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Abstract

The burning taste of pepper is induced by six chemically related compounds derived from phenylalkylamide alkaloid
(capsaicinoids) group. Capsaicin and its derivative dihydrocapsaicin have the strongest burning effects from them. The
aim of this work was to determine capsaicin content in different fruit parts (ovary, lower flesh, upper flesh and seeds).
For these purposes, we optimized high performance liquid chromatography with electrochemical detection. The most
suitable conditions for capsaicin determination were as follows: working electrode potential of 750 mV, mobile phase of
acetate buffer (pH 4) and methanol in ratio 40:60 (v/v, %). At these conditions we were able to detect picomoles of cap-
saicin per injection. Finally, we utilized this technique to determine capsaicin in various cultivars of peppers. The hig-
hest content of capsaicin (227 mg per 100 g of fresh weight) was found in “Takanotsume’ cultivar.
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1. Introduction nent of our diet both in the vegetable and spice form.*®
The burning taste of pepper is induced by six chemically
Pepper (Capsicum, Solanaceae) is a plant of South- related compounds derived from phenylalkylamide alka-
and middle- American origin.'™ It was imported into Eu- loid (capsaicinoids) group.”® Capsaicin and its derivative
rope by Spaniards and became quickly a favourite compo- dihydrocapsaicin have the strongest burning effects

among them (Figure 1).
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Figure 1. Chemical structure of capsaicin.
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Capsaicin was discovered in 1816, when it was first
isolated from peppers.” After that it has been found out
that this compound is responsible for the burning effect on
mucous membranes and increases the secretion of digesti-
ve fluids.*'° It is assumed that capsaicin was evolved as a
plant protection against herbivores. Habanero (Capsicum
chinense) is thought to be the most burning pepper spe-
cies. Due to biological properties of this compound, it has
been widely used, e.g. it is used for relief of pain and
sprays for personal protection.''”!” Recently, it has been
shown that capsaicin inhibits the growth of androgen-in-
dependent, p53 mutant prostate cancer cells.'$

The aim of this work was to determine capsaicin
content in different fruit parts (ovary, lower flesh, upper
flesh and seeds) of different pepper varieties. For these
purposes, we optimized a liquid chromatographic method
with electrochemical detection.

2. Material and Methods
2.1. Chemicals

Capsaicin and other chemical of ACS purity were
purchased from Sigma Aldrich (St. Louis, USA) unless no-
ted otherwise. The stock solution of capsaicin 1 mg mL™
was prepared in ACS methanol (Sigma-Aldrich, USA) and
stored in darkness at —20 °C. The working standard solu-
tions were prepared daily by diluting the stock solution.

2.2. pH Measurements

The pH was measured by using the WTW inoLab
Level 3 (Weilheim, Germany) instrument, controlled by
personal computer with software (MultiLab Pilot; Weil-
heim, Germany). The pH electrode (SenTix-H, pH
0-14/3M KCIl) was calibrated with WTW buffers (Weil-
heim, Germany).

2.3. Biological Samples

The samples of pepper were obtained from Re-
search Institute of Crop Production, Department of Gene

Seeds
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Figure 2. Division of pepper fruits to ovary, seeds, upper flesh and
bottom flesh.

Bank in Olomouc, Czech Republic. All pepper fruits were
collected in 2006. Each pepper fruit collected was divided
into four parts: ovary, seeds, upper and bottom flesh (Fi-
gure 2). The tissue (100 mg) was weighted, disintegrated
in liquid nitrogen and then homogenized with 1 mL of
methanol for 15 min. The homogenate was vortexed for
10 min using Vortex (Genie, USA) and centrifuged for 20
min at 4 °C, 14,000 g. (Eppendorf 5402, USA). The elec-
trochemical analysis of the supernatant followed.

