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Abstract 

This research was conducted to identify the aroma and aroma-active compounds of Berberis 

crataegina for the first time. Volatile profile of B. crataegina was obtained using the purge and trap 

extraction method with dichloromethane. Gas chromatography was coupled to mass spectrometry 

(GC–MS) allowed the quantitative and qualitative detection of 22 compounds in the sample. 

Aldehydes were the main chemical group in the sample and followed by aromatic alcohols and 

lactone. Aroma extract dilution analysis (AEDA) was implemented for the specification of key 

odorants of B. crataegina. In total, eight key odorants were detected in the extract of the sample, using 

GC-MS-Olfactometry and aldehydes were the leading chemical group. The key odorants, found to be 

contributing to the overall aroma in B. crataegina, were nonanal (FD=1024; green, flowery), hexanal 

(FD=512; green), and linalool (FD=256; flowery, rose) because of high FD factors. 
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3. Experimental  

3.1. Sample and chemicals 

The ripe fruit of B. crataegina was gathered from shrubs growing wild in Gaziantep (37°, 

04.8', 37°, 22.2'), Turkey in July 2016. The fruit was identified and voucher specimen (FDBL-

0012Bc) was kept in the Biotechnology Laboratory of Food Engineering Department in 

Cukurova University. The kernel of fruit was separated and air-dried at 20-25 °C for two 

weeks. The moisture content of the fruit was 3.7%–4.5% (dry basis). Then the sample was 

used for further analysis. The standard volatile compounds and alkanes were obtained from 

Sigma-Aldrich (Steinheim, Germany).  

 

3.2. Extraction of volatile compounds 

The volatile compounds of Berberis crataegina were extracted by purge and trap system 

under a source of nitrogen, controlled by a flow-meter and connected to a splitter system to 

divide the flow into several channels to purge three samples at the same time. 200 mg of 

Lichrolut EN resins (Merck) was chosen as an adsorbent. For the extraction, 3 g blended 

sample was delivered to the vial (20 mL) then the sample was pre-incubated at a temperature 

of 60
0
C for 10 min. The purge and trap extraction was applied for 90 min under the nitrogen 

flow of 500 mL/min. After the extraction process, the volatile compounds kept in the 

cartridge were separated with 6 ml of dichloromethane. After, dehydration by anhydrous 

sodium sulphate, the pooled organic extract was reduced to 5 mL in a Kuderna Danish 

concentrator fitted with a Snyder column at 40 °C (Supelco, St Quentin, France) and then to 

0.5 mL under a gentle stream of nitrogen. Extracts were then placed in a glass vial equipped 

with a teflon-lined cap and stored at -20°C until analysis. As an internal standard 4-nonanol 

was used and the concentration of volatiles was expressed as 4-nonanol (with the 

concentration of 43,27 mg L
-1

) equivalent. Each procedure was repeated in triplicate.  

 

3.3. Aroma extract dilution analysis (AEDA) 

The aroma extract was analyzed by GS–MS–O using two experienced sniffers. For the 

AEDA, the concentrated aromatic extract (200 μL) of B. crataegina was stepwise diluted 1:1 

using dichloromethane as the solvent to obtain dilutions of 1:1, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 

1:128, 1:256, 1:512, and 1:1024 of the extract. Sniffing of dilutions was continued until no 

odorant could be detected by GC-MS-O. Each odorant was thus assigned a flavour dilution 
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factor (FD factor) representing the last dilution in which the odorants was still detectable. FD 

factor of aroma compounds increases, also the degree of odor activity increases.   

 

3.4. GC-MS-O analysis of volatile compounds 

An Agilent 6890 chromatograph which is equipped with a flame ionization detector (FID) 

(Wilmington, DE/USA), an Agilent 5973-Network-mass selective detector (MSD), and a 

Gerstel ODP-2 (Linthicum, MD/USA) sniffing port using deactivated capillary column (30 

cm × 0.3 mm) heated at 240 °C and supplied with humidified air at 40 °C. This system 

allowed to simultaneously obtain a FID signal for quantification, a MS signal for the 

identification, and the odor characteristics of each compound detected by sniffing port. GC 

effluent was split 1:1:1 among the FID, MSD, and sniffing mode via a Dean’s switch. Aroma 

compounds were separated on the DB-WAX (30 m length × 0.25 mm i.d. × 0.5 μm thickness; 

J&W Scientific, Folsom, CA, USA) column. A total of 3 μL of extract was injected each time 

in pulsed splitless (40 psi; 0.5 min) mode. The injector and FID detectors were set at 270 and 

280 °C, respectively. The flow rate of carrier gas (helium) was 1.5 mL/min. The oven 

temperature of the DB-WAX column was first increased from 50 to 200 °C at a rate of 5 

°C/min and then to 260 °C at 8 °C/min with a final hold at 260 °C for 5 min. The same oven 

temperature programs were used for the MSD. The mass detector was operated in scan mode, 

with electronic impact ionization energy of 70 eV. The GC-MS interface and ionization 

source temperatures were set at 250 and 180 °C, respectively. Identification and quantification 

were performed in full scan mode with a mass/charge range of 30−300 amu at 2.0 scan/s. The 

volatile compounds were identified by comparing their retention index and their mass spectra 

on the DB-Wax column with those of a commercial spectra database (Wiley 6, NBS 75 k) and 

of the instrument’s internal library created from the previous laboratory studies. Some of the 

identifications were confirmed by the injection of the chemical standards into the GC-MS 

system. After identification, the concentration of aroma compounds was calculated according 

to the internal standard using data of GC-FID. Retention indices of the compounds were 

calculated by using an n-alkane series. 

 



S 4 
 

 1 

Figure S 1. The GC-MS chromatogram of Berberis crataegina (Peak numbers and FD factor refer to Table 1 and Table 2, respectively). 2 
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