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Abstract 

The flavour of blackcurrant (Ribes nigrum, Linné) consists of various volatile components. 

Variations in the chemical composition of aroma compounds give rise to the variations in taste that 

can be noticed in juice from different varieties of blackcurrants. Horticulturists trying to breed better 

and more pest and disease resistant blackcurrants and maintaining the authentic blackcurrant taste 

would benefit from knowing which compounds in the juice aroma are responsible for the differences 

in taste between the varieties.  

The aim of this project was to analyze and compare the composition of the volatile flavour 

compounds in juices from different blackcurrant varieties. Compounds were identified with gas 

chromatography mass spectrometry (GCMS) in conjunction with solid phase micro extraction 

(SPME) and after tabulating and quantifying the identified compounds, a comparison between 

authentic tasting blackcurrant varieties and artificial tasting varieties were made. A comparative 

chiral analysis of terpenes was performed to determine the importance of enantiomeric composition 

for the juice flavour. 

A total of 45 different volatile compounds were identified in blackcurrant juices, which show how 

complex the composition of taste is. More than one compound or class of substances are probably 

responsible for the differences in flavour between authentic tasting and artificial tasting blackcurrant 

juices, or perhaps the lack of a certain compound. Eucalyptol and β-damascenone are two possible 

compounds giving rise to the taste difference. A lower concentration of eucalyptol, with a 

characteristic balsamic note, and a higher concentration of β-damascenone, with a violet-like note, 

in varieties from the pastille-group could contribute to a more artificial taste. Contributions of non-

volatile taste compounds not collected by SPME or compounds volatilized in the injector are other 

plausible sources for differences in taste between the juices. The enantiomeric composition of chiral 

compounds did not seem to be of any importance for the aroma differences between varieties.  
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SAMMANFATTNING 

 

Doft och smak består av flyktiga substanser, som registreras av luktorganen i våra näsor, 

respektive av icke flyktiga föreningar, vilka binder till receptorerna på våra tungor. I svarta 

vinbär (Ribes nigrum, Linné) utgörs smaken av en komplex blandning av alifatiska estrar, 

terpener, terpenoider och alkoholer. Hittills har över 200 smakföreningar identifierats. 

Variationer i sammansättningen av aromämnen ger upphov till smakvariationer mellan olika 

sorter av svartvinbär. Hortikulturister som arbetar med att förädla bättre svartvinbär, resistenta 

mot sjukdomar samt skadedjur, och samtidigt bibehålla den autentiska svartvinbärssmaken 

skulle dra stor fördel av kunskaperna om vilka föreningar i juicen som orsakar skillnaderna i 

smaken mellan olika sorter.    

Syftet med projektet var att analysera och jämföra sammansättningen av flyktiga föreningar i 

juicer från olika svartvinbärssorter. Åtta sorter delades in i två grupper, en med de fem 

autentiskt smakande svartvinbärsjuicerna och en med de tre artificiellt smakande juicerna. 

Flyktiga föreningar identifierades med gaskromatografi- masspektometri (GC-MS) i 

kombination med fastfas- mikroextraktion (SPME). Efter kvantifiering, med hjälp av externa 

standarder, och tabulering jämfördes föreningarna i de autentiskt smakande 

svartvinbärsjuicerna med föreningarna i de artificiellt smakande svartvinbärsjuicerna. En 

komparativ, kiral analys av terpener utfördes för att bestämma den enantiomera 

sammansättningens betydelse för juicens smak. 

Totalt identifierades 45 olika flyktiga föreningar i svartvinbärsjuicerna, vilket påvisar 

smakens komplexitet. Troligen beror smakskillnaderna mellan autentiskt smakande och 

artificiellt smakande svartvinbärsjuicer på mer än ett ämne eller en ämnesgrupp, eller 

eventuellt på avsaknaden av ett specifikt ämne. Eukalyptol and β-damascenone är två möjliga 

föreningar som kan ge upphov till smakskillnaderna. En lägre koncentration av eukalyptol, 

med en karakteristisk smak av balsamvinäger, och en högre koncentration av β-damascenone, 

med en violliknande smak, skulle kunna bidra till en mer artificiell smak. Icke flyktiga 

föreningar som inte uppsamlas med SPME eller föreningar som faller söder i injektorn skulle 

också kunna vara orsak till smakskillnaderna mellan juicerna av olika svartvinbärssorter. Den 

enantiomera sammansättningen av de kirala föreningarna verkade inte vara av betydelse för 

smakskillnaderna.   
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INTRODUCTION 

 

Range and use of blackcurrants  

Blackcurrants (Ribes nigrum L) grow spontaneously throughout the cold and temperate zones 

and the shrubs are extensively present in Asia, Australia, New Zealand, Russia, Europe and 

North America.
1,2

 Blackcurrants are known to have a characteristic strong smell and high 

contents of anthocyanins and ascorbic acid.
1 

Traditionally, the berries are used for preparation 

of juice and jam and as flavours for ice creams, yoghurts and alcoholic beverages.
3,4

 In the 

production of blackcurrant products their strong and characteristic aroma is of main 

importance.
5
  

 

 

Project description and aim  

The New Zealand Institute of Plant and Food, formerly HortResearch, Lincoln, is working 

with a blackcurrant breeding programme and wishes to cultivate berries with a strong 

characteristic flavour for food industry purposes. Eight blackcurrant varieties were chosen for 

this project, Ben Hope, Magnus, L15, L225, L713, L404, L505 and L506. Ben Hope is a well 

established variety grown in the UK, whereas Magnus, L15 (Murchison) and L225 

(Blackadder) are grown in New Zealand, L225 newly released. L713 is not yet released but 

have good potential, whereas L404, L505 and L506 will probably not be released at all due to 

their artificial taste.  

The aim in this project was to analyze and compare volatile flavour compounds from 

authentic blackcurrant tasting juices with volatile compounds from artificial tasting juices to 

find differences. A comparative chiral analysis of terpenes was in this research to be 

performed to determine the importance of enantiomeric composition for the juice flavour. 

Experiments with extraction time and temperature was performed to optimize the SPME-

method before volatiles could be extracted from the juices and identified. Identifying 

compounds with GCMS (gas chromatography mass spectrometry) in conjunction with SPME 

(solid phase micro extraction) was an important part of the work to reach the aim of the 
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project. After tabulating and quantifying the identified compounds, a comparison between the 

authentic tasting blackcurrant varieties and the artificial tasting varieties were made.    

 

 

Flavour compounds   

Flavours are volatile substances detected by the olfactory nerves of the nose, whereas taste is 

a function of the tongue and palate and an attribute of non-volatile compounds.
6
 Mature 

blackcurrant berries give off a terpenic fruity smell with a noticeable butter-like note.
2
 

Volatile flavour compounds of blackcurrant juices are composed of a complex mixture of 

saturated and unsaturated aldehydes and ketones, terpenes, terpenoids, alcohols and esters.
7,8

 

Over 200 flavour compounds have been identified and the main aroma groups are aliphatic 

esters, terpenes, terpenoids and alcohols, where the latter can be considered the most 

important for the blackcurrant flavour impact.
1,9

 

With concern of the flavour, oxygenated monoterpenes are more important for the 

blackcurrant berries then hydrocarbon monoterpenes.
10

 Oxygenated volatile compounds such 

as mono- and sesquiterpene alcohols, oxides and monoterpene acetates are the most odorous 

and represents the characteristic blackcurrant flavour.
3,8

  Even though present in very small 

amounts, volatile carbonyls and other oxygen- and sulphur-containing compounds are the 

most important compounds for the blackcurrant aroma.
8
   

For example 2, 3-butadiene, methyl butanoate, ethyl butanoate, 1,8-cineol, 4-methoxy-2-

methyl-2-mercaptobutane, ethyl hexanoate, 1-octen-3-one, terpinen-4-ol and β-damascenone 

have been found to contribute to the characteristic blackcurrant flavour
11,1 

. High levels of the 

sulphur-containing compound 4-methoxy-2-methyl-mercaptobutane, giving rise to the 

characteristic catty note of blackcurrants, have in low amounts, varying between cultivars 

from trace to 0.04 %, been identified in aromatic varieties.
3
  

 

 

Hydrocarbon terpenes and oxygenated terpenes  

Thousands of different terpenes with an immense diversity of structures are known. Terpenes 

are naturally occurring alkenes and can be hydrocarbons or oxygen-containing, open-chained 
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or ring-containing molecules. They are biosynthetically related according to the isoprene rule 

and even though isoprene is not the true biological precursor they are said to derive from 

head-to-tail joining of five-carbon isoprene (2-metyl-1,3-butadiene) units. Classification of 

terpenes is based on the number of isoprene units they contain. Monoterpenes contains ten 

carbon atoms and consists of two isoprene units, whereas sesquiterpenes contains 15 carbons 

and consist of three isoprene units, and so on. Mono- and sesquiterpenes primarily occur in 

plants, but higher terpenes can also be found in animals, where they often are of biological 

importance. Humans have for centuries extracted terpene-containing essential oils from 

plants, in use for medicines, spices and perfumes.
12

  

