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SUMMARY 

An improved method is described for the simuitaneous determination of 
capsaicin and its analogues at levels from nanograms to micrograms using high- 
performance liquid chromatography (HPEC) znd gas chromatography-mass spectrom- 
etry. This method consists of tvvo steps: firstly, pnrification and determination of 
total capsaicinoid by HPLC, and secondiy. the simul~eous determination of cap- 
s&in and its analogues by mass chromatography (MC) or mass fragmentography 
(MF). Crude extracts of capsaicinoid were purilied with a Zorbax SIL cohmm. Total 
capsaicinoid was detected at 235 nm and xmasmed autom&ic&y by a microcomput- 
er. It was collected, evaporated, trimethylsilylated and subjected to MC or Ml?. 
After monitoring the molecular ions of trimethylsilyl derivatives of capsaicinoid and 
the internal standard, the absolute contents of each analogue were determined by 
computer. By using this method, capsaicin and ah of its analogues can be dete_tied 
simultaneously at Ievels from micrograms to nanograms without any interfere&& 
from other components. 

INTRODWXLON 

Capsicum fruit (hot pepper or red pepper) is one of the most -widely used 
spices, together with pepper, paprika, nutmeg, cinnamon and ginger, and is used in 
!c~ods such as curries, sauces and Chinese and Mexican dishes. 

The pungent principIe of capsicum fruit is a group of compounds Cailed cap- 
kcinoid, which is an acid amide of vanillykmine and C&r, branched fatty acids. 
3ve analogues of capsaicinoid have been reported: caps&in, dihydrocapsaicin, 
rordihydrocapsaicin, homocapticin and homodihydrocapsaicin. Of these, capsakin 
:nd dihydrocapsaicin are the major components of most Capshun species. 

- To whom correspcadence should be addressed. 
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There has been much interest in the capsaicinoid analogues from various 
viewpoints: for instance, are there any significanF relationships between Capsicum 
species and analogue compositions., 3. how are they biosynthesized?; does the difTerence 
in the comp_osition of analogues have any significant influence on the strength and/or 
qualities of pungency?; and how are they metabolized in animal bodies? 

Although many papers dealing with capsaicinoid from the viewpoints of 
geneticsl, biogenesi&s, food chemistry9 and physiology*“-12 have been reported, the 
data have been restricted to the total capsaicinoid level because most of the conven- 
tional methods for the analysis of capsaicinoid, such as colorimetry13-17, gas chroma- 
tography (GC)1B-21, thin-layer chromatography (TLC)22-26, nuclear magnetic res- 
onance spectrometry” and paper chromatography 16, have inadequate sensitivity 
and/or give a poor resolution of analogues. Therefore, a new method is required in 
order to answer satisfactorily the above questions. 

In our earlier work, a method for the simultaneous determination of capsaicin, 
dihydrocapsaicin and nordihydrocapsaicin by using mass fragmentography (MF) 
was proposed2*_ In that method, in order to purify crude capsaicinoid extract, oleores- 
in is first subjected to TLC on silica gel. However, when using a silica geI G piate, a 
large excess of interfering substances such as carotenes, if present_, cannot be removed 
completely without following a time-consuming and compiicated procedure. More- 
over, the number of mass peaks that can be simultaneously monitored by MF is 
limited to only three, so the true simultaneous determination of five analogues can 
be accomplished only by another method. Therefore, we have developed an improved 
method for the true simultaneous determination of all five capsaicinoid anaiogues by 
using HPLC and mass chromatography (MC) instead of silica gel TLC and-MF. 

EXPERIMENTAL 

Equipment and operating conditions 
High-performance liquid chromatography. The chromatograph used for the 

purification and quantification of total capsaicinoid was a Shimsdzu-DuPont Type 
LC-2 equipped with an SPD-1 spectrophotometer as a detector, and with a Shimadzu 
Chromatopac E-IA microcomputer for automatic quantification and peak detection. 
A Rheodyne 7120 syringe loading sample injector was used in place df a standard 
septum-type injector. A DuPont Zorbax SIL column (150 mm x 4.6 mm I.D.) was 
used for the purification and col!ecFion of total capsaicinoid. 

isopropanol-n-hexane-meFhanoI(lO:90:1) was used as the developing solvent 
system. The column pressure was kept at 50 kg/cm2. As the absorption maximum of 
capsaicinoid was ca. 230-235 nm in the above solvent system, the wavelength of the 
SPD-1 was fixed at 235 nm. The column was run at room temperature. Monitoring of 
peak retention times and peak areas and calibration were performed automatically 
by the E-IA microcomputer. 

