analysis of 

VFAs and indoles in the aqueous solution has been 

conducted either through liquid-liquid extraction or 

using GC or HPLC after the concentration by 

distillation (Jensen and Jensen, 1994). However, 

there is no case that the fixed quantity of VFAs and 

indoles in animal excrement was determined 

simultaneously and rapidly. 

Meanwhile, SPME (solid-phase microextraction) 

technique was developed as a simple and cheap 

method to analyze various compounds and cases 

applying this technique in the various fields have 

been introduced in the literatures (Lambropoulou et 

al., 2007). Some case studies on the malodor 

chemical analysis of the dust in hog barns were also 

published (Cai et al., 2006). Generally, VFAs or 

indoles analysis with SPME has a problem of having 

two different methods which target either VFAs 

(Cruwys et al., 2002) or indoles. In other words, there 

is no case study that determined the concentrations of 

VFAs and indoles in the animal excrement 

simultaneously by SPME. 

In this study, a method that can analyze both 

volatile organic acids and indoles in aqueous solution 

quickly and simultaneously using SPME technique 

was developed. And  determination of key odorants 

in the swine slurry, liquefied fertilizer, compost and 

the dog feces was carried out. 

2. Materials and methods

2.1. Reagents and SPME

The volatile fatty acids employed in this study 

were propionic acid, n-butyric acid, n-valeric acid 

and i-valeric acid, and in addition, 5 indoles (phenol, 

p-cresol, 4-ethyl phenol, indole and skatole) were 

studied. These compounds were purchased from 

Sigma-Aldrich (Seoul, Korea) at the highest purity 

available. Physical information of these odorants are 

shown in Table 1. 
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Description Condition

Column HP-FFAP (50 m × 0.32 mm × 0.52 )

Column condition 120 (1 min) 8 /min 250 (12 min)

Temperature Injector Temp. : 230 . Detector temp : 250 

SPME 
Concentration time : 15 min

Desoption time : 7 min

Table 2. Experimental condition for GC/FID

SPME used in this study was a manual type (gray 

color) of 50/30 DVB/CAR/PDMS fiber which was 

purchased from Supelco (Sigma Aldrich, Korea). The 

SPME fiber was inserted in the inlet port of a gas 

chromatograph (HP 5890, USA) before use to clean 

contaminated materials in the fiber according to user 

manual of SPME. 

2.2. Preparation of standard solution and 

calibration line

For the preparation of calibration line, about 0.09 g 

of each of 5 indoles was weighed exactly and then 

taken in a 100 mL of mass flask. As shown in Table 

1, the standard stock solutions of 4-ethyl phenol and 

indole which are insoluble in water were made by 

dissolving them in 1.0 mL of ethanol and 

subsequently adding distilled water to make total 100 

mL. And other indoles that are water soluble were 

diluted with pure water to make 100 mL standard 

stock solutions. For 4 VFAs, 50.0 of each VFA 

was weighed and taken in a 100 mL mass flask and 

the water was added to make 100 mL. The standard 

working solution was prepared by diluting the 

standard stock solution step-by-step for each step. 

Adequate amounts of the diluted standard working 

solutions were mixed to make standard mixed 

solutions. And 5.0 mL of each mixed solution was 

taken in a 40 mL vial for the standard solution for 

preparation of a calibration line. After addition of 1.5 

g of NaCl in each vial, the vial was put on a hot plate 

set at 50 . And then, the SPME fiber was injected 

in the vial to concentrate VFAs and indoles for 15 

min. The fiber concentrated with VFAs and indoles 

was inserted into the GC inlet port for 7 min, and 

subsequently the target compounds were desorbed 

into the gas chromatograph column and analyzed. 

The analytical condition of GC is shown in Table 2. 

2.3. Analysis of field samples 

It was tried to apply this rapid and simultaneous 

analytical method of VFAs and indoles to measure 

the odorants in pig slurries, liquid fertilizer and 

compost which are the cause of malodors from 

composting facilities of swine manure. Each 5.0 mL 

of the liquid phase samples obtained from swine 

slurry and fertilizer was taken into the 40 mL vial. In 

case of the solid phase samples, the composts, which 

were taken at 3 points of the swine compost facility, 

about 1.3 g of the sample was weighed accurately 

and added into the vial. According to the same 

method described previously in 2.2 for the preparation 

of calibration line, VFAs and indoles in these liquid 

samples were analyzed quantitatively. After desorption 

of odorants, the SPME fiber was taken out from the 

GC inlet port. 