Most, (90-95 %), of the essential oil in blackcurrant buds is composed of the non-polar 

hydrocarbon fraction, where the monoterpenes make up the major part (mean 87 %) and the 

sesquiterpenes the rest. Common monoterpenes in blackcurrant buds are α- and β-pinenes, 

sabinene, ∆3-carene, limonene, β-phellandrene and terpinolene. The main sesquiterpene in 

buds is β-caryphyllene, where the amount in one study ranged from 1.20 % to 4.98 % of the 

total oils in 22 out of 23 cultivars.
3
  

The oxygenated fraction consists of mono- and sesquiterpene alcohols, oxides and acetates, in 

amounts varying between 5-10 % of the oil of the blackcurrant buds. These volatile 

compounds are the most odorous and present the characteristic blackcurrant flavour. The 

major compounds in the polar fraction are terpinen-4-ol, spathulenol, caryophyllene oxide and 

bornyl acetate. Terpinen-4-ol is relatively high occurring in many varieties even though it is 

described to have a “low but unpleasant terpene-like and rootlike odour”. Spathulenol, with a 

conifer-like note, is an important flavour compound found in higher quantity in aromatic 

varieties. Other monoterpene alcohols with great significance to the aroma of blackcurrant 

juice are linalool and α-terpineol. The polar fraction also contains p-mentha-1,5-dien-8-ol, p-

cymen-8-ol, isospathulenol, citronellyl acetate and α-terpinyl acetate.
3,7,8

 As already said the 

low concentration of oxygenated compounds in blackcurrant buds are highly important for the 

characteristic aroma.
3,8

  However, the monoterpene alcohols terpinen-4-ol and linalool, varies 

considerable between cultivars.
13
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Influence of processing and ripeness on compound composition in blackcurrants 

Blackcurrants are often processed since they are commonly used for making juice, jam and 

alcoholic beverages. During processing they are taken through different treatment steps that 

can result in undesirable sensory changes, like colour and taste, and loss of nutrients, foremost 

vitamin C.
14,1

 Aroma intensity and quality decreases when blackcurrants are being thermally 

treated. This is correlated with decreases in concentration of terpenes and increases in 

concentration of dimethyl sulphide and aliphatic aldehydes.
15,7,1

 During the concentration of 

juice an overall loss of some esters, alcohols, carbonyls and terpenes are seen, whereas some 

volatiles are recovered.
16 

Terpenes can undergo several reactions during processing, some of 

them occurring under similar acidic conditions as those found in blackcurrant juice are 

rearrangements, dehydrations, cyclization and hydrations of double bonds which converts one 

terpene to another terpene. Monoterpenes such as limonene, α-terpinene and α-terpineol have 

been reported to increase in blackcurrant juice during heat treatment, while the concentration 

of linalool and 4-terpineol has been reported to decrease.
7
  

Variations in composition of volatile compounds have, in order of importance, been found to 

depend on variety, seasonal effects, geographic origin and post harvest fruit storage. Fresh 

fruit concentrates has been shown to contain higher levels of volatiles with character-

enhancing notes than frozen fruit, comparatively with higher levels of character-diminishing 

notes.
15,17,18

 

Ripeness at harvest is important with regards to active aroma volatiles.
15,17

 Concentration of 

mono- and sesquiterpenes decreases during ripening while the relative amount of 

monoterpene alcohols increases in the latter stages.
19

 Enantiomeric composition of some 

stereoisomeric compounds changes during maturation of fruits, effecting flavour and texture. 

These changes are based on modifications of stereospecific enzymatic pathways taking place 

during ripening. Throughout maturation the enantiomeric excess of (+)-β-pinene, (+)-

limonene and (-)-α-phellandrene changes substantially. The (+)-enantiomer of β-pinene has 

been seen to increase markedly when berries go from the black to the overripe stage and the 

enantiomer can be found in high purity.
20
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Enantiomers 

Foods and beverages contain a lot of organic components consisting of chiral molecules.
21

 

These chiral or enantiomeric molecules are optically active since they rotate plan-polarized 

light. Levorotatory molecules rotate plan polarized light to the left and are given a (-) sign, 

whereas dextrorotatory molecules rotate plan polarized light to the right and are given a (+) 

sign. Optical rotation is not related to R- and S- configuration. The latter designation is a way 

to describe the stereochemical configuration around a chiral carbon.
22

 Enantiomers can never 

be superimposed on their mirror image isomer. In a non-chiral environment, enantiomeric 

molecules have exactly the same physical and chemical property which makes them 

impossible to separate from each other, however in a chiral environment it is possible.
21

  

A mixture of two equimolar enantiomers is called a racemic mixture or a racemate. 

Spectroscopically these seem to be achiral. A large number of synthetically produced chiral 

compounds are racemates.
21

 Naturally chiral molecules can appear as a mixture of 

enantiomers or as single enantiomers.
10

 Many chiral molecules can racemize at different rates 

with time depending on pH, temperature, state (i.e. liquid or solid), chemical structure and 

other factors. There are a variety of stereoselective receptors for certain compounds on the 

human tongue and nasal membrane. This can lead to a very different smell between two 

enantiomers. For example does the R-enantiomer of carvone smells like mint whereas the S-

enantiomer smells like caraway.
21

  

Accordingly, evaluation of flavours and fragrances gets more accurate with enantiomeric 

separation. Chiral flavour compounds in food and beverages can easily and quickly be 

analyzed and separated using gas chromatography with cyclodextrin- based stationary 

phases.
21,23

 Separation of enantiomeric molecules can be useful in a lot of different areas 

within food science. For example when identifying adulterated foods and beverages, 

controlling and monitoring fermentation processes and products, evaluating and identifying 

age, past treatment and storage effects, evaluating flavour and fragrance components, 

fingerprinting complex mixtures and so on. A large variety of chiral compounds can be 

separated and identified with this method, such as organic acids, alcohols, diols, esters, 

lactones, aldehydes, ketones and amino acids.
21
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Chirality of terpenes 

According to analysis of many essential oils, monoterpene derivates have been proven to 

regularly occur as enantiomeric mixtures. Oxygenated compounds like linalool, terpinene-4-ol 

and α-terpineol mostly exist in a higher ratio of (-)-enantiomers.
24,10

 Predominant isomer for 

the majority of monoterpenes is the (+)-enantiomer, α- and β-pinene in blackcurrant berries 

mostly occur as (+)-enantiomers.
24,20

 Exceptions where the (-)-enantiomer dominates are α-

phellandrene and trans-β-caryphyllene, the latter only present as pure (-)-enantiomer.
20

 In 

contrast to monoterpenes, sesquiterpenes usually occur as single enantiomers in specific 

plants.
10

 Terpene synthesis is assumed to take place in the epidermis of blackcurrant berries 

since the majority of these compounds are found here.
19 

 

 

 

Gas chromatography mass spectrometry 

Gas chromatography (GC) can be used for many types of analysis and is ideally suited for 

analyzing thermally stable volatile compounds. The separation technique is based on the 

partitioning of a solute between a mobile and a fixed phase, where the mobile phase in GC 

consist of a gas and the stationary phase most common consist of a liquid. GC combined with 

mass spectrometry (MS) as a detection technique is a highly valuable tool for identifying 

volatile compounds. It allows peaks to be identified and unknown compounds can be 

identified by searching in a computer library containing known MS spectra. This method also 

makes it possible to ascertain the purity of each peak eluting from the column.
25 

Molecules 

entering the machine are bombarded with electrons in an ion source and disrupted into a large 

number of positively charged, negatively charged and uncharged fragments, characteristic for 

each kind of molecule. Positively charged ions are then accelerated in an electric field and 

forced into circular orbits by a magnetic field, perpendicular to the ion stream. Ions with a 

constant proportion between mass and charge are detected on the spot and by a constant 

acceleration potential and a continuously varying magnetic field, a full spectrum can be 

recorded.
26

 Headspace solid phase micro extraction (SPME) combined with GC-MS analysis 

and separation on chiral stationary phases provides a simple and rapid method for profiling 

chiral lactones, norisoprenoids (α-ionone), esters, alcohols, and terpenes.
23 
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Solid phase micro extraction 

Solid phase micro extraction, SPME, is a simple, rapid and solvent free alternative to more 

traditional sample preparation techniques like liquid/liquid extractions and static and dynamic 

headspace sampling, for extracting flavours from food and beverages. To provide optimal 

sensitivity and selectivity for a wide range of analytes a number of different SPME fibre 

coatings are available. SPME does not require any modification of the GC procedure and is 

readily automated.
7,23

 The phase is bound onto a fused silica fibre, which is immersed in a 

sample or in the headspace above the sample surface and pulled into a protective metal sheath 

after desired loading time. The filament is then forced through the septum of a GC where the 

adsorbed volatiles are thermally desorbed from the fibre. There is issue of reproducibility if 

the filament must be replaced and competition between volatiles for binding sites on the fibre 

can introduce errors, since SPME is an equilibrium technique.
25

   

 

 

 

MATERIALS AND METHODS 

 

Blackcurrant juices 

 

A number of blackcurrant juices were selected from spreadsheets of taste evaluations of 

berries from different varieties and years from The New Zealand Institute of Plant and Food, 

formerly HortResearch, Lincoln. Amongst other things described and tabulated on these 

sheets were flavour, flavour intensity and pleasant taste or not. In total eight juices were 

chosen from berries harvested in 2006/07. The different cultivars were Ben Hope, Magnus, 

L15, L225 and L713, considered to belong to the blackcurrant-group (bc-group), with an 

authentic blackcurrant flavour, and L404, L505 and L506, belonging to the pastille-group 

with an artificial blackcurrant type flavour. Juices were prepared from frozen berries the same 

year as they were picked. Pectinex of 0.1 ml was added to every 100 g of thawed, minced 

berries and the plastic bag with this content was placed in a 48 ºC water bath for four hours. 
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The pulp was then squeezed through double thickness muslin and centrifuged at 5000 rpm for 

6 minutes before final storage of the juice in 200 ml plastic bottles in a -18 °C freezer.  