Mass chromarography. MC for the simultaneous determination of capsaicinoid 
was carried out on a Shimadzu-LKB 9ooO combined gas chromatograph-mass spec- 
trometer equipped with an MS-PAC 300DGB computer data system. The separation 
column used (2 m x 3 mm I.D.) was packed with 3% SE-52 on Chromosorb U 
(SW30 mesh, acid washed and silanized). The column temperature was kept at 260’. 
the molecular separator temperature at 280” and the ion source temperature at 290'. 
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The carrier gas flow-rate was 30 mJ/min. The ionization energy, acceleration voltqe, 
trap current and shts were set at 20 eV, 3.5 kV, 60 PA and 0.1 mm, respectively. Mass 
spectra were recorded automatically at intervals of 10 set with a scanning speed of 8. 
The of&et time and stop time were set at 2 and 10 mm, respectively. The threshold 
Ieve was set at 100, and mass spectra were recorded from m/e 30 to 450. For calibra- 
tion purposes 0.1-1.0 pg of authentic capsaicinoid was injected together with 0.5 pg 
of la-cholestane as the internal standard. 

lwass fragmentography. MF for the simultaneous determination of three cap- 
saicinoid analogues was car~?ed out using the Shimadzu-LKB 9000 instrument and 
MID-PM 9060s multiple ion detector. As the number of channels capable of moni- 
toring molecular ion peaks was limited to only three, capsaicin (m/e 377), dihydro- 
capsaicin (m/e 379) and nordihydrocapsaicin (m/e 365) were monitored first, then 
homocapsaicin (m/e 391) and homodihydrocapsaicin (m/e 393) later. 5-a-Cholestane 
was used as the internal standard. The conditions for GC-mass spectrometry (MS) 
were as described above, and the conditions for MF were as described in a previous 
papef14. 

Materials 
Capsaicin, dihydrocapsaicin, nordihydrocapsaicin, homocapsaicin and homo- 

dihydrocapsaicin were synthesiied according to Rangoonwala and Seitz’s procedurezg. 
5-o-Cholestane, used as the internal standard in MC and MF, and ethyl acetate 
(guaranteed reagent grade), used as a solvent and as the interna standard in HPLC, 

_ were obtained from Nakarai Chemicals Co. (Kyoto, Japan). The trimethylsilylation 
reagent, TMS-HT, was obtained from Tokyo Kasei Kogyo (Tokyo, Japan). The 
other chemicals used were all of guaranteed reagent grade and were obtained from 
Nakarai Chemicals Co. 

Dried fruits of Capsicutn annuum var. annum cv. Karayatsubusa, C. annuum 
var. annuulll cv. Takanotsume (H) and C. ~nn~uni var. arztzuum cv. Chili were obtained 
from the National Vegetable Experimental Station at Kurume, Japan. Laha You 
(red pepper oil), a typical Chinese food additive, was prepared by mixing a crude 
extract of C. GN~UU~ var. annlnrm cv. Karayatsubusa with hot sesame oil to make a 
co. 0. I oA capsaicinoid solution. 

Procedure 
About 0.1-1.0 g of powdered dried capsicum fruits was mixed with 40 vo!umes 

of acetone and/or ethyl acetate and filtered. The filtrate was concentrated under 
reduced pressure, then evaporated to dryness under a stream of nitrogen. The crude 
capsaicinoid extract was dissolved in known volumes of ethyl acetate, which also acted 
as the internal standard. When insoluble materiafs remained, the residue was removed 
by filtration prior to injection. Ten microlitres of solution were generally injected. 

The retention times, absolute voIumes of ethyl acetate and weight of capsaici- 
noid were printed out by the E-IA microcomputer. Eluates corresponding to capsaici- 
noid were cohected at the fractionation vent of the LC-2, then the solvent was evap- 
?rated under a stream of nitrogen and the residue was trimethyisilylated for MC or 
MF. About a IO-ICKI-fold excess of TMS-HT reagent was added, and the mixture was 
cept overnight at room temperature in a desiccator or heated at 50-60” for U-30 min. 
‘he known amount of 5-a-cholestane present was calculated manually from the pea 
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width at half-height, and the capsaicinoid contents were determined from previously 
prepared calibration graphs. Each experiment was repeated three or four times. 