2.4. Electrochemical Measurements

Electrochemical measurements were performed us-
ing an AUTOLAB analyzer (EcoChemie, The Netherlands)
in connection with a VA-Stand 663 (Metrohm, Zurich,
Switzerland), a standard cell with three electrodes. The
electrode system consisted of a carbon-paste working elec-
trode, an Ag/AgCl/3 mol L™ KCl reference electrode, and a
platinum wire counter electrode. Acetate buffer (0.1 mol
L™ CH,COOH + 0.1 mol L' CH,COONa, pH 4.0) was
used as the supporting electrolyte. Adsorptive transfer strip-
ping cyclic voltammetry (AdTS CV) was performed using
the following parameters: initial potential = 0.1 V, end po-
tential = 1.3 V, amplitude = 25 mV, step potential = 5 mV,
and frequency = 200 Hz. All experiments were carried out
at 25 °C. The raw data were treated using the Savitzky and
Golay filter (level 2) and a moving average baseline correc-
tion (peak width = 0.05 mV) of the GPES software.

2.5. Preparation of Carbon Paste Electrode

Carbon paste (about 0.5 g) was made of 70% graphi-
te powder (Sigma-Aldrich) and 30% mineral oil (Sigma-
Aldrich; free of DNase, RNase, and protease) according to
Kizek et al.*! and Masarik et al.”> This paste was housed in
a Teflon body having a 2.5-mm-diameter disk surface.
Prior to measurements, the electrode surface was renewed
by polishing with a soft filter paper. Then, the surface was
ready for measurement; sample volume was 5 pL.

2.6. Flow Injection Analysis and Liquid
Chromatography with Electrochemical
Detection

Flow injection analysis with electrochemical detec-
tion (FIA-ED) and/or high performance liquid chromato-
graphy with electrochemical detection (HPLC-ED) sys-
tem consisted of a solvent delivery pump operating in ran-
ge of 0.001-9.999 mL min~' (Model 583 ESA Inc.,
Chelmsford, MA, USA), a guard cell (Model 5020 ESA,
USA), a reaction coil (1 m) and/or a chromatographic co-
lumn (Polaris C18-A, 150 x 4.6 mm, 5 um particle size,
Varian, Inc., USA), and an electrochemical detector. The
electrochemical detector includes a low-volume flow-
through analytical cells (Model 5040, ESA, USA), which
is consisted of glassy carbon working electrode, palla-
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dium electrode as reference electrode and auxiliary car-
bon electrode, and Coulochem III as a control module.
The sample (5 pL) was injected manually. The obtained
data were treated by CSW 32 software. The experiments
were carried out at room temperature. Guard cell potential
was 0 V. Acetate buffer (pH = 4.0) and methanol in ratio of
60:40 (V/v, %) was used as the mobile phase with the flow
of 0.55 mL min™".

A glassy carbon electrode was polished mechani-
cally by 0.1 pm of alumina (ESA Inc., USA) and sonica-
ted at the laboratory temperature for 5 min using a Sono-
rex Digital 10 P Sonicator (Bandelin, Berlin, Germany) at
40 W.

3. Results and Discussion

3.1. Detection of Capsaicin Using Cyclic
Voltammetry

Primarily we aimed at investigation of the basic
electrochemical behaviour and properties of pure capsai-
cin by means of cyclic voltammetry carried out on a sta-
tionary electrochemical analyzer. We found out that the
capsaicin was electroactive and gave an electrochemical
response at approximately 0.6 V measured in the presence
of 0.2 mol L™ acetate buffer (pH 4). These parameters we-
re consequently used in the flow system to determine cap-
saicin. The characterisation and optimisation of capsaicin
determination in the flow system was carried out by using
flow injection analysis coupled with an electrochemical
detector.

3.2. Flow Injection Analysis with
Electrochemical Detection
We attempted to optimize the FIA-ED technique to
determine capsaicin prior to analysis of real samples.
Thus, the effect of different potentials at the glassy carbon
working electrodes within the range from 100 to 850 mV
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Figure 3. Hydrodynamic voltammogram of capsaicin (10 ug mL™),
mobile phase flow rate 0.4 mL min™'; inset: the dependence of cap-

saicin signal on the methanol content in the mobile phase

on capsaicin signal was investigated. According to previ-
ous research, capsaicin and its derivatives can be oxidized
in the range from 600 to 900 mV.'*?*2* As the most sui-
table working electrode potential, 750 mV was chosen
(Figure 3).