 

 

SPME 

 

Method optimization 

Blackcurrant juice of Magnus from year 2004/05 was thawed in hot water and cooled down to 

room temperature. Juice of 2 ml were transferred with a automate pipette into a 15 ml glass 

vial, which were vigorously shaken for 15 seconds. The vial was kept in a temperate water 

bath 10 minutes before extraction with the SPME fibre at the same temperature. Magnetic 

stirring was used in the water bath to achieve an even temperature in the whole bath. To avoid 

evaporation the procedure was performed with the opening of the vial covered with 

aluminium foil. Nine different samples were analyzed with variations in extraction times and 

temperatures. The different extraction times were 5, 20 and 45 minutes and the different 

temperatures in the water bath where the samples were held were room temperature (RT), ~ 

20 ºC, 40 ºC and 55 ºC. Extractions were analyzed in the GC-MS, using the non-polar 

column.  

 

Extraction of blackcurrant juices 

Juices of blackcurrant were thawed in hot water and cooled down to room temperature before 

SPME. Juice of 2 ml were transferred with an automate pipette into a 15 ml glass vial, which 

were vigorously shaken for 15 seconds. The vial was kept in a 55 ºC thermostatic water bath 

for 30 minutes to establish equilibrium between the analytes in the juice matrix and in the 

headspace above. A fused silica fibre coated with 100 μl of non-bonded polydimethylsiloxane 

(PDMS) was used to adsorb volatile compounds from the juices. Extraction was carried out in 

a 55 ºC thermostatic water bath for 20 minutes. To avoid evaporation the whole procedure 

was performed with the opening of the vials covered with aluminium foil. Each juice was 

extracted three times and samples were analyzed using GC-MS. Samples were run both on a 

non-polar column and on a chiral column for identification purposes and identification of 

chiral compounds. The use of these two columns for identification made overlap of peaks on 

one column possible to detect.   
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Gas chromatography mass spectrometry analysis 

 

Separation and identification of flavour compounds were performed by using a Varian (Palo 

Alto, CA) CP-3800 gas chromatograph coupled to a Varian Saturn 2200 mass spectrometer.  

The initial oven temperature of 40 °C was programmed to hold 2 minutes before increasing 

with 4 °C / min to a final temperature of 220 °C.  The final temperature was held for 5 

minutes resulting in a total analysis time of 52 minutes. Detection started after 0.10 min when 

injections were made with the SPME fibre and after 4.50 min when injections were made with 

a syringe. Liquid samples were injected in splitless mode.  

Two different columns were used for analyses. A non polar column; FactorFour capillary 

column VF5-MS, 30 m x 0.25 mm x 0.25 μm (Varian, Inc., Palo Alto, CA), with a maximum 

temperature of 240 °C and the stationary phase equivalent to 5% phenyl 95% 

dimethylpolysiloxane,
27

 and a chiral polar column; Cyclosil-B (heptakis[2,3-di-O-t-

butyldimethylsilyl]-β-cyclodextrin), 30 m x 0.32 mm x 0.25 μm (J&W Scientific, Inc., 

Folsom, CA), with a maximum temperature of 240 °C,
28

 were used. Helium was used as 

carrier gas.  

All samples were analyzed in triplicates.  

 

 

Identification of compounds found in blackcurrant juices 

Identification by NIST Library 

A part of the identification was carried out by probability based matching between mass 

spectra obtained from detected peaks and mass spectra from NIST Library (National Institute 

of Standards and Technology Library).    

 

Identification by standard references 

Available reference compounds of interest were chosen and mixed together in different 

solutions, not to co-elute on the non-polar or chiral column. The solutions were diluted in 

acetone or hexane to a final concentration of 10 ng / ml before GC-MS analysis. Reference 
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mixtures containing different compounds were then run on the GC, on both the non-polar and 

the chiral column, continuously as the identification proceeded.  

Retention indexes, according to Kovats, KI, were calculated for respective column from the 

retention time of each of the reference compounds. Reference times, mass spectra and KI 

were used to identify compounds found in the blackcurrants for final confirmation of peak 

identity. An n-alkane series with C9, C10, C12, C14, C16, C18, C19, C20, C21 and C22 were 

run in advance on non-polar and chiral column in the GC-MS to enable calculation of KI 

using the formula: 

𝐾𝐼 = 100𝑦 + 100(𝑧 − 𝑦) ×
𝑡𝑟(𝑥)−𝑡𝑟(𝑦)

𝑡𝑟(𝑧)−𝑡𝑟 𝑦 
 

 

where y and z are the carbon numbers of the hydrocarbon standards on either side of the 

unknown compound, tr(y) and tr(z) are the retention times of the hydrocarbon standards and tr(x) 

are the retention time of the compound.
29

  

Peaks in chromatograms which did not match with any reference compound was compared 

with and identified by Kovats indexes and mass spectra from literature.
3,30

 Compounds were 

also identified from diagnostic spectra fragments.
31

 

 

Synthesis of terpinen-4-yl acetate 

Terpinen-4-ol in hexane (10 mg, 65 mmol) was added to 250 μl (2.3 mmol) acetic anhydride 

in a vial. Dimethyl aminopyridine, DMAP, 16 μl (130mmol) was added to catalyze the 

reaction. The solution was left at ambient temperature over night to react. Confirming the 

reaction, the reactant and the product were diluted to a concentration of about 1 mg/ml in 

hexane and analyzed with thin layer chromatography, TLC. To stop the reaction 2 ml water 

was added to the vial the next morning. The vial was vortexed and to make the two layers 

more distinct 4 ml of hexane was added. The top hexane layer was moved to another vial and 

then diluted and injected into the GC-MS. The product was run in both the non-polar and in 

the chiral column. Retention time of the product was then compared with the retention time of 

the reactant and the unknown compound found in the juices.  
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Quantification of compounds in the juices 

In order to quantify the compounds found in the blackcurrant juices, four different standards 

were chosen and added to the juice, which were treated the same way before GC injection as 

the samples with the pure juice. The standards chosen were isoamyl acetate, (+)-camphene, 

ipsdienol and (-)-β-farnesene with the final concentration in the juice of 429 and 424 ng/ml 

for the ester and the alcohol respectively and 4.25 and 3.75 ng/ml for the monoterpene and the 

sesquiterpene respectively. None of these standards were found in the juices. Isoamyl acetate 

was used as a standard to calculate the concentration of aliphatic esters, camphene was used 

to calculate the concentration of monoterpenes, ipsdienol was used to calculate the 

concentration of oxygenated terpenes, like geranyl acetone, damascenone, spathulenol etc., 

and β-farnesene was used to calculate the concentration of sesquiterpenes. Nine different 

solutions containing these four compounds were made to calculate a mean value for the 

concentration of each of the four compounds compared to their areas in the chromatograms. 

This was then used for calculation of the concentration of compounds occurring in the juices. 

Samples were run both on a non-polar column and on a chiral column. Grubb’s test was used 

to detect outliers.
32

 The mean of ten measured values of a compound concentration from the 

bc-group analyzed in the both columns was considered as one mean concentration and 

standard deviation was calculated. The same mathematical procedure was performed with the 

compound concentrations from berry juices in the pastille-group, except the numbers of 

measured values were six instead of ten.  

 

 

 

RESULTS  

 

Solid phase micro extraction optimization  

Blackcurrant juices were analyzed with variations in extraction times and temperatures. The 

results were evaluated to decide the best conditions for SPME.  
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Figure 1. Peak areas obtained in GC-MS analysis with SPME of Magnus blackcurrant concentrate from 

2004/2005 at RT, 40 ºC and 55 ºC  for 5, 20 and 45 minutes.  

 

Larger amounts of the compounds adsorbed to the SPME-fibre after longer absorption time, 

see figure 1. More compounds were adsorbed after 20 minutes than after 5 minutes, while 

there was no big difference of compounds adsorbed between 20 and 45 minutes of SPME. 

When SPME was carried out at higher temperature, higher peaks of the compounds appeared 

in the chromatograms and larger areas were obtained, see figure 1. The increase in area with 

extraction temperature made 55 ºC the best temperature for SPME.  

Based on these experiments SPME analysis at 55 ºC for 20 minutes were chosen. 

 

 

Identification of compounds in blackcurrant juices  

 

Synthesis of terpinen-4-yl acetate 

Terpinen-4-yl acetate was synthesized from terpinen-4-ol to be run as a reference compound 

in the GCMS. The synthesis of terpinen-4-yl acetate was successful but the compound could 

not be detected in any of the juices.        
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Compounds identified in blackcurrant juices 

In total 45 different compounds were identified in the blackcurrant juices, 32 of them were 

found in chromatograms from both of the columns, see Table 1-4, where their Kovats index 

and identification method also are shown. Additional compounds were detected using the 

chiral column. Six chiral compounds occurring as mixtures of its two enantiomers were 

identified in the juices and the ratio between different pair of enantiomers of a compound 

were determined, see Table 6 and 7.  

