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Abstract 

The present study includes researches regarding which method of extraction, maceration or ultrasounds, 
offer a richer aroma profile to apple vinegar. The aroma compounds were extracted from Ocimum 
basilicum L., a widely used herb in folk medicine and diets, for it’s flavoring and preserving activity.  

The aroma profile of the flavored vinegar was analyzed using a gas chromatograph coupled with a mass 
spectrometer Schimadzu, QP-2010 and through an AT-5 capillary column.  

Although both methods of extraction used dry herbs, differences in the aroma profile of the flavored apple 
vinegar were noticed. The apple vinegar that was flavored by ultrasounds, had higher concentrations of 1-
Butanol-3-metil-acetat and p-Allyl-Anisol, a compound known for it’s toxic actions. The high concentration 
of 1-Butanol-2-metil-acetat, Eucalyptol and Linalool acetate, made us conclude/decide that, using 
maceration, as method of extraction, the fingerprint of the apple vinegar is richer and it’s medical virtues 
are higher. 
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1. Introduction 

Ocimum basilicum L., known alsow as basil, is an 
aromatic herb used extensively, from ancient 
times, to add distinctive aroma and flavor to food. 
The leaves can be used fresh or dried and the 
essential oils extracted from fresh leaves and 
flowers can be used as aroma additives in food, 
pharmaceuticals, and cosmetics [1] 

Nowdays, the essential oils have attracted the 
interest of scientists due to their potential source of 
natural antioxidants and aroma active compounds. 
The Ocimum basilicum essential oils exhibites a 
wide array of chemical compounds, depending on 
variations in types, leaf and flower, aroma and 
origin of the plant. Several analytical methods 
have been developed to determine the volatile 
coompounds from the essential oils present in 
different spices [3]. 

 

Essential oils may be produced by several different 
methods. The methods we used for the extraction of 
plant essences were ultrasounds and maceration 
extraction. Maceration consists in the immersion of 
the plant material in the liquid substrate of the apple 
vinegar. This technique can extract an amount of 5-
10 times more plant material than other processes 
contained volatile oils [2]. 

The plant material is placed into a a container 
together with the liquid, and the resulting mixture is 
allowed to sit for a period of time and agitated 
periodically. In this way the plant is releasing its 
fragrance into the liquid, and after some time has 
passed the macerated plant material is removed and 
the mixture is filtered and strained of any remaining 
plant particles. 
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Lately another method of extracting the liquid 
compounds from solid cells (solid-liquid 
extraction), called ultrasound has been used to 
improve both the yield and the rate of extraction of 
a wide range of plant materials. 

Ultrasound is an efficient non-thermal tehnique, 
associated with a cell disruption (lysis) or 
disintegration. By sonicating the liquids at a high 
intensity, the sound waves that is propagated into 
the liquid result in alternating high-pressure and 
low-pressure cycles, with rates depending on the 
frequency. During the low-pressure cycle, high-
intensity ultrasonic waves create small vacuum 
bubbles or voids in the liquid. When the bubbles 
attain a volume at which they can no longer absorb 
energy, they collapse violently during a high-
pressure cycle. 

Ultrasonic creates forces that break cell walls 
mechanically and improve material transfer, this 
way the compound that is dissolved into the 
solvent is enclosed into the soluble/insoluble 
structure and for extracting it, the cell membrane 
must be destructed. For this reason, ultrasound is a 
faster and more complete technique than 
maceration. The particle size reduction by the 
ultrasonic increases the surface area in contact 
between the solid and the liquid phase, 
significantly. The mechanical activity of the 
ultrasound enhances the diffusion of the solvent 
into the tissue. As ultrasound breaks the cell wall 
mechanically, it facilitates the transfer from the 
cell into the solvent. 

The aim of the present work was to investigate the 
extraction efficiency of the main volatile 
constituents in Ocimum basilicum L, obtained by 
maceration and ultrasound, using a headspace gas 
spectrometry coupled with a mass spectrometry in 
order to identify the main volatile compounds. The 
differences of the two extraction methods were 
also presented [3]. 

2. Materials and methods 

A high intensity probe ultrasound generation 
system of 200 W, 24 kHz was used to extract the 
activ compounds into the apple vinegar. The 
instrument was a model RK 100H from Bandelin 
Sonorex from Germany. The extraction of the 
aroma compounds from Ocimum basilicum L, by 
ultrasound technique was made by immersing the 
dry leaves into 300ml apple vinegar, and left it for 
45 minutes on the ultrasound bath.  

For the extraction of the activ compounds by 
maceration, we have used dry leaves of basil, 
carefuly chosen and pressed. We have mixted the 
apple vinegar and the pressed leaves and left the 
mixture for a period of 10 days at temperatures of 26-
28ºC, for maceration. 