Under these conditions, we studied the influence of
mobile phase composition on the capsaicin signal (Figure
3, inset). The signal of capsaicin increased with increasing
methanol content up to 40% and then decreased rapidly.
This phenomenon is associated with negative effect of or-
ganic solvents on electrochemical detection of a com-
pound of interest.*"" It clearly follows from the results
obtained that the optimal mobile phase consists of acetate
buffer (pH 4) and methanol in the ratio 40 : 60 (V/v, %).
Under the most suitable conditions for capsaicin detec-
tion, we constructed the calibration curve (Figure 4).
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Figure 4. Dependence of capsaicin signal height on its concentra-
tion; inset: FIA ED signals capsaicin at 31.3, 62.5 and 125 pg mL™.
Detection potential 750 mV, mobile phase of acetate buffer (pH 4)
and methanol in ratio 40:60 (V/v, %), flow rate 0.5 mL min".

3.3. High Performance Liquid
Chromatography with Electrochemical
Detection

There is considerable literature regarding chromato-
graphic determination of capsaicin in connection with va-
rious detectors.”®>> HPLC-ED has not been utilized for
the determination of capsaicin yet. After the optimization
of electrochemical detection, the appropriate chromato-
graphic conditions were selected. A typical chromatogram
of capsaicin standard is shown in Figure 5. We observed a
well separated signal of capsaicin at 20.5 min. The peak at
18.8 min could be associated to dihydrocapsaicin, which
is the most commonly impurity of commercially available
capsaicin standard. The obtained chromatographic signals
on electrochemical detector were well defined, symmetric
and increasing linearly with concentration (Figure 5, in-
set). The equation of the calibration curve was y =
14.968x + 194.99 with coefficient of R* = 0.9948. The de-
tection limit of our technique was 5 pmol of capsaicin per
injection (5 pL) or 305 ng mL™".
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Figure 5. HPLC-ED chromatogram of capsaicin (100 ug mL™); in-
set: the dependence of capsaicin signal on its concentration. For
other details see Figure 4.

3.4. Determination of Capsaicin
in Real Samples

This optimized method was used to analyze the
difference in capsaicin content in various cultivars of
pepper from the Collection of Gene Bank in Olomouc. It
clearly follows from the results obtained (Table 1) that
capsaicin is not evenly distributed in pepper fruit. In ge-
neral, the highest capsaicin concentrations are found in
the ovary and in the lower flesh and the lowest capsaicin

content can be found in seeds. These results are in a
good agreement with the common knowledge of pepper
consumers regarding the pungency of different parts of
pepper fruit.

4. Conclusion

There is some literature available on determination of
capsaicin.'*?%3542 High performance liquid chromato-
graphy coupled with fluorescent or mass spectrometry de-
tectors are the most commonly techniques used for this pur-
pose. The detection limits vary from a few tenths to a few
ten ng of capsaicin per mL, whereas none of them can be
miniaturized easily. On the other hand, electrochemical
techniques enable us to determine various biologically im-
portant compounds*~* and also to miniaturize the sample
consumption with sufficient sensitivity and low detection li-
mits.**>! Here, we suggested a new way of capsaicin deter-
mination based on the use of high performance liquid chro-
matography with electrochemical detection. The method has
a comparable detection limit and can be used for characteri-
sation of pepper cultivars with respect to capsaicin content.
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Table 1. Content of capsaicin in different parts of a fruit (mg of capsaicin per 100 g of fresh weight).

Variety Ovary Bottom flesh Upper flesh Seeds
Takanotsume 227 122 21 6.2
Cecei Fellallo 19 2.7 1.8 2.2
Novoselska kapie 0.70 1.14 0.81 0.6
Novoselska kapie* 2.2 0.93 0.82 1.1
Bogyiszloi Vastaghusu 1.26 0.98 0.87 0.77
Jubila 1.38 1.33 1.08 0.82

