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Abstract: A simple, efficient and environmentally friendly method has been established for the analysis of organic 

components in wood vinegar (WV) by dispersive liquid-liquid micro-extraction based on solidification of floating organic 

droplet (DLLME-SFO) coupled with GC/MS. Several variables that affect the extraction efficiency, including the type and 

volume of the extractant and dispersant, extraction time and the mass fraction of sodium chloride were optimized. Under the 

optimum conditions, the sample extracted were analyzed by GC/MS. The result shows that, apart from the main component of 

acetic acid, many kinds of ketone compound, phenol compound, ester compound, aldehyde and alcohol compound exist in the 

WV. The proposed method has been successfully employed to determine the organic components in the WV. 
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1. Introduction 

With the rapid development of agriculture, agricultural 

mechanization has won greater popularity around the world 

and straw of crops has attracted global attention. Straw of 

crops is discarded in farmland and takes a heavy toll for the 

spring ploughing next year. However, in most China's rural 

areas, due to the very low efficiency of straw combustion and 

backward means of straw combustion, the majority of straw 

is burned on the spot, which leads to severe environmental 

pollution and biomass resources waste [1, 2]. A majority of 

burning gas has wreaked havoc on the survival of human and 

animal because of the highly toxic property and even led to 

smog under special conditions [3]. As a result, treatment of 

corn straw has escalated into a major concern. 

Wood vinegar (WV) is gained by clarifying the liquid 

product of thecorn straw in the carbonization process that is 

an acidic reddish-brown aqueous liquid [4, 5]. Such volatile 

organic matter as the WV is produced during the 

carbonization of the corn straw and is cooled by the smoke 

window. In agriculture, WV which can be used as fertilizer 

and a structure-improving agent for the soil contains a variety 

of organic compounds aimed to promote the growth of plants 

[6-11]. Until now, lots of products derived from WV have 

been applied to a wide variety of fields [12-16]. With such 

products, the gas generated from the combustion of straw can 

be lessened and the ambient air quality can be improved. The 

development of green agriculture will be attributed to the 

application of WV in agriculture. 

There are many reports about the application of WV to 

various fields, while few analysis about the composition of 

WV is reported. However, some researchers can only obtain 

the organic components in the WV directly from the charcoal 

kiln or companies specializing in WV in China. The WV is 

produced from crop straw, birch, pine, apple tree and pear 

during the carbonization process. Therefore, it’s urgent to put 

forward the methods intended for analysis of the organic 

components in WV. 

Few methods which includes GC [17], HPLC [18], and 

GC-MS [19] have been raised for the analysis of the 

components in WV. Even though these analytical methods 

have been proposed to analyze the components, the 
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procedures for sample pretreatment have played an essential 

role in obtaining sensitive and accurate results. Many 

methods such as liquid-liquid extraction (LLE) are applied to 

the pretreatment of the analyzing sample with organic 

reagents. But LLE has disadvantages because this method is 

time-consuming and requires large volumes of samples and 

toxic organic solvents. As a result, more methods have been 

optimized with the aid of simplified and minimized organic 

solvents. A new method called DLLME-SFO was introduced 

by Huang [20, 21] and Feng [22]. As to this method, the 

analytes are extracted into a small volume of organic solvent 

in the sample and are further separated by centrifugation. 

Later, the sample vial is placed into an ice bath or freezing 

centrifuge and the floated extractant droplet can be collected 

easily after it is solidified at low temperature. DLLME-SFO 

has such merits as simple operation, rapidity, low cost, high 

recovery, and lower toxicity [23-28]. 

In the paper, DLLME-SFO followed by GC/MS was used 

for the analysis of the organic components in WV. Different 

experimental parameters like the type and volume of the 

extraction and dispersing solvent, extraction time and mass 

fraction of salt that affect the DLLME-SFO conditions for 

analysis of organic components of were investigated and 

optimized in WV. The result reveals that the proposed method 

is simple, efficient, practical, and environmentally friendly. 

2. Experimental 

2.1. Instrumentation 

Chromatographic analysis was performed on GC-MS 

(QP2010, Shimadzu Co., Japan) equipped with EI ion sources. 

Centrifuge (Z36HK, HERNIE Co., Germany), vortex agitator 

(VORTEX-2, SI DIGTAL Co., USA), ultrasonic cleaners 

(SK9500H, Shanghai Yiheng Ultrasonic Instrument Co., Ltd., 

China) were used for sample preparation. 

2.2. Reagents and Materials 

1-dodecanol, 1-undecanol and n-hexadecane were used as 

extractant from Sigma Reagent Shanghai Co., Ltd (Shanghai 

China). Methanol, acetone and ethanol (HPLC grade) were 

used as dispersant from Aladdin Reagent Shanghai Co., Ltd 

(Shanghai China). Sodium chloride was calcined at 140°C for 

4 h before it can be used, WV was purchased from Dongying 

RunYiBiotech Co., Ltd. (Dongying, China). 0.22 µm 

microporous membrane was obtained from Bonna-Agela 

Technologies (Tanjin, China). Other reagents were used at 

least of analytical reagent grade. 

