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INTRODUCTION 

Pepper (Capsicum annuum L.) is one of the 
most significant vegetable plants in Western 
Balkans. Production of Spice paprika in the 
region of Pannonian plate has a long tra-
dition. First printed manual for producing 
pepper fruits for ground papprika and for 
pepper fruits processing in Serbia was 
published at the begining of the XIX century 
(Ivković, 1933; Ivačković,1938). Pepper fruits 
are predominantly sold on market as a fresh 
fruits, but consumption of processed pepper 
fruits is also very significant. One of the very 
important products of pepper processing is 
ground paprika, a spice which is widely used 

trough the World. The main quality parame-
ters for ground paprika products are the color 
and pungency (Carvajal et al., 1998; Govin-
darijan, 1986; Govindarijan et al., 1987), 
while aroma recently started to attract the 
attention of scientists (Mateo et al., 1997; 
Cremer and Eichner, 2000; Kocsis et al., 
2002; 2003). 

In the process of food production paprika is 
mainly used as a colorant. Unique red color 
of paprika is due to presence of capsantin 
and capsorubin, two carotenoids characte-
ristic for the capsicum genus. Besides chan-
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ging the color of the food, paprika also affect 
the flavor. During processing of Spanish pa-
prika, pepper fruits are smoked during drying 
which gives them a specific aroma. Ground 
paprika aroma from Pannonian plate region 
consists only of naturally occurring com-
pounds. According to Kocsis et al. (2002, 
2003) chemical classes which can be found 
in ground paprika essential oil are: terpenes 
and their derivates, alcohols, aldehydes, ke-
tones, acids, esters, benzene derivates, na-
phthalene skeleton compounds, hydrocar-
bons, sulphur compounds, phenolic com-
pounds, nitrogen containing substances and 
carotenoid derivates. They have specific aro-
ma, which can be sensed by humans in 
relatively low concentrations.  

Having in mind development of tools for ana-
lysis of aromatic compounds (gas chroma-
tography) and especially development of 
wide rage detectors on one hand and deve-
lopment of new analytical procedures for 
sample preparation on the other hand aim of 
this paper is to determine changes of 
aldehyde composition in essential oil during 
processing red pepper fruits in order to 
obtain paprika spice. 

MATERIALS AND METHODS  

Plant material 

In this study pepper cultivar “AlevaNK” for 
paprika production is used. “Aleva NK” is 
relatively new cultivar and it is developed to 
solve problem of multiple fruit collection. As a 
result, ¾ of fruits are collected in the first 
harvest and ¼ in the second harvest. For this

purpose pepper fruits were sampled from 
field intended for mercantile production. 
Pepper fruits were sampled in the stage of 
intensive red color. Sampled fruits were di-
vided in four equal groups. First group was 
used immediately for analysis as fresh while 
the second group was left for two days and 
then dried in a laboratory dryer with fitted fan 
at 60±5 °C. Third and fourth group were left 
for 15 days for the postharvest treatment. 
Postharvest treatment was done in a glass-
house under semi-controlled conditions, with 
a difference in light presence.. The third 
group was left in the dark and the fourth was 
exposed to natural sunlight. After the 
treatment fruits were dried, milled and 
obtained powder was used for the analyses.  

Sample preparation 

Essential oils were extracted by steam disti-
llation from fresh and dry samples. Extraction 
was done from 100 g and 30 g of fresh and 
dried samples, respectively. Before extrac-
tion fresh, sample was cut in manageable 
pieces, and then homogenized with 500 ml of 
water, while dried samples were only mixed 
with same quantity of water before distilla-
tion. Due to the small amounts of essential 
oils, 1 ml of hexane was added to the sam-
ples. Distillation time was 90 minutes and ob-
tained organic phase was collected and kept 
at -20 °C under inert atmosphere (N2) until 
further use. 

Instrumentation 

Separation of aldehydes from pepper fruit 
essential oils was done under following con-
ditions:

 Instrument:    Thermo Finnigan Trace GC – Trace MS 
 Interface temperature:   280 °C 
 Ion source temperature:   230 °C 
 Carrier:    He, flow: 1.5 ml min-1 
 Injector:     PTV Splitless, t=250 °C,  
 Injected volume   1 µL 
 Ion source:    EI, 70 eV 

Column and temperature settings for fresh pepper: 
 Column:     30 m × 0,25 mm, PS 255, MEGA, Italy 
 Film thickness:    0,25 μm 
 Initial temperature:  50 °C 
 Temperature program:   linear, 4 °C minute-1 
 Final temperature:  280 °C 

Column and temperature settings for dry pepper: 
 Column:     60 m × 0.25 mm, J&W DB, 5MS,  Agilent, USA 
 Film thickness:    0.25 μm 
 Initial temperature:   50 °C 
 Temperature program:   linear, 2 °C minute-1 
 Final temperature:   280 °C 
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Peaks were identified as aldehydes by com-
parison of their mass spectra with those in 
NIST data base (The NIST, 2001). 