6. References

1. V. S. Govindarajan, CRC Crit. Rev. Food Sci. Nutr. 1985, 22,
109-176.

2. V. S. Govindarajan, CRC Crit. Rev. Food Sci. Nutr. 1986, 23,
207-288.

3. D. Wang, P. W. Bosland, Hortscience 2006, 41, 1169-1187.

4. V. S. Govindarajan, CRC Crit. Rev. Food Sci. Nutr. 1986, 24,
245-355.

5. V. S. Govindarajan, D. Rajalakshmi, N. Chand, CRC Crit.
Rev. Food Sci. Nutr. 1987, 25, 185-282.

6. G. A. Cordell, O. E. Araujo, Ann. Pharmacother. 1993, 27,
330-336.

7. V. S. Govindarajan, M. N. Sathyanarayana, Crit. Rev. Food
Sci. Nutr. 1991, 29, 435-474.

8.R. L. Tominack, D. A. Spyker, J. Toxicol.-Clin. Toxicol.
1987, 25, 591-601.
9.Y. Monsereenusorn, S. Kongsamut, P. D. Pezalla, CRC Crit.
Rev. Food Sci. Nutr. 1982, 10, 321-339.
10. M. N. Sathyanarayana, Crit. Rev. Food Sci. Nutr. 2006, 46,
275-328.
11. S. Buratti, N. Pellegrini, O. V. Brenna, S. Mannino, J. Agric.
Food Chem. 2001, 49, 5136-5141.
12. M. Contreras-Padilla, E. M. Yahia, J. Agric. Food Chem.
1998, 46, 2075-2079.
13. D. E. Henderson, A. M. Slickman, S. K. Henderson, J. Agric.
Food Chem. 1999, 47, 2563-2570.
14. T. Kawada, T. Watanabe, K. Katsura, H. Takami, K. Iwai, J.
Chromatogr. 1985, 329, 99-105.

Supalkova et al.:  Study of Capsaicin Content ...



Acta Chim. Slov. 2007, 54, 55-59

15. J. Patocka, Vesmir 2005, 84, 711-711.

16. A. Tiwari, M. P. Kaushik, K. S. Pandey, R. S. Dangi, Curr.
Sci. 2005, 88, 1545-1546.

17. J. Szolcsanyi, Neuropeptides 2004, 38, 377-384.

18. T. K. Yun, Update from Asia — Asian studies on cancer che-
moprevention, 1999, pp. 157-192: Cancer Prevention:
Novel Nutrient and Pharmaceutical Developments, New
York Acad Sciences, New York.

19.Y.J. Surh, Cancer J. 1998, 11, 6-10.

20.A. Mori, S. Lehmann, J. O’Kelly, T. Kumagai, J. C.
Desmond, M. Pervan, W. H. McBride, M. Kizaki, H. P.
Koeffler, Cancer Res. 2006, 66, 3222-3229.

21. R. Kizek, M. Masarik, K. J. Kramer, D. Potesil, M. Bailey, J.
A. Howard, B. Klejdus, R. Mikelova, V. Adam, L. Trnkova,
F. Jelen, Anal. Bioanal. Chem. 2005, 381, 1167-1178.

22. M. Masarik, R. Kizek, K. J. Kramer, S. Billova, M.
Brazdova, J. Vacek, M. Bailey, F. Jelen, J. A. Howard, Anal.
Chem. 2003, 75, 2663-2669.

23. Q. Zhou, Y. X. Zhu, C. A. Hwa, K. Yagiz, D. J. Morre, D. A.
Morre, E. Janle, P. T. Kissinger, Phytochem. Anal. 2004, 15,
117-120.

24. B. Klejdus, J. Vacek, V. Adam, J. Zehnalek, R. Kizek, L.
Trnkova, V. Kuban, J. Chromatogr. B 2004, 806, 101-111.

25. R. Mikelova, J. Baloun, J. Petrlova, V. Adam, L. Havel, J.
Petrek, A. Horna, R. Kizek, Bioelectrochemistry 2007, in
press.

26. J. Petrlova, R. Mikelova, K. Stejskal, A. Kleckerova, O.
Zitka, J. Petrek, L. Havel, J. Zehnalek, V. Adam, L. Trnkova,
R. Kizek, J. Sep. Sci. 2006, 29, 1166—-1173.

27.D. Potesil, J. Petrlova, V. Adam, J. Vacek, B. Klejdus, J.
Zehnalek, L. Trnkova, L. Havel, R. Kizek, J. Chrom. A 2005,
1084, 134-144.

28. F. Higashiguchi, H. Nakamura, H. Hayashi, T. Kometani, J.
Agric. Food Chem. 2006, 54, 5948-5953.

29.1J. J. Tewksbury, C. Manchego, D. C. Haak, D. J. Levey, J.
Chem. Ecol. 2006, 32, 547-564.