 

Table 1. Aliphatic and aromatic esters and alcohols identified in any of the blackcurrant juice samples from Ben 

Hope, Magnus, L15, L225, L713, L404, L505 and L506. The table shows with which column the compounds 

could be detected, their molecular structure and their respective Kovats Indexes, KI. The substances where 

identified to various degree of confidence as reference compounds where not available for all compounds 

identified. 

Substances Structure Polar Non-polar KI
h
 Cyclosil-B KI

i
 VF5-MS 

2-methyl-3-buten-2-ol
c
 

 

X X 
  

Pentanol
e
 

 

 

X 
 

949 
  

Hexanol
e
 

 

  
X 

  

3-Penten-2-ol
c
 

 
X X 985 

 

Octanol
e
 

 
X 

 
1216 

 Methyl butanoate
c
 

 X X 
  

Ethyl butanoate
a
 

 

X X 
  Butyl acetate

a
 

 
X X 

  

Methyl hexanoate
c
 

 

X X 981 924 

Butyl butanoate
a
 

 
X ― 1038 

 Ethyl hexanoate
a
 

 
X X 1048 1000 

Hexyl acetate
a
 

 
X X 1079 1013 

Unknown aliphatic ester
e
 

 
X X 1295 1284 

 

Methyl benzoate
a
 

 

 
X X 1154 1099 

OH

OH

OH

OH

OH

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O
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Ethyl benzoate
a
 

 

X X 1222 1174 

Methyl salicylate
f
 

 

X 
 

1253 
 Benzyl benzoate

f
 

 
X 

 
1900 

 

Eugenol
a
   X ― 1493   

a
Identified with Kovats Index and MS spectra from reference compound run in the same column  

c
Identified with NIST, literature MS spectra and detected in both the non polar and the polar column 

e
Identified with NIST and MS spectra 

f
Identified with NIST and literature MS spectra 

h
KI calculated based on average retention time of all the varieties except L713 

i
KI calculated based on average retention time of all the varieties 

 

Table 2. Monoterpenes identified in any of the blackcurrant juice samples from Ben Hope, Magnus, L15, L225, 

L713, L404, L505 and L506. The table shows with which column the compounds could be detected, their 

molecular structure and their respective Kovats Indexes, KI. The substances where identified to various degree 

of confidence as reference compounds where not available for all compounds we identified. 

Substances Structure Polar Non-polar KI
h
 Cyclosil-B KI

i
 VF5-MS 

a-phellandrene
a
 

 

X ― 1041 
 3-Carene

a
 

X ― 1044 
 

α-Terpinene
a
 X X 1052 1017 

β-Ocimene
a
 X X 1066 1037 

p-Cymene
a
 X X 1070 1026 

(+)-Limonene
a
 

X X 1073 1030 

β-Phellandrene
d

 X ― 1082 
 

γ-Terpinene
a
 X X 1106 1064 

α-Terpinolene
a
 

 

X X 1109 1088 

Monoterpene 1
g
 X 

 
1118 

 

Monoterpene 2
g
 

 
X 

 
1131 

 

Monoterpene 3
e
 

 
X 

 
1183 

 

Cyclic Monoterpene 4
e
     X   1144 

O

OHO

O

O

O

O

OH

O
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a
Identified with Kovats Index and MS spectra from reference compound run in the same column  

e
Identified with NIST and MS spectra 

g
Identified with MS spectra 

h
KI calculated based on average retention time of all the varieties except L713 

i
KI calculated based on average retention time of all the varieties 

 

Table 3. Oxygenated monoterpenes identified in any of the blackcurrant juice samples from Ben Hope, Magnus, 

L15, L225, L713, L404, L505 and L506. The table shows with which column the compounds could be detected, 

their molecular structure and their respective Kovats Indexes, KI. The substances where identified to various 

degree of confidence as reference compounds where not available for all compounds we identified.  

Substances Structure Polar Non-polar KI
h
 Cyclosil-B KI

i
 VF5-MS 

Thujol, stereoisomer a
c
 

 

X X 1220 1154 

Thujol, stereoisomer b
c
 X X 1223 

 

(-)-Linalool
a
 X X 1224 1102 

Citronellal
a
  

 
 

X ― 1229 
 

(+)-Linalool
a
 

 
X X 1231 

 

Oxygenated Monoterpene 1, Sabinene hydrat
e
 X 

 
1271 

 

(-)-Terpinene-4-ol
a
 

 

X X 1304 1184 

(+)-Terpinene-4-ol
a
 X X 1308 

 Oxygenated Monoterpene 2,  

   Enantiomer a
g
 X 

 
1319 

 Oxygenated Monoterpene 2,  

   Enantiomer b
g
 X 

 
1321 

 Oxygenated  

   Monoterpene 3
g
 

 

X 
 

1333 
 

Neral
a
 X ― 1339 

 α-Terpineol, 

stereoisomer a
a
 X X 1351 1198 

α-Terpineol, 

stereoisomer b
a
 X X 1361 

 

p-Cymen-8-ol
b
 X X 1377 1190 

Oxygenated  

   Monoterpene 4
g
 X 

 
1381 

 

Oxygenated Monoterpene 5
e
 

 
X 

 
1222 

OH

HO

O

HO

O

OH

OH
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Oxygenated Monoterpene 6
e
 

 
X 

 
1228 

 
Oxygenated  

   Monoterpene 7
e
 

 

  
X 

 
1229 

Geraniol
a
 

 
X X 1399 1253 

Oxygenated Monoterpene 8
g
 X 

 
1411 

 

Oxygenated Monoterpene 9
g
 X 

 
1443 

 
Oxygenated  

   Monoterpene 10
g
 

 
 

 

X 
 

1454 
 

Thymol
a
   X X 1607 1305 

a
Identified with Kovats Index and MS spectra from reference compound run in the same column  

b
Identified with NIST, literature KI for the non polar column, literature MS spectra and detected in both the non 

polar and the chiral column 

c
Identified with NIST, literature MS spectra and detected in both the non polar and the polar column 

e
Identified with NIST and MS spectra 

g
Identified with MS spectra 

h
KI calculated based on average retention time of all the varieties except L713 

i
KI calculated based on average retention time of all the varieties 

 

Table 4. Phenyl propanoids, sesquiterpenes, oxygenated sesquiterpenes and irregular oxygenated terpenes (C12 

and C13) identified in the blackcurrant juices Ben Hope, Magnus, L15, L225, L713, L404, L505 and L506. The 

table shows with which column the compounds could be detected, their molecular structure and their respective 

Kovats Indexes, KI. The substances where identified to various degree of confidence as reference compounds 

where not available for all compounds we identified. 

Substances Structure Cyclosil-B VF5-MS KI
h
 Cyclosil-B KI

i
 VF5-MS 

 

1,8-cineol
a
 

  

X X 1076 1034 

trans-Rose-oxide
c
 

X X 1146 1112 

Bornyl acetate
c
 

 
X X 1300 1289 

Terpinyl acetate
a
 

 

X ― 1383 
 

Damascenone
a
 

 
X X 1419 1382 

Geranyl acetone
a
 

 
X X 1526 1450 

OH

HO

O

O

O

O

OO

O

O
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(-)-β-Caryophyllene
a
 

 

X X 1436 1424 

α-Caryophyllene
a
 

 
X X 1467 1462 

Sesquiterpene1
g
 

 
X 

 
1487 

 

Sesquiterpene2
g
 

 
X 

 
1532 

 

Oxygenated sesquiterpene1
g
 X 

 
1654 

 
Oxygenated 

sesquiterpene2
g
 

 

 
 

X 
 

1671 
 

Spathulenol
b

 

 
X X 1698 1582 

α-Cadinol, stereoisomer a
b
 X X 1739 1662 

α-Cadinol, stereoisomer b
b
 X X 1783   

a
Identified with Kovats Index and MS spectra from reference compound run in the same column  

b
Identified with NIST, literature KI for the non polar column, literature MS spectra and detected in both the non 

polar and the chiral column 

c
Identified with NIST, literature MS spectra and detected in both the non polar and the polar column 

g
Identified with MS spectra 

h
KI calculated based on average retention time of all the varieties except L713 

i
KI calculated based on average retention time of all the varieties 

 

 

Quantification of compounds found in blackcurrant juices  

 

Compound concentrations in blackcurrant juices  

Isoamyl acetate was used as an standard to calculate the concentration of aliphatic esters, 

camphene was used to calculate the concentration of monoterpenes, ipsdienol was used to 

calculate the concentration of oxygenated terpenes, like geranyl acetone, damascenone, 

spathulenol etc., and β-farnesene was used to calculate the concentration of sesquiterpenes, 

see Table 5-8 for average concentrations of identified compounds in juices with authentic 

blackcurrant flavour, called bc, and with artificial blackcurrant flavour, called pastille.   