RESULTS AND DISCUSSION  

Essential oils typical chromatograms of fresh 
and dried pepper were shown in Figure 1.  

 

Figure 1. Chromatogram of essential oil obtained from: A – fresh and B – dry red pepper 

Identified aldehydes in essential oils from 
fresh and dry paprika were shown in Table 1. 
In total, ten aldehydes were identified in fresh 
pepper. One of five dominant peaks in chro-
matogram of fresh pepper belongs to alde-
hyde  hexadecanal.  

Out of twenty aldehydes identified in 
essential oil of paprika, only six of them are 
common to both, fresh and ground paprika 
(benzaldehyde, 2-nonenal, decanal, 2,4-de-
cadienal tetradecanal and 9,17-octadeca-
dienal). Differences in aldehyde composition 
between fresh and dry pepper could be due 
to drying and other non enzymatic processes 
during heating of pepper fruits or from en-
zymatic process during homogenization of 
fresh sample. Enzymatic conversion system 
of formation of C6 aldehydes and alcohols 
from polyunsaturated fatty acids in disrupted 
pepper fruits was indicated by Wu and Liou 
(1986). 

Aldehydes composition of investigated 
ground paprika is very similar to Hungarian 
paprika (Kocsis et al., 2002; 2003). Common 
aldehydes for both types are: 2,4-hepta-
dienal, benzaldehyde, octanal, 2-octenal, no-
nanal and 2,6-nonadienal. Regarding the lite-
rature data, investigated dry pepper and Spa-
nish paprika did not have any common alde-

hydes (Mateo et al., 1997). In the study of a 
Zimmerman and Schieberle (2000) Moroccan 
and Hungarian paprika were compared and 
only two aldehydes were common, namely 
2,4-heptadienal and 2,6-nonadienal. 

Benzaldehyde was also identified in fresh 
bell peppers (Luning et al. 1994) and Ja-
panese traditional pepper cultivar (Nakamura 
et al., 1999). According to Buttery et al. 
(1969) 2,6-nonadienal is one of three com-
pounds characteristic for aroma of fresh 
green pepper. In our investigation, 2,6-nona-
dienal  was not found in red, but is found in 
green pepper fruits (unpublished data).  

Opposite to its presence in fresh and dried 
samples, identification of hexanal in fruits 
which were treated for 15 days (Table 1) 
indicates the occurance of the process of 
lipid oxidation during the postharvest period. 
Hexanal has low odor trashold (Guadagni et 
al., 1963; Eichner, 1973; Buttery et al., 1990) 
and it could contribute to aroma difference 
between postharvestly treated and dried 
sample.  

Differences between our and literature data 
could be explained by geographical origin of 
paprika, drying conditions and pepper culti-
vars.

A  B
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Table 1.  
Identified aldehydes in the essential oils of fresh and dried red pepper. 
Aldehydes Fresh Dried 15 days on dark 15 days on light 

Benzaldehyde + + + + 
p- Methyl Benzaldehyde  + + + 
Hexanal   + + 
2-Hexenal  + + + 
Heptanal  + + + 
2-Heptanal  + + + 
trans-2-Octenal  + + + 
2,6-Nonadienal +    
Nonanal  + + + 
2-trans-6-cis-Nonadienal  + + + 
2-Nonenal + + + + 
Safranal  + + + 
Decanal + + + + 
2,4-Decadienal + + + + 
Tetradecanal (myristyl aldehyde) + + + + 
10-Undecanal +    
Hexadecanal +    
Pentadecanal  + + + 
Tetradecanal  + + + 
9,17-Oktadecadienal + + + + 
9-Octadecenal +    
 
Mateo et al. (1997) and Zimmerman and 
Schieberle (2000) extracted volatiles from 
Spanish paprika with diethylether while 
Kocsis et al. (2002; 2003) extracted essential 
oils by steam distillation. Based on that, the 
sample preparation could be an argument for 
those differences. 

CONCLUSION  

Using steam distillation of fresh and dry sam-
ples of pepper followed by GC/MS separation 
and identification, 26 aldehyds were iden-
tified in AlevaNK cultivar. Referring to the 
obtained results, great difference between 
fresh and dry pepper samples exist, while 
only minor difference was observed between 
dry saples. Only six aldehydes were common 
to fresh and dried samples. The investigated 
cultivar has similar aldehyde compounds to 
Hungarian paprika, but non of the identified 
aldehydes were reported for Spanish pa-
prika. 
 