2.3. GC/MS Analysis 

The sample was analyzed by QP2010 GC/MS. The 

separation was carried out on RTX-WAX capillary column (30 

m × 250 µm i.d., film thickness 250 µm). with the following 

instrumental conditions: Helium (99.999%) was as the carrier 

gas, total flow 25 mL min-1, column flow 1.3 mL min-1, 

injector temperature 200°C; transfer line temperature 280°C; 

energy of electron 70 eV. The oven temperature was 

programmed as follows: initial temperature 50°C (held 10 

min), then to 150°C at a rate of 10°C min-1 and held 10 min, 

from 150 to 200°C at ramp rate of 10°C /min and held 10 min, 

200°C for 30 min; the injection mode was splitless injecting 

samples, the quantity of sampling was 1 microlitre. 

2.4. Sample Preparation 

WV through micro-aperturefilter membrane, 2 mL sample 

was further transferred into 5 mL Teflon, 50 µL 1-dodecanol 

(extraction solvent), 800 µL ethanol (dispersing solvent), 10% 

(w/w) sodium chloride and rapidly added into the sample 

solution, and then the mixture was vortexed for 3 min at -5°C 

centrifugal. After the liquid organic drop had been frozen, 

water phase was removed with one-off injectors and liquid 

organic drop was placed in 250 µL sample bottle with 

intubation at room temperature. The extractant was injected 

into the GC/MS system for the analysis. 

3. Results and Discussion 

In the experiment, micro-aperturefilter membrane 2.0 mL 

of WV was used to study the extraction performance under 

different experimental conditions. 

3.1. Selection of Extraction Solvent 

It is important to choose extractant during the DLLME-SFO 

process. But the selection of an appropriate solvent is limited by 

several factors, such as its immiscibility with water, low melting 

point of 10-30°C, lower density than water, low volatility, the 

analytes and the experimental working conditions. After these 

characteristics are analyzed, the commonly used extraction 

solvent are 1-undecanol (MP 11°C), n-hexadecane (MP 18°C) 

and 1-dodecanol (MP 24°C) in DLLME-SFO which were used 

to study the extraction of the organic components in WV. 

However, after freezing, 1-undecanol melts rapidly at room 

temperature, the peak area of organic components 

n-hexadecane as extraction solvent is lower than 1-dodecanol 

(Figure 1). Therefore, 1-dodecanol was adopted for 2.0 mL 

supernatant of liquid milk to be the subject in the following 

analyses. Then further experiments were carried out after 

1-dodecanol which was used as the extraction solvent from 2.0 

mL WV was tested in the subsequent analyses. 

To study the effects of the volume of the extractant on the 

performance of the method, 1-dodecanol of various volumes 

from 10 to 80 µL were investigated in the same DLLME-SFO 

procedure. The results is presented in Figure 2. It’s not easy to 

collect the extraction solvent from the sample solution for 10 

µL 1-dodecanol. The peak area of organic components was 

successively increased with the volume of 1-dodecanol 

increased from 20 to 50 µL. The largest peak area of organic 

components was 50 µL 1-dodecanol which was functioned as 

an extraction solvent for the organic components in WV. 

Extraction solvent of 50 µL tend to make the extraction result 

keep stable and reach the largest peak area of the organic 

components. Therefore, 50 µL 1-dodecanol of extractant was 

employed in subsequent experiments. 
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(Note: Intensity of acetic acid methyl ester and propionic acid were amplified 5 times in all figure) 

Figure 1. Effect of kind of extractant on intensity. 

 

Figure 2. Effect of volume of extractant on intensity. 

3.2. Optimization of Type and Volume of Dispersing Solvent 

Dispersing solvent can also play an important role in the 

extraction performance and composition of analytes. The 

solubility of analyte decreased with the increase of dispersing 

volume and reduced extraction efficiency, solvent was not 

going to work with the decreases of dispersing solvent 

volume and didn’t perform on the cloud system. Methanol, 

acetone and ethanol as dispersing solvent were studied in 

Figure 3. Ethanol could be used as dispersing solvent in WV 

because it had better polarity than the other dispersing 

solvent and it was better and able to form the cloud system. 

The influence of the volume of ethanol as dispersing solvent 

was searched with its volume changed from 100 to 200, 400, 

600, 800, 1000, 1200, 1400 µL respectively (Figure 4). 

However, it has low extraction efficiency 100 and 400 µL of 

ethanol as dispersing solvent and the stability, reappearing 

and accuracy of this method are bad. The reason for this 

could be that, with the ethanol of a lower volumn than 400 

µL, the extractant could not be dispersed well in the sample 

solution, thus resulting in a lower peak area. The effect on the 

extraction efficiency was not evident when the volume of 
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ethanol was less than 400 µL. Extraction efficiency increased 

with increasing volume of ethanol when it was less than 800 

µL. When the volume of ethanol reached more than 800 µL, 

the peak area decreased. According to these results, 800 µL 

ethanol was selected as the optimum volume of the 

dispersing solvent. 