30. G. F. Barbero, M. Palma, C. G. Barroso, J. Agric. Food

Chem. 2006, 54, 3231-3236.
. B. Chayapathy, N. Prasad, H. B. Gururaj, V. Kumar, P.
Giridhar, R. Parimalan, A. Sharma, G. A. Ravishankar, J.
Agric. Food Chem. 2006, 54, 1854—1859.

3

—

Povzetek

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

U. Schweiggert, R. Carle, A. Schieber, Anal. Chim. Acta
2006, 557, 236-244.

N. Kozukue, J. S. Han, E. Kozukue, S. J. Lee, J. A. Kim, K.
R. Lee, C. E. Levin, M. Friedman, J. Agric. Food Chem.
2005, 53, 9172-9181.

O. Spicer, J. R. Almirall, Talanta 2005, 67, 377-382.

A. Saria, F. Lembeck, G. Skofitsch, J. Chromatogr. 1981,
208, 41-46.

S. P. Tucker, Aihaj 2001, 62, 45-48.

C. Turgut, B. M. Newby, T. J. Cutright, Environ. Sci. Pollut.
Res. 2004, 11, 7-10.

C. A. Reilly, D. J. Crouch, G. S. Yost, A. A. Fatah, J. Anal.
Toxicol. 2002, 26, 313-319.

P. Manirakiza, A. Covaci, P. Schepens, J. AOAC Int. 1999,
82, 1399-1405.

A. Laskaridou-Monnerville, J. Chromatogr. A 1999, 838,
293-302.

C. A. Reilly, D. J. Crouch, G. S. Yost, A. A. Fatah, J.
Chromatogr. A 2001, 912, 259-267.

J. Lu, M. Cwik, J. Chromatogr. B 1997, 701, 135-139.

J. Vacek, Z. Andrysik, L. Trnkova, R. Kizek, Electroanalysis
2004, 16, 224-230.

R. Kizek, J. Vacek, L. Trnkova, B. Klejdus, V. Kuban, Chem.
Listy 2003, 97, 1003-1006.

S. Billova, R. Kizek, F. Jelen, P. Novotna, Anal. Bioanal.
Chem. 2003, 377, 362-369.

P. Babula, D. Huska, P. Hanustiak, J. Baloun, S. Krizkova, V.
Adam, J. Hubalek, L. Havel, M. Zemlicka, A. Horna, M.
Beklova, R. Kizek, Sensors 2006, 11, 1466-1482.

J. Prasek, M. Adamek, J. Hubalek, V. Adam, L. Trnkova, R.
Kizek, Sensors 2006, 11, 1498-1512

V. Supalkova, J. Petrek, L. Havel, S. Krizkova, J. Petrlova, V.
Adam, D. Potesil, P. Babula, M. Beklova, A. Horna, R.
Kizek, Sensors 2006, 11, 1483—-1497.

V. Adam, J. Petrlova, D. Potesil, J. Zehnalek, B. Sures, L.
Trnkova, F. Jelen, R. Kizek, Electroanalysis 2005, 17,
1649-1657.

V. Adam, J. Zehnalek, J. Petrlova, D. Potesil, B. Sures, L.
Trnkova, F. Jelen, J. Vitecek, R. Kizek, Sensors 2005, 5, 70-84.
J. Petrlova, D. Potesil, J. Zehnalek, B. Sures, V. Adam, L.
Trnkova, R. Kizek, Electrochim. Acta 2006, 51, 5169-5173.

Pekoci okus paprike izvira iz Sestih kemijsko sorodnih spojin, ki izvirajo iz skupine fenilalkilamidnih alkaloidov (kap-
saicinoidi). Kapsaicin in njegov derivat dihidrokapsaicin dajeta najbolj peko¢ obcutek. Cilj dela je bil dolocitev vsebno-
sti v razli¢nih delih plodu. V ta namen smo optimizirali metodo tekocinske kromatografije z elektrokemijsko detekcijo.
Najprimernejsi pogoji so bili: potencial delovne elektrode 750 mV, eluent: acetatni pufer (pH 4) in metanol v razmerju
40 : 60 (V/V). Na ta na¢in smo lahko dolocili pm kapsaicina v injecirani prostornini.

Dolocili smo vsebnost kapsaicina v plodovih razli¢nih kultivarjev. Najve¢ ga vsebuje »Takanotsume« (227 mg na 100 g

sveze mase).
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