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Introduction

Spices are essential for adding color, fl avor and variety 
to our daily meals. In particular, red hot peppers (C. ann-
uum, C. frutescence, C. chinense, C. pubescens and C. baccatum) 
have greatly contributed to our diet along with black 
pepper1, 2）. Red hot pepper is rich in vitamin C, provita-
min A, and B vitamins3）. The pungent principle of red 
hot pepper, capsaicin (8-methyl-N-vanillyl-6-nonenamide) 
and its analogs, i.e., dihydrocapsaicin (N- (4-Hydroxy-
3-methoxybenzyl)-8-methylnonanamide), nordihydrocapsa-
icin (N- (4-Hydroxy-3-methoxybenzyl) -7-methyloctanamide), 
homocapsaicin ((3E)-N-(4-Hydroxy-3-methoxybenzyl)-9- 
methyldec-7-enamide) and homodihydrocapsaicin (N- 
(4-Hydroxy-3-methoxybenzyl)-9-methyldecanamide), are 
not essential micronutrients; however, the pungent com-
pound plays an essential role in enhancing appetite, and 
stimulating the secretion of gastric juices4）. Recent re-
search on capsaicinoids, i.e. capsaicin and its analogs,5） 

has revealed extremely important roles in human neuro-
biology5）. Capsaicinoids raise the heart rate, perspiration, 
and stimulate the release of endorphins.  The thermo-
genic eff ect of capsaicinoids in assisting the prevention of 
a particular metabolic syndrome is well known6）; namely, 
a study reported in 20087） that capsaicin alters energy 
utilization produced from ATP. Anticancer and apoptotic 
eff ects of capsaicin have been reported8, 9）; however, the 
co-carcinogenic activity of capsaicin has been reported, 
as well10）. In spite of such a negative report, the impor-
tance of hot red pepper as a spice has not been dimin-
ished.
A constant supply of high quality Capsicum fruits is nec-

essary for the food science industry and the pharmaceuti-
cal, medical, and forensic industries11）.  Continual efforts 
have been made to breed new and improved Capsicum 
species with higher Scoville heat units, an organoleptic 
measure of capsacinoid content often determined by a 
taste panel. Sensory evaluation is time consuming and 

Direct visualization of capsaicin and vanillylamine in 
Capsicum fruit with laser � uorometric imaging

Hideo SUZUKI1）, Mari OHTA1）, Tatsuo WATANABE2） and Tetsuya SUZUKI1）, 3）, †
1）Laboratory of Bio-Photonics, Graduate School for Creation of New Photonics Industries＊,

2）School of Food and Nutritional Sciences, University of Shizuoka＊＊ , 
3） ＊＊＊

Summary
Capsaicin, the pungent secondary metabolite found in fruit of the genus Capsicum, and vanillylamine, a metabolic 

precursor to capsaicin, are used in the food science, pharmaceutical, medical, and forensic industries; however, a rapid 
method to evaluate fruit for the presence of these two compounds is lacking. The present research describes the in 
situ visualization of capsaicin and its precursor in Capsicum fruit by laser-induced fl uorescence imaging and spectrometry. 
When excited by ultraviolet lasers at 266 nm, capsaicin and vanillylamine have peak fl uorescence emissions at 310 nm. 
The fl uorescence spectra of precursors of capsaicin and analogs, i.e., trans-caff eic acid, trans-ferulic acid, trans-para-cou-
maric acid, vanillyl alcohol, vanillin, vanillic acid, had diff erent peaks than those of capsaicin and vanillylamine. The lo-
calization of capsaicin and its immediate precursor, vanillylamine, was imaged with an ultraviolet-sensitive camera after 
excitation with a laser at 266 nm. Fluorescence images detected at 310 nm showed the localization of capsaicinoid and/
or vanillylamine on the surface of placenta and septa of Capsicum fruits. No fl uorescence specifi c to capsaicin and vanillyl-
amine was observed in seeds or pericarp. Both bell pepper and sweet pepper also showed 310 nm fl uorescence on the 
placental surface, suggesting the accumulation of vanillylamine in the placenta. Laser-induced imaging shows consider-
able promise as a suitable technique for rapidly screening Capsicum fruit for their capsaicin and vanillylamine contents.