The VFAs and indoles in excrement of 6 Beagle 

dogs, which are a common type of pet raised indoor 

in Korea, were measured. The samples from dog 

excrements were taken right after, 3 days after and 7 

days after feeding the feed added with deodorizing 

agent. Because dog excrement is in solid phase with 

very low water content, 1.3 g of it was collected and 

weighed precisely before putting it in a 40 mL vial 

and then 5.0 mL of distilled water was added to it. 
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Compounds Calibration line R2 LOD(ug/mL) LOQ(ug/mL)

VFA

Propionic acid y = 485 x + 57600 0.995 0.13 0.42

n-Butyric acid y = 257 x + 10300 0.994 0.13 0.44

i-Valeric acid y = 790 x - 8200 0.996 0.11 0.35

n-Valeric acid y = 595 x + 87300 0.983 0.15 0.49

Indoles

Phenol y = 1717 x + 86600 0.975 0.28 0.93

p-Cresol y = 3665 x + 135000 0.983 0.23 0.76

4-Ethyl phenol y = 16505 x + 898000 0.982 0.23 0.77

Indole y = 17787 x + 604000 0.994 0.13 0.45

Skatole y = 49060 x + 467000 1.000 0.12 0.41

R2 = correlation coefficient.  LOD = limit of detection.  LOQ = limit of quantitation.

Table 3.  Calibration equations of standard volatile fatty acids and indoles

Fig. 1. Calibration lines of volatile fatty acids by SPME and GC/FID.

The vial was shaken thoroughly to make it into 

complete slurry and analyzed by using the same 

method as swine slurry. 

3. Result and discussion

3.1. Preparation of calibration lines 

Correlation coefficient R2, which was obtained 

from analysis of four types of volatile fatty acids and 

five types of indoles showed excellent linearity of 

0.975 1.000, which is presented in Table 3. To 

calculate limit of detection of each volatile fatty acid 

and indole, standard deviation (Sb) of linear regression 

obtained from each standard solution was calculated. 

Limit of detection (LOD) of each compound was 

obtained by multiplying 3 to each standard deviation 

(3×Sb) and limit of quantification (LOQ) was from 

10 times of each Sb (10×Sb) (Yu et al., 2010; 

Godayol et al., 2011). 
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Fig. 3. Chromatogram of VFAs and indoles in one of standard working solutions by SPME and GC/FID analysis.

Fig. 2. Calibration lines of indoles by SPME and GC/FID.
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Compounds
Amount of VFAs or indoles ( /mL)

Average( /mL) RSD(%)
1st 2nd 3th 4th 5th

Propionic acid 256.2 272.7  227.6  248.4  244.6 249.9 ± 3.8 1.5

n-Butyric acid 229.7 228.5 224.4 225.8 224.0 226.5 ± 1.6 0.7 

i-Valeric acid 255.6 244.1 232.0 239.4 236.8 241.6 ± 2.9 1.2 

n-Valeric acid 284.4 290.1 255.5 260.8 257.2 269.6 ± 4.2 1.6 

Phenol 99.1 99.7  103.8  100.9  101.6  101.0 ± 1.3 1.3 

p-Cresol 80.7 81.3 77.0 70.4 66.6 75.2 ± 2.6 3.5 

4-Ethyl phenol 71.4 64.5 58.9 47.7 44.3 57.4 ± 3.4 5.9 

Indole 75.4 58.2 60.0 44.0 40.0 55.5 ± 3.7 6.6 

Skatole 73.2 60.2 56.1 46.0 44.1 55.9 ± 3.3 5.9 

RSE: Relative standard deviation

Table 4. Relative standard deviations of volatile fatty acids and indoles  

Sample
Concentrations of Indoles(mg/L)*

Phenol p-Cresol 4-Ethyl phenol Indole Skatole

Swine slurry #1 2.5 12.5 1.0 n.d. 0.2

Swine slurry #2 0.7 0.4 n.d. n.d. n.d.

Liquid fertilizer #1 8.1 13.9 4.2 1.1 1.2

Liquid fertilizer #2 10.3 35.2 5.8 n.d. 1.5

Swine compost #1 0.9 6.8 1.9 0.3 0.2

Swine compost #2 2.5 2.2 n.d. 0.2 0.5

Swine compost #3 0.6 0.4 n.d. n.d. n.d.

*n.d means below LOD

Table 5. Concentrations of indoles in pig slurry, liquid fertilizer and compost

LODs based on measurements of each VFA were 

0.13 for propionic acid; 0.13 for n-butyric acid; 

0.11 for i-valeric acid; and 0.15 for n-valeric 

acid, which are higher than double of the LODs 

reported by Ábalos et al. (2000), and indoles were, 

phenol 0.28 ; p-cresol 0.23 ; 4-ethyl phenol 0.23 

; indole 0.13 ; and skatole 0.12 , respectively. 

Volatile fatty acids and indoles showed very close 

LODs in this experiment. The calibration lines of 

each VFA and indole are shown in Fig. 1 and Fig. 2, 

and the typical example of gas chromatogram 

obtained to make the line is presented in Fig. 3.   