RESULTS AND DISCUSSION 

High-performance iiquid chromatography of capsaicinoid 
As shown in Fig. 1, the absorption maximum of capsaicin iu the solvent 

system used in HPLC was about 235 run, and other capsaicinoid analogues also 
showed similar absorption maxima. The molar absorption coefficient of capsaicin 
was about 9300 and the other compounds also showed similar values. 

, 

,,;,h 
250 300 (rim) 

WAVELENGTH 

Fig. 1. UltraGolet adsorption spectrum of capsaicin. Solvent: isopropanol-n-hexmethao1 
(10:90:1). The spectrum was recorded with a Hitachi 124 spectrophotometer fitted ~5th a Hitachi 
xxorder. 

Fig. 2a shows the elution pattern of capsaicinoid which was obtained by using 
a column which showed only slight adsorption of chlorophylls. When 5-1Opg of 
capsaicinoid mixture was injected, dihydrocapsaicin and capsaicin were separated 
from each other with a resolution of 0.3. Dihydtocapsaicin was eluted after ca. 6.8 min 
and capsaicin after ca. 7.1 min. Homodihydrocapsaicin was eluted at about the 
same position as dihydrocapsaicin, and nordihydrocapsaicin and homocapsaicin had 
retention times similar to that of capsaicin. 

When the column was aged and contaminated by repeated injections of crude 
samples, no resolution between dihydrocapsaicin and capsaicin could be observe<1 
(Fig_ 2b). However, it is not important whether dihydrocapsaicin and capsaicin wert 
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Fig. 2. Elution pattern of crude capsaiciaoid extract from Capsicmz fruits of C. annumz VW. annr~rm 
cv. Karayatsubusa on the Zorbax SIL column. (150 x 4.6 mm I.D.). Isopropanol-n-hexane- 
methanol (10:90:1) was used as the developing solvent. Elution was carried out at room tempera- 
ture, and eluates were detected at 235 nm. The arrows indicate the injection of the sample. (a) Elution 
pattern of crude capaaicinoid extract obtained from the column with only slight adsorption of chloro- 
phylls. (b) Elution pattern of crude capsaicinoid extract obtained from the column which was consider- 
ably contaminated by large amounts of chlorophylls_ Peaks: 1 = carotenes; 2 = ethyl acetate; 
3 = dihydrocapsaicin; 4 = capsaicin and nordihydrocapsaicin. 

resolved or not in this instance because these analogues can be identified and quanti- 
fied by subsequent MC. Carotenes, one of the major interfering compounds, was 
eluted between ethyl acetate and capsaicinoid. When a large excess of chlorophylls 
(generally more than 100 pg of chlorophylls per 10 ~1) are loaded, the column shouid 
be reconditioned by elution of chloroform or methylene chloride in order to remove 
the adsorbed chlorophylls. . 

In Fig. 3, calibration graphs for capsaicin, dihydrocapsaicin, nordihydro- 
capsaicin, homocapsaicin and homodihydrocapsaicin prepared by microcomputer 
are shown. Linear relationships were found for amounts between 0.1 and 15 pg for 
each analogue. 

Data for Laha You obtained from injections repeated four times are presented 
in Table I. Although 10 ,~l of sample solution were taken and injected, the volume 
actually injected was lower in each case: the mean value of the real injected volume 
was 8.72 + 0.6 ~1 (standard deviation) (6.8% relative standard deviation). The mean 
value of the total capsaicinoid weight was 1.59 5 0.13 kg (standard deviatiori) (8 ‘A 
relative standard deviation). When the weight of capsaicinoid in each injection was 
corrected to the weight in 10 ~1, the mean value was 1.82 i- 0.02 pg (1.1 oA relative 
standard deviation). Therefore, the real injected volume should be checked and the 
data corrected by use of the internal standard _ - 
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CAF’SAlCINOID 
Fig. 3. Calibration graphs for five capsaicinoid analogues on a Zorbax SIL ~olurnn. R = ratio of 
weight of caps+icinoid analogue to the volume of the internal standard (ethyl acetate). 6!& Capsakin; 
ga, dihydrocapsaicin; A, nordihydrocapsaicin; 0, homocapsaicin; v, homodihydrocapsaicin. 