 
　　＊Address：Kurematsu, West-Ward, Hamamatsu, Shizuoka, Japan
　＊＊Address：Yada, Suruga-Ward, Shizuoka, Shizuoka, Japan
＊＊＊Address： 39 Kessels Road., Coopers Plains, Brisbane, Queensland, Australia

† To whom all correspondence should be mailed. E-mail: t.suzuki@uq.edu.au

Trace Nutrients Research 28 : 35－39（2011）

Ntl Res Ctr Env Toxicol, Faculty of Health Sciences, University of Queensland

Original paper



― 36 ―

often depends on the sensitivity of individual tasters. For 
qualitative analysis of capsaicinoids, thin-layer chromatog-
raphy (TLC) has been the most popular method12, 13）; 
however, TLC requires extraction, concentration, and 
then a lengthy chromatographic process including sam-
ple application, development in the glass chamber, dry-
ing, and fi nally visualization with an appropriate color re-
agent such as 2,6-dichlorochinonechloroimide13, 14）. For 
more precise quantitative analysis of capsaicin and ana-
logues, gas chromatography-mass spectrometry, high per-
formance liquid chromatography, and high-performance 
liquid chromatography-mass spectrometry have been 
used15-17）.
Direct observation of the localized distribution of cap-
saicin and vanillylamine in Capsicum fruit without prelimi-
nary treatment will save time and money. By taking ad-
vantage of modern imaging technology with an ultraviolet 
laser and a digital UV camera system, we directly and 
qualitatively visualized the location of capsaicin and its 
immediate precursor, vanillylamine, in Capsicum fruit.  

Materials and Methods

1. Principles of the imaging system

The basic principle of the imaging system used in this 

study is based on the observation that excitation of cap-
saicinoids with ultraviolet light at 277 nm gives a fl uores-
cence emission in the UV-B region at 330 nm18, 19）. We as-
sumed that the fl uorescence emission of capsaicinoids in 
the UV-B region must be derived from 8-methyl-6-
vanillyl moieties. Therefore, capsaicin and probably the 
immediate precursor vanillylamine either should yield 
the same spectral peak. In our system, we introduced a 
digital UV camera in place of a HPLC detector to pres-
ent the location of capsaicinoid as images on a display. 
The imaging system used in this study is composed of a 
laser light source for UV light irradiation, a UV fl uores-
cence detection camera, and a UV spectrophotometer as 
shown in Fig. 1.

Individual hardware used in the experiment is as de-
scribed below:
Laser light source: OPO (optical parametric oscillator) 
(Hamamatsu Photonics, Japan) for fluorescence spectro-
photometric analysis. Nd: YAG laser (Hamamatsu Photon-
ics, Japan) for fl uorescence imaging.
Emission fl uorescence detector (UV-camera): UV-CCD 

camera (Hamamatsu Photonics, Japan)
UV spectrophotometer: Multi-channel spectrometer 
(Hamamatsu Photonics, Japan)

Fig. 1. Schematic outline of the UV laser fl uorescence imaging system 
The imaging system is composed of four parts: i.e., (A) laser light source section using a Nd: YAG laser (1064 nm, 7 ns, 30 Hz), 4th har-
monic frequency radio wave generator,  (B) specimen stage, (C) multichannel spectrometer, and (D) fl uorescence imaging camera using 
a CCD camera equipped with CCD control gain contrast. 
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2. Materials provided for the analysis

Prior to taking in situ images of capsaicinoids in Capsi-
cum fruits, UV fl uorescence spectra of authentic samples 
of compounds involved in capsaicinoid synthesis and re-
lated compounds taken.
Authentic samples were as follows: capsaicin and 
vanillylamine-HCl salt (reagent grade) were purchased 
from Sigma-Aldrich® ; guaranteed reagent grade precur-
sors of capsaicinoid, L-phenylalanine, L-tyrosine, trans-feru-
lic acid, trans-caffeic acid, p-coumaric acid, and vanillin, 
vanillic alcohol, and vanillic acid were purchased from 
Nacalai Tesque Co.®, Kyoto, Japan. Capsaicin was used 
as an ethanol solution, and other authentic standards 
were used as aqueous solutions.