After the maceration was finished, the apple vinegar 
that was enriched with active principles taken from 
Ocimum basilicum L, was submitted to the filtration 
operation. First of all we have made a large filtration 
with a bolter, and then with a filter paper. 

Once the apple vinegar was flavored, the final 
product was than analyzed by HS/GC-MS, for the 
identification of the aroma compounds profile 
depending on the extraction method. 

For the separation and detection of the volatile 
compounds developed in the flavoured apple vinegar, 
a headspace gas chromatograph coupled with a mass 
spectrometer, QP-2010 model and equipped with an 
AOC-5000 autosampler (CombiPAL), was used. 

The capillary column used was a AT-5 (Alltech, 
USA), of 30m x 0.25mm i.d. x 0.25µm film 
thickness. The carrier gas was helium. The program 
temperature was from 60ºC (5 min), then rised with 
4ºC/min to 160ºC, and then to 240ºC (1 min.) with 
15ºC/min.  

Method parameters: injector temperature: 250.0oC, 
pressure: 37,1 kPa, linear velocity 32,4 cm/s and split 
ratio: 1:200. MS mode: EI of 70 eV. Mass rage: 40-
400 amu. Scan speed: 769u/s. For the identification 
of the volatile compounds two mass spectra libraries 
were used, NIST 27 and NIST 147 by comparing 
them with the mass spectra that we have obtained. 

3. Results and discussion 

The chromatograms with the main volatile 
compounds identified in the apple vinegar flavored 
with dry leaves of basil using a maceration technique 
are the one of the apple vinegar flavored by 
ultrasounds are shown in Figure 1 and respectively 
Figure 2. 

As sown in the fingerprint of the tow samples (Figure 
1 and Figure 2), the following compounds were 
identified in bought of the samples: 1-Butanol-
methyl-acetate, 1 - Butanol - 2 - methyl - acetate, 
Eucalyptol, Linalool-acetate and p-Allyl-Anisole. 
These compounds were found at the same retention 
time but in different concentrations. 
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Figure 1. The HS/GC-MS chromatogram, with the volatile compounds identified in the apple vinegar 

flavoured with dry leaves of basil, using the maceration technique 
 

 
Figure 2. The HS/GC-MS chromatogram, with the volatile compounds identified in the apple vinegar 

flavoured with dry leaves of basil, using the ultrasound technique 
 

Table 1. The concentration of the main volatile compounds identified in the flavored apple vinegar by 
comparing the two methods of extraction 

Concentration ( % ) Crt. No. Volatile Compounds Retention 
time Basil 

maceration 
Basil 

ultrasounds 
1 1-Butanol-3-methyl-acetate 6,049 25,22 44,51 
2 1-Butanol-2-methyl-acetate 6,141 13,91 12,60 
3 Eucalyptol 11,957 17,23 9,48 
4 Linalool-acetate 14,759 18,08 7,20 
5 p-Allyl-Anisole  18,681 25,57 26,21 

 
As it can be seen in table 1, the major compound 
found in the sample flavored using maceration is 
p-Allyl-Anisole, in a concentration of 25,57%, 
followed by Linalool-acetate (18,08 %) and then 
by Eucalyptol (17,23 %). 

For the sample flavored using ultrasound as 
method of extraction, the main volatile compounds  

separated and identified by HS/GC-MS technique 
were: p-Allyl-Anisole (26,21 %), followed by 
Eucalyptol (9,48 %) and Linalool-acetate (7,20 %).  

By comparing the two methods we found out that the 
ultrasound extraction brought a smaller quantity of 
aroma compounds from the basil, especially if we 
look at Eucalyptol and Linalool-acetate.  
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An increase of extraction time may be necessary in 
order to extract the basil volatile compounds in 
higher concentration. 

Although the ultrasound technique is a modern 
extraction method, in our case the extraction of 
volatile constituents from basil was better using 
the maceration technique. However, further studies 
will be carried out in order to improve the 
ultrasound extraction parameters, thus leading to 
an increase in volatile compounds concentration 
and/or number. 
 
4. Conclusion 

The most efficient method of extracting the active 
principles from Ocimum basilicum L., in this case 
was the maceration technique, because of the fact 
that the active compounds, like Eucalyptol and 
Linalool-acetate were found in a higher 
concentration after the HS/GC-MS analysis. 

According to the literature, the flavored vinegars 
are highly recommended for human consumption 
especially because of their rich composition in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

bioactive compounds like: acetic acid, tannins, 
natural pigments, amino acids, vitamins, and active 
principles, like: Eucalyptol, Linalool-acetate and p-
Allyl-Anisole, in our case. 

Although the ultrasound technique, offers a better 
cell disruption, homogenization of sample, dispersion 
of the agglomerates, in our case it didn’t helped us 
obtain a richer profile of aroma apple vinegar, further 
optimization of method being in progress.  
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