Furthermore, the best extraction efficiency of the target 

analytes was achieved when 1-dodecanol was used as 

extraction solvent and ethanol as dispersing solvent. 

 

Figure 3. Effect of volume of dispersant on intensity. 

 

Figure 4. Effect of volume of dispersant on intensity. 

3.3. Optimization of Vortex Extraction Time 

It is well known that, in general, the dispersion of the 

extraction solvent into the sample solution depend on the 

vortex time. In the study, 50 µL 1-dodecanol and 800 µL 

ethanol were put into the sample solution to be oscillated for 

a period from 1 to 5 min. The results showed that the peak 

area of the organic components was increased with the 

extraction time lasting from 1 min to 3 min, the extraction 

time increased from 3 to 5 min, and the effect on the peak 

area of the organic components in WV was not evident. The 

results revealed that the extraction equilibrium could be 

achieved when the extraction time lasted for 3 min. Therefore, 

the optimal extraction time was selected at 3 min. 
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Figure 5. Effects of mass fraction of sodium chloride on intensity. 

3.4. Optimization of the Mass Fraction of Sodium Chloride 

The ionic strength of the aqueous phase could be increased 

to produce more salt in the sample and improved the 

extraction efficiency of the target compounds. When the 

concentration of sodium chloride was low, the salting-out 

played a leading role and the solubility of the target analyte 

decreased from the aqueous phase to the extraction phase. 

The extraction efficiency could be enhanced if the dosage of 

sodium chloride was increased. Density of the aqueous 

solution was higher than that of the ionic liquid, Thus the 

recovery of the ionic liquid phase was reduced when the 

dosage of sodium chloride was added too much. The effect of 

the adding salt on the extraction efficiency was studied after 

sodium chloride 0-16% (w/w) was added into the sample 

solution through DLLME-SFO procedure in Figure 5. The 

experimental results showed that the peak area of the organic 

components increased with sodium chloride increased from 0 

to 10% in WV. What’s more, the peak area of the organic 

components remained unchanged when the concentration 

varied in the range of 10-16% (w/w). Consequently, 10% 

(w/w) sodium chloride was employed in subsequent 

experiments. 

3.5. Optimization of Centrifugal Temperature 

The cloudy solution (water, ethanol, and 1-dodecanol) was 

mixed in 5 mL centrifuge tubes and the organic components 

were extracted into the droplets of 1-dodecanol. When the 

organic liquid drop had been frozen, water phase was 

removed with one-off injectors and melted liquid organic 

drop was placed in 250 μL sample bottle with intubation at 

room temperature. The effect of centrifugal temperature on 

the experiment and the peak area of the organic components 

was optimized. The experimental results showed that the 

extraction solvent and WV sample solution would be frozen 

at low temperature for long time, and then the extraction 

solvent was easily broken when separated from WV sample 

solution at high temperature, so -5°C centrifugal for 3 min 

was selected in the study. 

Table 1. The organic components and relative content of WV. 

Number Compound Formula Molecular weight Relative contents/% Similarity/% 

1 Formic acid CH2O2 46 4.23 98 

2 Acetic acid  C2H4O2 60 4.23 95 

3 Ethylene glycol C2H6O2 62 0.10 92 

4 Acetone C3H6O 58 0.19 96 

5 Acetic acid methyl ester C3H6O2 74 0.42 88 

6 Propionic acid C3H6O2 74 0.68 90 

7 Hydroxy-acetone C3H6O2 74 0.37 94 

8 2- butene acid C4H6O2 86 0.28 85 

9 1-hydroxy-2-butanone C4H8O2 88 0.27 97 

10 Butanoic acid C4H8O2 88 0.28 98 

11 Furfural C5H10O5 150 0.18 98 

12 Phenol C6H6O 94 0.16 95 

13 Phenol, 2methoxy- C7H8O2 127 0.23 88 

14 Phenol, 2methoxy-4-methyl C8H10O2 138 0.09 90 
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4. Real Sample Analysis 

To prove the performance of the present method which was 

applied to the analysis of real sample, GC/MS method was 

used to analyse the sample treated by DLLME-SFO. The 

organic compounds were shown in table 1. The total ion 

chromatogram of WV was shown in Figure 6. The result 

showed that besides the main component of acetic acid, many 

kinds of ketone compound, phenol compound, ester 

compound, aldehyde and alcohol compound existed in the WV. 

The proposed method played an important role in the analysis 

of the organic components in WV. 

 

Figure 6. The total ion chromatogram of wood vinegar. 

5. Conclusion 

A method combining DLLME-SFO with GC/MS was 

developed for the analysis of organic components in WV. For 

the three extraction solvent applied to the DLLME-SFO 

procedure, 1-dodecanol displayed especially high efficiency to 

strengthen the organic components. The organic components 

are recognized through GC/MS. And the advantages of the 

proposed method depend on the larger peak area, shorter 

extraction time, less consumption of solvent, and procedure for 

the analysis of organic components in WV. In addition, the 

merits also includes the easier operation, efficiency, simplicity 

and it is a valuable and an environmentally friendly method. 
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