Red hot pepper (Capsicum annuum var. annuum cv. Yat-
subusa) was purchased from a commercial market in 
Hamamatsu in September 2010. Fresh bell pepper (Capsi-
cum annuum var. annuum cv. Paprika) and fresh sweet pep-
per (Capsicum annuum var. annuum) were purchased from 
a commercial market in Hamamatsu in October 2010. 
Red hot pepper fruits (cv. Yatsubusa) were collected im-
mediately before each experiment, and cut into longitudi-
nal or cross sections with a sharp scalpel. For both the 
bell pepper and sweet pepper, fruits were cut open im-
mediately before fl uorometric analysis.

3.  Fluoro-spectrophotometric analysis of capsaicin, 

its precursors and related vanillyl-compounds

Firstly, fl uorescence spectra for capsaicin, its precur-
sors and related vanillyl-compounds were taken. Each 
sample (10~20 micro-liters) was placed on the sample 
stage, and entirely irradiated by the UV-C (270 nm) beam 
spot. The fl uorescence spectrum of the sample was mea-
sured immediately after the sample was placed on the 
stage.

4.  Imaging of capsaicin and vanillylamine in Capsi-

cum fruit with a UV-camera

Secondly, after recording the fluorescence spectra of 
capsaicin, its precursors and vanillyl-compounds, red hot 
pepper fruits were cut longitudinally or in cross section 
and placed on the sample stage. The fruits were exposed 
to UV-C (266 nm) light and the fl uorescence images were 
recorded within a few minutes by the UV camera. 

Results and Discussion

1. Fluorometric spectra of capsaicin and four of its ma-
jor precursors are shown in Fig. 2. Capsaicin showed a 

fl uorescence maximum at 310 nm. Capsaicin’s immediate 
precursor, vanillylamine, also showed a fl uorescence max-
imum at the same wavelength. Fluorescence maxima of 
the three other precursors were at distinctively diff erent 
wavelength regions. Phenylalanine and trans-caff eic acid 
both showed different fluorescence maxima (data not 
shown). As we predicted, the fluorescence maxima of 
capsaicinoids should be attributed to the 8-methyl-N-
vanillyl moieties, because the fl uorescence maximum of 
vanillylamine (8-methyl-N-vanillylamine) completely coin-
cided at 310 nm. On the other hand, those of vanillin, va-
nillic acid, and vanillyl alcohol did not coincide in spite of 
similar structures, a result that also strongly indicates 
the amine moiety is responsible for the fluorescence 
maximum at 310 nm.

2. Imaging of capsaicin and/or vanillylamine in Capsicum 
fruits
Fig. 3 and Fig. 4 show fl uorescence images of hot red 
pepper, Capsicum annuum var. annuum cv. Yatsubusa and bell 
pepper (Capsicum annuum cv. Paprica), respectively. The 
bright white zone observed with red hot pepper corre-
sponds to the placenta and septum tissue, whereas no 
bright fl uorescence was observed for pericarp tissues or 
seeds. Since capsaicin is known to localize in placental 
tissues20-22）, our results were in coincidence with our pre-
vious reports. HPLC analysis of capsaicin and vanillyl-
amine in the Capsicum fruits confi rmed the localization of 
capsaicin and its precursor vanillylamine was localized in 
the septa and placenta (data not shown).
Although preliminary our data show that capsaicin 

Fig. 2.  UV fl uorescence spectra of capsaicin and related compounds
UV fl uorescence spectra of capsaicin and its precursors. 
The excitation wavelength was 266 nm. Spectra for authentic sam-
ples of (1) trans-p-coumaric acid, (2) ferulic acid, (3) vanillylamine, (4)  
vanillin and (5) capsaicin were taken. 
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and its immediate precursor, vanillylamine, could be di-
rectly visualized in Capsicum fruit; however, the data 
present in this paper are qualitative. We are now inves-
tigating ways to obtain semi-quantitative data. Hopefully, 
a compact device that enables breeders and producers 
to monitor capsaicin content on site will be developed as 
a commercial product in the near future.
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