 

OH

OH
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Table 5. Average concentration and standard 

deviation of aliphatic and aromatic alcohols and 

esters identified in 5 × 3 respectively 3 × 3samples 

of blackcurrant juices with authentic flavour, bc, 

respectively artificial flavour, pastille. 

Table 6. Average concentration and standard 

deviation of monoterpenes identified in 5 × 3 

respectively 3 × 3samples of blackcurrant juices 

with authentic flavour, bc, and artificial flavour, 

pastille. 

Compound bc pastille 
 

 Compound bc pastille 

  
Concentration 

(ng/ml) 
Concentration 

(ng/ml) 
 

  
Concentration 

(ng/ml) 
Concentration 

(ng/ml) 

2-Methyl-3-
buten-2-ol 82,7 ± 89,4 46,89 ± 17,26 

 
α-Phellandrene 0,12 ± 0,08 0,12 ± 0,15 

Pentanol 4,00 ± 2,29 5,31 ± 2,57 

 
3-Carene 0,10 ± 0,08 0,19 ± 0,22 

Hexanol 8,52 ± 2,84 4,87 ± 1,17 

 
α-Terpinene 0,09 ± 0,05 0,07 ± 0,04 

3-Penten-2-ol 8,61 ± 5,99 5,55 ± 3,24 

 
β-Ocimene 0,01 ± 0,02 0,03 ± 0,04 

Octanol 8,52 ± 3,79 10,55 ± 5,06 

 
p-Cymene 0,16 ± 0,04 0,16 ± 0,06 

Eugenol 18,61 ± 11,47 16,92 ± 16,73 

 
(+)-Limonene 0,05 ± 0,05 0,05 ± 0,03 

Methyl 
butanoate 35,21 ± 55,24 3,76 ± 4,23 

 
β-Phellandrene 0,02 ± 0,01 0,05 ± 0,04 

Ethyl butanoate 93,15 ± 156,17 16,11 ± 19,20 

 
γ-Terpinene 0,07 ± 0,05 0,06 ± 0,04 

Butyl acetate 1,10 ± 1,92 0,00 
 

α-Terpinolene 0,14 ± 0,08 0,18 ± 0,15 
Methyl 
hexanoate 1,85 ± 1,94 0,74 ± 0,87 

 
Monoterpene 1 0,01 ± 0,01 0,01 ± 0,01 

Butyl butanoate 0,20 ± 0,46 0,00 
 

Monoterpene 2 0,11 ± 0,05 0,08 ± 0,04 

Ethyl hexanoate 3,12 ± 3,73 0,81 ± 1,26 

 
Monoterpene 3 0,16 ± 0,09 0,11 ± 0,08 

Hexyl acetate 0,77 ± 1,63 0,00 
 

Cyclic 
Monoterpene 4 0,05 ± 0,12 0,00 

Unknown 
aliphatic ester 116 ± 122 124 ± 67 

    Methyl benzoate 17,63 ± 12,05  12,80 ± 14,95 

    Ethyl benzoate 22,62 ± 27,54 14,76 ± 16,11 

    Methyl 
salicylate 24,71 ± 8,28 25,30 ± 30,94 

    Benzyl 
benzoate 18,83 ± 12,63 11,89 ± 12,81 
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Table 7. Average concentration and standard 

deviation of oxygenated monoterpenes identified in 

5 × 3 respectively 3 × 3samples of blackcurrant 

juices with authentic flavour, bc, and artificial 

flavour, pastille. 

 

Table 8. Average concentration and standard 

deviation of phenyl propanoids, oxygenated 

terpenes, sesquiterpenes and oxygenated 

sesquiterpenes identified in 5 × 3 respectively 3 × 

3samples of blackcurrant juices with authentic 

flavour, bc, and artificial flavour, pastille. 

Compound bc pastille 
 

Compound bc pastille 

  
Concentration 

(ng/ml) 
Concentration 

(ng/ml) 
 

  
Concentration 

(ng/ml) 
Concentration 

(ng/ml) 

Thujol 44,19 ± 29,02 36,64 ± 25,94 

 
1,8-cineol 203 ± 187 71,22 ± 48,63 

Linalool 46,07 ± 20,86 40,98 ± 13,87 

 
trans-Rose-oxide 3,78 ± 4,03 10,56 ± 8,09 

Citronellal 1,32 ± 2,16 1,57 ± 1,40 

 
Bornyl acetate 25,34 ± 34,08 21,52 ±15,70 

Oxygenated 
Monoterpene 1,  
Sabinene hydrat 11,78 ± 13,69 7,84 ± 2,60 

 
Terpinyl acetate 17,44 ± 14,07 34,96 ± 17,38 

Oxygenated 
Monoterpene 3 29,99 ± 15,13 24,57 ± 8,67 

 
Damascenone 42,06 ± 8,28 80,06 ±42,03 

Oxygenated 
Monoterpene 4 21,16 ± 14,05 9,17 ± 15,88 

 
Geranyl acetone 19,29 ± 9,12 17,96 ± 12,34 

Oxygenated 
Monoterpene 5 9,98 ± 11,28 8,26 ± 0,54 

 
β-Caryophyllene 0,17 ± 0,20 0,95 ± 1,20 

Terpinene-4-ol 876 ± 492 1174 ± 439 

 
α-Caryophyllene 0,07 ± 0,07 0,51 ± 0,63 

Oxygenated 
Monoterpene 2 35,73 ± 12,28 38,12 ± 24,15 

 
Sesquiterpene 1 0,03 ± 0,04 0,35 ± 0,58 

Oxygenated 
Monoterpene 6 17,47 ± 16,64 13,53 ± 8,58 

 
Sesquiterpene 2 0,05 ±0,02 0,06 ± 0,04 

Neral 25,85 ± 8,92 24,28 ± 12,94 

 

Oxygenated 
Sesquiterpene 1 1,79 ± 2,49 6,95 ± 6,78 

α-Terpineol 84,83 ± 35,80 90,34 ± 32,80 

 

Oxygenated 
Sesquiterpene 2 6,75 ± 6,67 15,53 ± 17,99 

p-Cymen-8-ol 34,71 ± 14,16 46,38 ± 37,42 

 
Spathulenol 14,70 ± 19,21 28,75 ± 35,49 

Oxygenated 
Monoterpene 7 3,56 ± 4,97 55,53 ± 82,92 

 
α-Cadinol 31,30 ± 30,37 48,38 ± 24,47 

Geraniol 10,58 ± 6,04 13,70 ± 9,06 

    Oxygenated 
Monoterpene 8 32,86 ± 14,36 40,22 ± 29,43 

    Oxygenated 
Monoterpene 9 21,46 ± 7,01 25,68 ± 4,34 

    Oxygenated 
Monoterpene 10 8,44 ± 2,42 12,16 ± 5,12 

    Thymol 12,28 ± 10,35 14,97 ± 8,17 

     

 

 

 

 



26 
 

Relative concentration of compounds in blackcurrant juices  

The relative concentration of compound classes in the two blackcurrant groups, bc and 

pastille, were calculated and compared with each other to see whether there were any 

noticeable differences that could give rise to the distinguished authentic blackcurrant flavour 

or the artificial blackcurrant flavour, see figure 2 and 3. 

  

 

Figure 2. Relative concentrations of different classes of compounds found in blackcurrant juices from the bc-

group, which includes the varieties Ben Hope, Magnus, L15, L225 and L713. 
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Figure 3. Relative concentrations of different classes of compounds found in blackcurrant juices from the 

pastille-group, which includes the varieties L404, L505 and L506. 

 

Comparison of compound concentration between varieties 

To make a comparison between different groups of blackcurrant varieties, regarding the 

concentration of aroma compounds, mean values of the concentration of each compound were 

made from concentrations calculated from the non polar column together with concentrations 

calculated from the polar column, see figure 4-10.  
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Figure 4a. Concentration of aliphatic and aromatic alcohols and esters found in higher concentrations then 8 ng / 

ml in blackcurrant juice concentrates from the varieties Ben Hope, Magnus, L15, L225, L713, L404, L505 and 

L506. The differences between the bc- and the pastille-group are shown together with the standard deviation of 

each compound.   

 

 

 

Figure 4b. Concentration of aliphatic esters found in lower concentrations then 8 ng / ml in blackcurrant juice 

concentrates from the varieties Ben Hope, Magnus, L15, L225, L713, L404, L505 and L506. The differences 

between the bc- and the pastille-group are shown together with the standard deviation of each compound. 

*Compound concentration calculated approximately from one column due to overlap in the other column.     
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Figure 5. Concentration of monoterpenes found in blackcurrant juice concentrates from the varieties Ben Hope, 

Magnus, L15, L225, L713, L404, L505 and L506. The differences between the bc- and the pastille-group are 

shown together with the standard deviation of each compound.   

 

 

Figure 6. Concentration of oxygenated monoterpenes, except terpinen-4-ol, found in blackcurrant juice 

concentrates from the varieties Ben Hope, Magnus, L15, L225, L713, L404, L505 and L506. The differences 

between the bc- and the pastille-group are shown together with the standard deviation of each compound.   
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Figure 7. Concentration of terpinene-4-ol found in blackcurrant juice concentrates from the varieties Ben Hope, 

Magnus, L15, L225, L713, L404, L505 and L506. The differences between the bc- and the pastille-group are 

shown together with the standard deviation of each compound.   