TABLE I 

REPRODUCIBILITIES OF INJECTED VOLUMES AND AMOUNTS OF CAPSAICINOID 
ELUTED IN HPLC 

Ten microlitres of capsaicinoid extract of Laha You (red pepper oil) in ethyl acetate solution were 
used for each injection, and injected on to a Zor’ba.. SIL column (150 mm x 4.6 mm I.D.). Volumes 
actually injected 2nd amount of total capsaicinoid eluted were detected at 235 nm, and calibrated 
automatically by the E-IA microcomputer. 

Sample volume VoIume actually 
taken (PI) injected ($) 

Amount of 
capsaicinoid eluted (pg) 

Corrected atnomt of 
capsaicinoid (pg per 10 ml) 

10 8.4 1.49 1.79 
10 . . 9.7 1.79 1.85 
10 8.3 1.51 1.82 
10 8.4 1.52 1.81 
10 8.8 1.62 1.83 
Mean & S.D. 8.7 2 0.6 1.59 i_ 0.13 1.82 * 0.02 

Mass chromcltography and mass fragmentography 
Calibration of the molecular ion peaks of trimethyIsiIyIated derivatives of 

nordihydrocapsaicin, capsaicin, dihydrocapsaicin, homocapsaicin and homodihydro- 
capsaicin in MC was carried out automatically with the MS-PAC 300 DGB computer 
data system using 5-axholestane as the internal standard. The equations for the cali: 
brat ion of each analogue were as follows : y = -0.13596xZ + I .2647x + 0.025939 for 
capsaicin, y = -0.033649xL f 0.63294~ + 0.013145 for dihydrocapsaicin, y = 0.9~ 
for nordihydrocapsaicin, y = -0.15441.~ f 1.3343x t 0.026233 for homocap- 
saicin and y = -0.070138x2 t 0.84805x + 0.033528 for homodihydrocapsaicin. 
where y is the ratio of the weight of sample to that of 5-a-cholestane, ranging from 
0.1 to 1 .O .ug, and x is the ratio of the peak areas of the molecular ions of each analogue 
to that of S-a-choiestane (m/e 372). 
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Fig. 4. Ma.ss chromztogram of five cqssicinoid anafogues. &MC was carried out OQ a Shimadnr- 

LKB 9ooo instrument equipped with an MS-PAC 3G0DGB computer system using a 3% SE-52 on 
Cbromosorb column (2 m x 3 mm LD.). Total = cbrom&ogrixm obtained by monitoring totztl ion 
with total ion cokctor; NDC = 0-TMS derivative ofnord&~drocapsaicin; CAP = O-TM’S deriva- 
tive of czpsaicin; DC = 0-TMS derivative of dihydr~psaicin; HC = O-TMS derivative of bomo- 
czpsaicin; EEDC = 0-TMS derivative of homodihydroczpsaicin; CHOL = S-a-cboktane (i&e& 
standard). The arrows indicate the peak of easb cqsakiaoid analogue and ffie internal standard. 

. 

TABLE II 

PEAK RETEhTION TIMES, PEAK AREAS, RELATIVE PEAK AREAS AND ABSOLUTE. 
CONTENTS OF FIVE CAPSAKINOID ANALOGUES DETERMINED BY MASS CHROMA- 
TOGRAPHY 

~qmzictkoid l+f+ Is Area * Relative Absolute capsafcinoid Reaicopsahiraid 
unalog~~e (ml4 tmin) peak area content (pg) content (pg) * 

~J~rdihydrocapsaicitt 365 3.83 4778 8120 5.07 . 0.08 
! Yipsakin 377 4.59 2949 5012 0.11 0.10 .: 
’ Ghydrocqsaicin 379 4.47 5096 8661 0.09 0.10 
i i omocapsaicin 391 5.67 3043 5171 0.12 0.10 

‘~modihydrocapsaicin 393 6.09 3882 6596 0.10 0.10 

* Area means integrated total ion intensities of each mokcular ion (MC) which were ccnverted 
‘3 digital values by the analogue-digital converter in the MS-PAC 3WDGB system. 
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Fig. 4 is an example of the mass chromatogram of a mixture of the five authen- 
tic analoStms, viz., 0.08 ,ug of nordihydrocapsaicin (m/e 365), 0.1 pg of capsaicin 
@l/e 377), 0.1 pg of dihydrocapsaicin (m/e 379), 0.1 pg of homocapsaicin (m/e 391) 
and 0.1 pg of homodihydrocapsaicin (m/e 393). Retention times, peak areas, relative 

peak areas and absolute contents of the five analogues are presented in Table II. The 
values determined by MC virtually coincided with the real values. 