3.2. Reproducibility 

The reproducibility of this method was studied by 

performing the solid-phase microextraction of five 

standard solutions spiked at concentrations within the 

range of  each calibration line. Standard deviations 

were between ±1.3 /mL and ±4.2 /mL from 

average values, and relative standard deviations ranged 

from 0.7% to 1.6% for VFAs and from 1.3% to 6.6% 

for indoles as shown in Table 4.  

Although VAFs showed slightly lower RSD than 

indoles, it is generally known that their concentrations 

in manure range from several ppm to hundreds ppm 

(Jensen and Jensen, 1994; Hobbs and Pain, 1996). 

Therefore, SPME method appears to be useful for  

determining the concentrations of VFAs and indoles 

in odors from dog excrement and  pig slurry. 

3.3. Analysis of field sample

3.3.1. Pig slurry, liquid fertilizer and compost 

VFAs in pig slurry, liquid fertilizer and manure 

compost were measured to be below the LODs. 
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Fig. 4. Chromatogram of VFAs and indoles in dog excrement.

Sample
VFAs( /g)* Indoles( /g)

PA n-BA i-VA n-VA Phenol Indole

0 day

#1 29.2 317.5 48.9 n.d. 5.0 3.8

#2 n.d. 87.5 27.7 n.d. 1.9 2.0

#3 n.d. 1380.6 47.5 n.d. 11.9 8.6

#4 n.d. 136.1 32.2 n.d. 6.4 3.1

#5 14.5 243.0 64.5 n.d. 5.4 6.1

#6 1.6 49.1 60.6 100.3 2.3 3.3

3 day

#1 67.4 257.5 88.5 n.d. 1.1 1.4

#2 235.6 904.0 147.5 n.d. 3.1 1.5

#3 234.8 830.2 117.9 n.d. 3.4 3.4

#4 264.5 750.7 145.6 n.d. 5.5 2.9

#5 360.4 1261.6 167.8 n.d. 2.4 2.5

#6 241.2 847.0 247.6 185.0 4.4 6.4

7 day

#1 391.1 964.0 226.3 129.2 13.3 2.3

#2 92.2 966.1 207.8 88.1 6.2 2.0

#3 218.5 997.6 215.4 n.d. 12.4 6.9

#4 208.0 493.5 155.1 n.d. 3.1 4.8

#5 516.9 1118.3 244.5 n.d. 2.4 1.3

#6 59.6 707.6 135.5 n.d. 5.6 1.5

*n.d. means below LOD

Table 6. Concentration of VFAs and indoles in dog excrement

However, as for indoles, all of the five types of 

indoles were found as shown in Table 5, and these all 

showed slightly higher concentrations in liquid 

fertilizer than in slurry or compost. As similar to the 

report of Hwang et al. (2013 a), p-cresol showed 

higher concentration than other four indoles. The 

reason that VFAs were not detected in swine slurry, 

fertilizer and compost is supposed that VFAs, which 

are highly volatile, were volatilized during the 

fertilization process of swine manure. 

3.3.2. Analysis of VFAs and indoles in dog 

excrement

Table 6 shows the measured concentrations of 

VFAs and indoles contained in dog excrement. And 

Fig. 4 includes an example of gas chromatogram 

obtained during the measurement. As shown in this 
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figure, the peaks of VFAs, p-cresol and skatole were 

observed. 

It can be found that concentration of n-butyric acid 

is higher than other VFAs in dog excrement, and that 

concentrations of VFAs were higher in the manures 

collected 3 or 7 days later than in one collected 

immediately after feeding the feed added with 

deodorizing agent. The odor caused by fatty acids 

seems to have increased with passage of time after 

consuming the feed added with deodorizing agent. In 

general, with comparison to concentrations of VFAs 

in swine slurry reported by Hwang et al. (2013 b), the 

concentrations of n-butyric acid in dog excrement 

were more than those of  propionic acid. For indoles, 

unlike swine manures, only phenol and indole were 

detected. It is expected that the reason of concentrations 

of VFAs in fresh dog excrement were higher than 

those of indoles is that VFAs are more volatile than 

indoles and therefore, were more concentrated in 

fresh manure. 

3. Conclusions

The quantitative analysis of VFAs and indoles in 

swine slurry, liquid fertilizer and manure compost, 

and dog excrement by SPME has the advantages that; 

1) result can be obtained in a simple and faster way, 

in comparison to concentration by conventional 

extraction or distillation; and 2) VFAs and indoles, 

which are the key odorants in animal excrement, can 

be analyzed simultaneously. 3) As pointed out by 

Kim and Szulejko (2013), this method has poor 

detection limits of VFAs because of lower recovery 

yields than extraction method, due to high solubilities 

of VFAs, and is not suitable for VFAs sample with 

low concentrations. However, for indoles, the 

concentrations were higher than LODs in swine 

manure and dog excrement, which proved its utility 

as fast simultaneous analysis method. It seems 

necessary to conduct close examination in order to 

find out why VFAs were not detected in the samples 

obtained from process of fermentation of swine 

slurry.  
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