 

 

Figure 8. Concentration of some irregular oxygenated terpenes and sesquiterpenols  found in blackcurrant juice 

concentrates from the varieties Ben Hope, Magnus, L15, L225, L713, L404, L505 and L506. The differences 

between the bc- and the pastille-group are shown together with the standard deviation of each compound. 

*Compound concentration calculated approximately from one column due to overlap in the other column.      
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Figure 9. Concentration of sesquiterpenes found in 

blackcurrant juice concentrates from the varieties Ben Hope, 

Magnus, L15, L225, L713, L404, L505 and L506. The 

differences between the bc- and the pastille-group are shown 

together with the standard deviation of each compound. 

*Compound concentration calculated approximately from one 

column due to overlap in the other column.      

 

Figure 10. Concentration of 1,8-cineol  

found in blackcurrant juice concentrates 

from the varieties Ben Hope, Magnus, 

L15, L225, L713, L404, L505 and L506. 

The differences between the bc- and the 

pastille-group are shown together with 

the standard deviation of each compound.  

 

Enantiomeric composition of chiral compounds identified in blackcurrant juices 

In search for differences between the juice types among the chiral substances we compared 

nine chiral compounds detected in the blackcurrant juices. Six of these chiral compounds 

were present in both forms while limonene, α-phellandrene and β-caryophyllene could 

essentially only be detected in pure enantiomeric forms. These compounds were found in 

varieties from both the bc- and the pastille- group, see Table 9.   
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Table 9. Enantiomers identified in the blackcurrant juices from the varieties Ben Hope, Magnus, L15, L225and 

L713 in the bc-group and the varieties L404, L505 and L506 in the pastille-group and the ratio between 

enantomers in the different groups. 

Compound Bc pastille bc/ pastille 

  
Concentration 

(ng/ml) 
Concentration 

(ng/ml)   

Thujol, stereoisomer a 25,2 ± 13,3 20,0 ± 14,2 1,26 

Thujol, stereoisomer b  36,6 ± 16,5  30,7 ±17,9 1,19 

(-)-Linalool 25,6 ± 10,4 20,5 ± 5,9 1,25 

(+)-Linalool  29,7 ± 11,8  25,5 ± 7,2 1,16 

(-)-Terpinene-4-ol  604 ± 378  832 ± 491 0,73 

(+)-Terpinene-4-ol  265 ± 162  348 ± 185 0,76 
Oxygenerad Monoterpene 2,  
  Enantiomer A  18,4 ± 6,0  20,2 ± 12,4 0,91 
Oxygenerad Monoterpene 2,  
  Enantiomer B  17,3 ± 6,3  17,9 ± 11,8 0,97 

α-Terpineol, stereoisomer a  42,5 ± 16,7  42,1 ± 22,5 1,01 

α-Terpineol, stereoisomer b  45,8 ± 20,7  56,0 ± 27,6 0,82 

α-Cadinol, stereoisomer a  16,1 ± 7,7  13,4 ± 9,4 1,21 

α-Cadinol, stereoisomer b  38,7 ± 16,0  35,0 ± 15,3 1,11 

α-Phellandrene 0,12 ± 0,08 0,012 ±0,15 0,95 

(+)-Limonene  0,04 ± 0,01  0,04 ± 0,04 0,89 

(-)-β-Caryophyllene   0,26 ± 0,26  1,31 ± 1,71 0,20 

 

The pastille-group contained a larger amount of terpinen-4-ol than the bc-group, 1.2 mg / ml 

and 0.87 ng / ml respectively, but the ratio between the two enantiomers were almost equal, 

see Table 10. A higher ratio of α-terpineol, stereoisomer b, than of α-terpineol, stereoisomer a, 

was found in juices of the pastille-group compared to juices of the bc-group, where the ratio 

of α-terpineol a/ α-terpineol b were 0.75 and 0.93 respectively. 

 

Table 10. Ratio between different enantiomers of thujol, linalool, terpinen-4-ol, Oxygenated Monoterpene2, α-

terpineol and  α-cadinol, identified in the blackcurrant juices from the varieties Ben Hope, Magnus, L15, L225 

and L713 in the bc-group and the varieties L404, L505 and L506 in the pastille-group.   

Compound 
Thujol a/ 
Thujol b 

(-)-Linalool/ 
(+)-Linalool 

(-)-Terpinen-4-ol/ 
(+)-Terpinen-4-ol 

Ox. Mt.2 A/ 
Ox. Mt.2 B 

α-Terpineol a/ 
α-Terpineol b 

α-Cadinol a/ 
α-Cadinol b 

bc 0,69 0,86 2,28 1,07 0,93 0,42 

pastille 0,65 0,80 2,39 1,13 0,75 0,38 
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DISCUSSION 

 

Solid phase micro extraction optimization 

Blackcurrant juices were analyzed with variations in extraction times and temperatures. The 

results were evaluated to decide the best conditions for SPME.  

 

Importance of solid phase micro extraction time 

Larger amounts of the compounds adsorbed to the SPME-fibre after longer extraction time, 

see figure 1. There is an evident difference in the amount adsorbed after 20 minutes than after 

5 minutes. The difference between 20 and 45 minutes of SPME is not that clear and the 

difference decrease even more between samples analyzed after extraction with higher 

temperature. Only a slight difference between the amounts of substances in the two sample 

runs is seen when analyzed after extraction in 55 ºC, with the biggest area not always in the 

run with the longest extraction time. Five minutes is to short time when extraction is done in 

room temperature but could give results good enough at a higher temperature, e.g. 55 ºC. This 

indicates temperature to be of more importance than time during SPME.   

 

Importance of solid phase micro extraction temperature 

When SPME was carried out at higher temperature higher peaks of the compounds appeared 

in the chromatograms and larger areas were obtained. The increase in area with extraction 

temperature makes 55 ºC the best temperature for SPME. Linalool, α-terpineol and trans-

caryophyllene were more difficult to detect when SPME was done at room temperature. This 

indicates that room temperature is not high enough for finding compounds in very low 

concentrations, like compounds with significantly lower concentrations than the substances 

mentioned above. Room temperature might also make it more difficult to detect less volatile 

compounds or compounds with lower affinity for the SPME-fibre. There is no clear difference 

between the amounts of the compounds detected after 20 or 45 minutes extraction at 55 ºC. 

Too long adsorption time could cause saturation of the SPME-fibre. Highly volatile 
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compounds, compounds in high concentration or compounds with a high affinity for the fibre 

can then outcompete other substances and give rise to misleading results.  

Looking at the chromatograms from the trial more and larger peaks are found after extraction 

at higher temperature, see appendix 1-3. There are a lot of disturbances in the end of the run 

from the sample with 45 minutes of adsorption at 55 ºC which contribute to why it is better to 

do the extraction for 20 minutes.  

Based on these results the time and temperature for solid phase micro extraction over the 

blackcurrant juice headspace were chosen to 20 minutes of extraction at 55 ºC. The risk of 

rearrangements among the sesquiterpenes increases at higher temperature, which is why we 

did not choose a higher extraction temperature than 55 ºC that we settled for a 20 min 

extraction period. 

 

 

Identification of compounds found in blackcurrant juices 

 

Identification methods 

NIST library was used as a first identification of a peak in a GC-MS chromatogram. It gave a 

good idea of which substance class the unknown belonged to and a lead to a possible 

identification. Peaks were then further analyzed by comparing retention times and mass 

spectra with reference compounds. A total number of 44 reference compounds were injected 

in the GC-MS and analyzed on both the VF5-MS and Cyclosil-B column. KI for both 

columns was calculated for respective reference substance and then compared with the KI for 

the unknown blackcurrant compounds. Together with their KI, mass spectra obtained from 

blackcurrant juices were compared with mass spectra from the reference substances. This was 

a good method for excluding certain suggestions of possible substances from the NIST 

Library. Running reference compounds in the GC enabled unambiguous identifications. 

Totally 29 compounds were identified and confirmed by comparison with reference 

compounds.  

All reference compounds that were available in the laboratory were injected in the GC. KI for 

the unknown blackcurrant compounds were then compared with KI from the literature. To be 
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able to make such a comparison the column from which the literature KI was calculated from, 

had to have a similar stationary phase as the column used in this experiment. Columns 

comparable to the VF5-MS column found in the literature
3,30

 were DB-5 and SE-54. 

Literature KI comparable with the indexes calculated from the Cyclosil-B column could not 

be found and therefore not contribute to the identification. Comparison between literature KI 

and calculated indexes could consequently only be carried out on the non polar column. For a 

more accurate identification or when a literature KI was not available, a mass spectrum of a 

possible compound in the juices was compared with its mass spectrum from the literature. 

Comparison of the diagnostic fragments from the two mass spectra made it possible to 

determine whether it could be the same compound as from the literature mass spectra or not. 

Mass spectrum for one of the columns was then compared with a mass spectrum from the 

other column to see if it could be the same compound since the same compounds should be 

found in both columns.   

A few compounds were identified only by means of the NIST Library together with their 

mass spectrum or a literature mass spectrum or only by the mass spectrum of the compound in 

question. Compounds identified with merely their mass spectrum could only be classified and 

not definite determined, although in many cases the probability factor was very high. 