R 
7.0 

0 lo 20 30 40 50 60 7u 
CAPSAICINOI 0 <rql 

Fig. 5. Calibration graphs for five capsaicinoid analogues in mass fragmentogtaphy. R = ratio of 
molecular ion peak areas of capsaicinoid azalogues to those of the internal standard (5acholestane). 
In the preparation of the calibration graphs, 7 ng of the internal standard was used. e, Caps&in: 
q , dihydrocapsaicin; A, nordihydrocapsaicin; 0, ho_mocapsaicin; v’, homodihydrocapsaici. 

TABLE III 

TOTAL CAPSAICINOID CONTENTS AND COMPGSITIONS OF ANALOGUES IN 
VARIOUS CAPSICUM FRUITS AND LAHA YOU (RED PEPPER OIL), DETERMINED BY 
HPLC AND MASS CHROMATOGRAPHY OR MASS FRAGMENTOGRAPHY 
-___ 
Sample Total capsaicinoid content’ Composition of analogues* l (% j Methad 

ii,0 per m,o per g y;, w/w NDC CAP DC HC HDC 
IOpI of sample - - .- 

Karayatsubusa”’ (I) 12.2 6.08 0.61 7.61 35.33 56.06 ND to.01 MC 
Takanotsume”’ 5.1 2.56 0.26 14.23 32-M 52.94 ND ND MC 
Red chili”’ 
Karayatsubusa”‘(I1) i:T 

3.97 0.40 5.99 48.97 43.72 0.34 0.98 MC 
10.80 1 .os 4.90 41.60 53.40 ND 0.10 MF 

Lah2 You 1.8 0.90 0.09 0.10 68.00 31.90 ND ND MC 
.__--- 

* Values in the first column are weight of total capsaicinoid recovered from HPLC colutnn, acd 
values in the second and third columns are total capsaicinoid content expressed as milligrams p.r 
gram of dry fruit and weight percent. In the case of Iaha You, 0.9 mg of total eapsaicinoid is co::- 
tained in I g of the sample. 

** NIX = nordihydrocapsaicin; CAP = capsaicin; DC = dihydroapsaicin; HC = hot-i-.- 
capsaicin; HDC = homodihy-clroeapsaicin ND = not detected_ 

l *- Karayatsubusa = C. annuum var. annum cv. Karayatsubusa; Takanotsume = C. annur ‘7 
var. annwm cv. Takanotsume (H); Red chili = C_ annuum var. anmmm cv. R& Chili. Karayat. :- 
busa (I) and (IL) were harvested at different seasons. 
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C&ibraFion graphs for the five different anak~gues obtained by MF_are show&- 
in Fig. 5. Linearity be&w% 5 and 60 ng was corG?rm&. 

Table III gives res&s of ekples of appfietiom in which severat Capsiam 

fruik and Laha You were pwi&d and *heir to&l capsaicinoid contents quantified 

using a Zorbax SHL c;o[umn, foilowd by determination of the composition of the 
capticinoid analugues by MC or MF. The rest&s are meart v&.~es obtked by 
repeating the experiments three times. 

Atthough the sensitivity of MF when using the MID-PM 9060s is muchhigh~r 
than that of MC, it is k&ed in the capacity of mass nmnbers menitorizd in a sing&z 

measureme;Et, the m%.s range and tie stability of Fhe equipment. C&sequentIy~ for. 

convenience and time saving in rouFine analysis, microgram sampks of capsaicinoid 

shorrld be mlysed by MC, and nanogram sampIes should be subjected to MF. 
By this method, the simdtieous dete rmination of all five capsaicinoid 

analogues at levels from mic~ogmns to nanograms, which couId not be achieved by 

conventional methods, can be carried out w&bin 1-2 days. We believe that Fbe method 
proposed here is the most acclllitte and convenient presently avaiIabfe_ 
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