REFERENCES  

1. Buttery, R.G., Teranishi, R., Ling, L.C., Turn-
baugh, J.G. (1990). Quantitative and sen-sory 
studies on tomato paste volatiles. Journal of 
Agricultural and Food Chemistry, 38, 336-340. 

2. Carvajal, M., Gimenez, J.L., Riquelme, F., 
Alcaraz, C.F. (1998). Antioxidant content and 
colour level in different varieties of red pepper 
(Capsicum annuum L.) affected by plant-leaf 

Ti4+ spray and processing. Acta Alimentaria, 
27, 365-375. 

3. Eichner, K. (1973). Indikatoren für beginnende 
qualitative Veränderungen von Lebensmitteln. 
Deutsche Lebensmittel-rundschau, 69, 39-47. 

4. Govindarajan V.S. (1986). Capsicum-produc-
tion, technology, chemistry, and quality. Part 
III. Chemistry of the color, aroma, and pun-
gency stimuli. Critical Reviews in Food 
Science and Nutrition, 24, 245-355. 

5. Govindarajan, V. S., Rajalakshmi, D., Chand, 
N. (1987). Capsium - production, technology, 
chemistry, and quality. Part V. Impact on 
physiology, pharmacology, nutrition, and me-
tabolism; structure, pungency, pain, and de-
sensitization sequences. Critical Reviews in 
Food Science and Nutrition, 25, 185-282. 

6. Guadagni, D. G., Buttery, R. G., Okano, S. 
(1963). Odor thresholds of some organic com-
pounds associated with food flavors. Journal 
of the Science of Food and Agriculture,14, 
761-766. 

7. Ivačković, N. (1938). Paprika naš domaći 
začin, Trgovinsko-industrijska komora u No-
vom Sadu, Grafički Zavod Pilišer i Komp. Novi 
Sad. 

8. Ivković, Đ. (1933). Hemijska laboratorija Novo-
sadske trgovinsko-industrijske i zanatske ko-
more u Horgošu, kultura, prerade i trgovina 
paprike na području trgovinsko-industrijske u 
Novom Sadu, Novi Sad. 

9. Kocsis, N., Amtmann, M., Mednyánszky, Zs., 
Korány, K. (2002). GC-MS Investigation of the 
aroma compounds of Hungarian red paprika 
(Capsicum annuum) Cultivars. Journal of 
Food Composition and Analysis, 15, 195-203. 

10. Kocsis, N., Márkus, F., Mednyánszky, Zs., 
Amtmann, M., Korány, K. (2003). Recognition 
experiments of the vintage year 1997 hot and 



Kevrešan Ž. et al., Separation of aldehydes in essential oils from fresh and dry pepper fruits (Capsicum Annuum L.) for ground paprika 
production, Food Processing, Quality and Safety 1-2(2009) 29-33 

red paprika (Capsucum annuum) varietes 
grown in Kalocsa. Acta Alimentaria, 32, 63-75. 

11. Luning, P.A., Rijk, T.D., Wichers, H.J., 
Roozen, J.P. (1994). Gas chromatography, 
mass spectrometry, and sniffing port analyses 
of volatile compounds of fresh bell peppers 
(Capsicum annum) at different ripening sta-
ges. Journal of Agriculture and Food Che-
mistry, 42, 977-983. 

12. Mateo, J., Aguirrezábal, M., Domíngez, C., 
Zumalacárregui, J.M. (1997). Volatile com-
pounds in Spanish Paprika. Journal of Food 
Composition and Analysis, 10, 225-232. 

13. Nakamura, Y., Saganuama, E., Matsuo, T., 
Okamoto, S., Sato, K., Ohtsuki, K. (1999). 2,4-
Nonadienal and benzaldehyde bioantimuta-

gens in Fushimi sweet pepper (Fushimi-
Togarashi). Journal of Agriculture and Food 
Chemistry. 47, 544-549. 

14. The NIST Mass Spectral Search Program for 
the NIST/EPA/NIH Mass Spectral Library, Ver-
sion 2.0a, build Sep 18 2001. 

15. Wu, C.-M., Liou, S.-E. (1986). Effect of tissue 
disruption on volatile constituents of bell pe-
ppers. Journal of Agriculture and Food Che-
mistry, 34, 770-772. 

16. Zimmermann, M., Schieberle, P. (2000). Im-
portant odorants of sweet bell pepper powder 
(Capsicum annuum cv. annuum): differences 
between samples of Hungarian and Morrocan 
origin. European Food Research and Techno-
logy, 211, 175–180. 

 