Compounds found in the blackcurrant juices could be classified in aliphatic and aromatic 

alcohols and esters, monoterpenes, oxygenated monoterpenes, phenyl propanoids, oxygenated 

terpenes, sesquiterpenes and oxygenated sesquiterpenes. For compounds found and identified 

in the blackcurrant varieties Ben Hope, Magnus, L12, L225, L713, L404, L505 and L506 and 

how they were identified, see Table 1-4. 

 

Compounds identified in the blackcurrant juices 

In the blackcurrant juices of the varieties Ben Hope, Magnus, L15, L225, L713, L404, L505 

and L506 a total number of 45 compounds were identified. Out of these 29 were confirmed 

with reference compounds and 32 were identified with both non polar, VF5-MS, and chiral, 

Cyclosil-B, column. The use of two columns for analysis made it possible to detect co-eluting 

compounds, since they were not likely to co-elute on both columns, and enable positive 

identification. The two columns have various separation capacities and since they do not have 

the same stationary phases, they might transport different compounds differently. More 
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compounds were detected using the chiral column then using the non polar column partly 

because of the separation of enantiomeric compounds with a chiral column and partly because 

polar columns usually have better separation capacity. Otherwise the extraction method was 

the same for analysis in both columns as well as other conditions were and the same 

compounds were expected to be found. Consequently, the different number of peaks detected 

in the chromatograms, had to depend on the column.  

Some compounds expected to be found from literature studies like methyl and ethyl 

butanoate, ethyl hexanoate, 1,8-cineol, terpinen-4-ol, limonene, β-caryophyllene, spathulenol, 

p-cymen-8-ol, α-terpineol, linalool, β-damascenone and terpinyl acetate
1,3,7,8, 

were all 

identified in the blackcurrant juices with both columns, whereas 3-carene and α- and β-

phellandrene only could be found with the chiral column. Other compounds, earlier reported 

to exist in blackcurrants, as α- and β-pinene, sabinene, 1-octen-3-ol, caryophyllene oxide, 

isospathulenol and citronellyl acetate,
1,3,8

 could not be identified in either column. Some 

compounds might not be detected on the GCMS chromatogram if they occur in too low 

concentration in the berries
1
 though this should not be the case for terpenes like α- and β-

pinene and sabinene, which in previously studies
3
 have shown to make up some of the major 

monoterpenes in blackcurrants. Many compounds occurring in essential oil, as in the one of 

blackcurrant buds, are thermo-labile and can be sensitive to the high heat in the GC injector
8
. 

It has also been shown that some terpenes during headspace sampling are able to decompose 

and rearrange on the absorbent material.
7
 This could lead to a loss of terpenes and a 

misinterpretation of compounds present.   

The sulphur compound, 4-methoxy-2-methyl-2-mercaptobutane, giving rise to the 

characteristic catty note
3
 was not identified in the blackcurrant juices. This compound is 

thought to be labile and can, despite gentle concentration processes of the blackcurrants, 

rapidly undergo rearrangements and may not survive the chromatographic process
15

, which 

might be one reason way it was not identified.  

 

Terpinen-4-yl acetate 

Acetylation of a tertiary alcohol can be difficult because the hydroxy group is sterically 

hindered. Pyridine was first used to catalyse the reaction but no product could be seen with 

thin layer chromatography. Acetate of an alcohol can have similar polarity as its initial 
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alcohol and if a product was obtained it should have shown in the chiral or at least in the non 

polar column. As pyridine did not work as a catalyst the reaction was finally performed with 

dimethyl-aminopyridine, DMAP. That a reaction had occurred was revealed by thin layer 

chromatography and a difference between polarity of the reactant and the product. When the 

product was analyzed in the GCMS with the non polar column a large peak of acetate could 

be seen as well as remains from the terpinen-4-ol and the DMAP. The acetate was also 

analyzed with the chiral column, and both enantiomers were found in equal amounts.  

Despite a successful synthesis, terpinen-4-yl acetate was found, by comparison of diagnostic 

fragments, not to be the suspected unknown compound. The concentration of this unknown 

compound, most likely an aliphatic ester, was determined to be 116 ± 122 ng / ml in the bc-

group and 124 ± 67 ng / ml in the pastille-group. Since the concentration did not differ 

appreciably between the authentic and the artificial tasting varieties, see Table 5, this is not 

thought to be of as big importance for the blackcurrant juice flavour as first believed.   

 

 

Quantification of compounds found in blackcurrant juice 

 

Quantification with the use standards 

The SPME-fibre seemed to have various affinities for different compounds and for this 

reason, standards from different classes of compounds were chosen. Since isoamyl acetate, 

camphene, ipsdienol and β-farnesene were not identified in any of the juices analyzed, they 

constituted the mixture of standards added to the juice, L713 from year 2005/06, before 

SPME and GCMS analysis. Nine replicates were made and analyzed on both columns to 

enable detection of outliers and to achieve a more accurate determination of response factors 

and therefore also of the concentrations. Due to the various affinity of the SPME-fibre for 

different substances, the standards were added with different concentrations to the solution 

made for quantification. Isoamyl acetate and ipsdienol had a concentration of about 0.4 mg / 

ml juice while camphene and β-farnesene had a concentration of about 4 ng / ml juice. One 

peak for β-farnesene in a chromatogram from the non polar column was found to be an outlier 
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according to Grubb’s test.
32

 This peak was not included in the calculation of the response 

factor for β-farnesene.   

Despite correction by calculating response factors for each standard on both the chiral and the 

non polar column, compound concentrations based on analysis from the two columns showed 

different results depending on which column that had been used. Since the same method has 

been used and standards ran on both columns, the results should differ less. This makes 

comparison between different varieties more complicated and less accurate. I conclude that 

GCMS is an excellent method for qualitative analyzes but not solid enough for quantifying.  

 

Compound concentrations in the blackcurrant juices 

To make an as fair comparison as possible between different varieties of blackcurrant juices 

regarding the concentration of aroma compounds, a mean value of the concentration of a 

certain compound calculated from the non polar column and of the concentration calculated 

from the chiral column was made, see Table 5-8.  

The standard deviation of the concentrations indicates great differences between 

concentrations calculated from different columns, but also on variations within varieties in the 

bc- respectively the pastille-group. Some standard deviations are even higher than the 

concentration concerned. Methyl butanote is an example, which concentration was 

determined to 35.2 ± 55.2 ng / ml in the bc-group and 3.7 ± 4.2 ng / ml in the pastille-group, 

see Table 5. This compound is though interesting, as a result of the concentration difference 

between authentic tasting varieties and artificial tasting varieties, since it is one of the 

quantitatively most important compounds for the blackcurrant flavour.
1
 Figure 4a and b 

clearly shows higher concentrations of ethyl butanoate, methyl hexanoate and ethyl hexanoate 

in the bc-group, whereas butyl acetate, butyl butanoate and hexyl acetate were only identified 

in the bc-group. The graphs in figure 2 and 3 shows that blackcurrant varieties with authentic 

blackcurrant flavour contains almost the double relative amount of aliphatic esters than 

varieties with artificial flavour, 11.66 % compared to 6.27 %. These esters are important for 

the characteristic flavour
1
 and a lower concentration could contribute to a more artificial taste. 

Still it is essential to recall that the standard deviations for these esters are greater than their 

concentration.  
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Hydrocarbon mono- and sesquiterpenes occur in the juices in lower concentrations than 

oxygenated mono- and sesquiterpenes, see figure 2 and 3, even though they are expected in 

higher concentrations.
3,8

 In both the bc- and pastille-group 0.05 % of monoterpenes were 

found and in the bc- and the pastille-group, respectively, 0.01 % and 0.08 % of sesquiterenes 

were found, whereas 61.7 % and 72.5 % of oxygenated monoterpenes and 2.5 % and 4.3 % of 

oxygenated sesquiterpenes were found.  The concentration of monoterpenes in the juices are 

between 0.01 and 0.2 ng / ml and of sesquiterpenes 0.03 and 0.17 ng / ml, see Table 6 and 8. 

Concentrations amongst the monoterpenes are not differing much between the bc- and the 

pastille-group, whereas the pastille-group contains higher concentration of the sesquiterpenes 

β-caryophyllene, α-caryophyllene and sesquiterpene1, see figure 9. Sesquiterpenes are not 

considered contributing to the blackcurrant aroma
8
 but could matter in my comparative 

analyses by changing the relative concentration as they fill up absorbing regions on the SPME 

fibre. Then again, these only make up 0.01 % and 0.08 % of the concentration in the bc- and 

pastille-group, respectively, see figure 2 and 3, and are probably not of any significance to the 

flavour.  

Relatively higher amounts of oxygenated monoterpenes, oxygenated terpenes and oxygenated 

sesquiterpenes are identified in the varieties from the pastille-group than from the bc-group, in 

total 83.44 % compared to 67.07 %, see figure 2 and 3. Oxygenated terpenes are known for 

their strong smell and flavour and to strongly contribute to the distinctive aroma of 

blackcurrants.
3,8

 Differences in taste between the bc- and the pastille-group could be caused 

by a diversity of the composition of oxygenated terpenes and their respective concentration. 

Concentrations amongst oxygenated monoterpenes, like among hydrocarbon monoterpenes, 

are not differing much between the bc- and the pastille-group, with exceptions from terpinen-

4-ol, oxygenated  monoterpene 4 and oxygenated monoterpene 7, see figure 6 and 7. The bc-

group have lower concentrations of terpinen-4-ol, 0.88 ± 0.49 mg /ml, and oxygenated 

monoterpene 7, 3.56 ± 4.97 ng / ml, compared to the pastille-group, with 1.2 ± 0.44 mg / ml 

and 55.5 ± 82.9 ng / ml of terpinen-4-ol and oxygenated monoeterpene 7, respectively. 

Oxygenated monoterpene 4 was found in higher concentrations in the bc-group than in the 

pastille-group, 21.2 ± 14.2 ng / ml compared to 9.2 ± 15.9 ng / ml. This unknown oxygenated 

monoterpene belongs among those compounds identified in the lowest concentrations in its 

class and is therefore not likely to be very important for the differences in flavour. It would be 

very interesting to find out exactly which compound oxygenated monoterpene 7 is, 

considering the big difference in concentration between the bc- and the pastille-group and 
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therefore the meaning it can have for the flavour. The difference in concentration of terpinen-

4-ol can affect the flavour between authentic and artificial tasting blackcurrant juices, having 

an odour described as low but unpleasant terpene- and rootlike.
3
 Even though there is a 

noticeable difference, both groups contain a high concentration of terpinen-4-ol.  

Four oxygenated sesquiterpenes, spathulenol, α-cadinol and two unknown, were quantified in 

the juices, all of them in higher concentrations in the pastille-group, where the relative 

concentration was determined to 4.30 % compared to 2.53 % in the bc-group, see figure 2,3 

and 8. Spathulenol is an important flavour compound with a conifer-like note
3
 and α-cadinol 

has a green, waxy and woody odour.
29

 Even though these compounds are among the most 

odorous volatiles,
8
 they do not seem to cause the difference in taste between the two groups of 

blackcurrant varieties.  

Phenylpropanoids represent 9.59 % of the aroma compounds in the bc-group and 3.53 % in 

the pastille-group, se figure 2 and 3. Trans-rose oxide occurs in 3.8 ± 4.0 ng / ml in the bc-

group and in 10.6 ±8.1 ng / ml in the pastille-group, whereas 1,8-cineol occurs in higher 

concentration, 200 ± 190 ng / ml and 71 ± 19 ng / ml, in the two groups respectively, see 

Table 9 and 11. Eucalyptol, or 1,8-cineol, is after terpinen-4-ol the compound identified in the 

highest concentration in the juices and the difference between authentic and artificial tasting 

blackcurrant juices could be caused by a less amount of this substance in varieties belonging 

to the pastille-group. The difference can in one way be described as something missing in 

artificial tasting varieties and eucalyptol has a characteristic balsamic note
3
. Damascenone can 

be another identified compound contributing to the artificial flavour in the pastille-group. This 

is a compound with a violet-like note
3
 found in 42.0 ± 8.3 ng / ml and in 80.0 ± 42.0 ng / ml 

in the bc- respectively the pastille-group. High concentrations of this substance could perhaps 

give rise to a pastille flavour, especially together with low concentrations of eucalyptol.    

 

Enantiomeric composition of chiral compounds identified in the blackcurrant juices 

The enantiomeric composition of chiral compounds was thought to correlate with the flavour 

of blackcurrant juices, since different enantiomers can vary in taste.
21

 Analysis with the chiral 

column enabled separation of chiral compounds in the juices. Instead of each compound 

giving rise to one peak in the chromatograms, two peaks could be seen with a specific 
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retention time of each enantiomer. Six different chiral compounds present in its two 

enantiomeric structures were detected both in the bc- and in the pastille-group, see Table 9.  

Despite the fact that the pastille-group contained a larger amount of terpinen-4-ol than the bc-

group, 1.2 mg / ml and 0.87 ng / ml respectively, the ratio between the two enantiomers were 

almost equal, see Table 10. The only difference to be seen among the ratios of the 

enantiomeric composition of chiral compounds between the bc- and the pastille-group is the 

ratio between the enantiomers of α-terpineol. A higher ratio of α-terpineol, stereoisomer b, 

than of α-terpineol, stereoisomer a, is found in juices of the pastille-group compared to juices 

of the bc-group, where the ratio of α-terpineol a/ α-terpineol b were 0.75 and 0.93 

respectively. Maybe this enantiomer could contribute to the artificial flavour of the varieties 

in the pastille-group, but it is still not a great difference in concentration. The (-)-enantiomer 

of α-terpineol has previously been shown to be common in blackcurrant berries,
24

 and that 

indicates that α-terpineol stereoisomer a, eluting first, is (+)-α-terpineol and that α-terpineol 

stereoisomer b, eluting second, is (-)-α-terpineol. 

When analyzing chiral compounds care must be taken during sample preparation steps to 

avoid racemisation,
23 

something that probably happened in the preparation of the juices in this 

experiment since the majority of oxygenated terpenes, like linalool and terpinen-4-ol earlier 

have been found to occur in a much higher ratio of (-)- enantiomers.
24

 The freezing of 

blackcurrant juice after preparation are not thought to affect the enantiomeric composition, as 

no significant differences in the enantiomeric composition of chiral terpenes  were found 

when the amount of volatiles in a frozen sample of blackcurrants were compared with the 

amount in a sample of fresh berries.
8
 

Other chiral compounds like limonene, α-phellandrene and β-caryophyllene were also 

identified in the juices but exist only as pure enantiomers, as only one peak of these 

compounds were seen even in the chromatograms from the analysis with the chiral column. 

According to reference compound analyzed in the GCMS, limonene is present in the juices as 

(+)-limonene, which also can be supported by reference compound and previously studies
20

 

claiming terpenes, occurring in blackcurrants, in majority rotate plan- polarized light to the 

right. On the other hand α-phellandrene and β-caryophyllene found in our blackcurrant juices 

can be assumed, according to the literature,
20

 to rotate plan- polarized light to the left and 

thereby be present as (-)- enantiomers.   
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Analyzing methods 

GCMS with SPME has after this experiment shown not to be an accurate method enough to 

use for quantitatively analyses. Considering the great differences between compound 

concentrations, calculated from different columns, makes it impossible to find any significant 

differences that could cause the artificial taste some blackcurrant varieties obtain. Two 

columns were first used to enable separation of enantiomers and answer the question if the 

difference in flavour between varieties in the bc- and the pastille-group could depend on 

different ratios of between enantiomers of a certain compound. Second, two columns were 

used to facilitate identification and enable comparison between identified compounds in 

different columns. Co-eluting compounds were also possible to discover. Two columns were 

finally used to verify the quantification, which should have shown the same concentration of a 

compound apart from which column used, since standards were run in both columns. 

Quantitative and qualitative routine GC analysis of volatile composition can be limited by 

time consuming sample preparation techniques that require expensive equipment and solvents 

and/or lack precision and sensitivity.
23

 Gas chromatography with flame ionization detector, 

GCFID, can be better to use then GCMS for quantifying analyses.
18

 High performance liquid 

chromatography, HPLC, is another alternative method instead of GC, having the advantages, 

when working with thermo labile compounds, to separate them at low temperatures.
8 

SPME was a simple and rapid extraction method to use and dynamic headspace collection has 

previously been reported to recover more terpenes then solvent extraction.
7
 To minimize 

analyte loss and contamination by ambient air the fibre was kept in the GC injector, in the 

headspace of a sample vial or in the headspace of an empty glass vial. Loss of volatiles was 

prevented by covering the opening of the sample vials with aluminium foil, since this is not 

expected in a closed system.
1
 Alternative methods to SPME can be to make an ether 

extraction or a liquid/ liquid extraction.  

Disregarding variations within varieties in the same group, the five cultivars in the bc-group 

were still considered as one, as well as the three cultivars in the pastille-group were. This was 

to make it easier to notice any special compound present in higher or lower concentration, 

compared with the other group, since some compounds were found in very low amounts. For 

further work with this project each variety should preferably be treated as an individual 

cultivar. 
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CONCLUSIONS 

 

In this project 45 different volatiles were identified in the blackcurrant juices, which show 

how complex the composition of flavour is. Some notes may consist of a number of 

compounds or of a compound that is degraded in the chromatography,
15

 which makes the taste 

difficult to identify. More than one compound or class of substances are probably responsible 

for the differences in flavour between authentic tasting and artificial tasting blackcurrant 

juices, or perhaps the lack of a certain compound. Eucalyptol and β-damascenone are two 

possible compounds giving rise to the taste difference. These were found in the second 

respectively third highest concentration in the juices and were identified in all eight varieties. 

The lower concentration of eucalyptol, with a characteristic balsamic note, and the higher 

concentration of β-damascenone, with a violet-like note, in varieties from the pastille-group 

could contribute to a more artificial taste. Higher concentrations of esters, especially of 

methyl butanoate, were seen in authentic tasting varieties. Contributions of non-volatile taste 

compounds not detected by the SPME fibre or compounds volatilized in the injector are other 

plausible sources for differences in taste between the juices. The enantiomeric composition of 

chiral compounds did not seem to be of any importance for the flavour differences between 

varieties. 
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