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Pepper plants accumulate pungent bioactive alkaloids called piperamides. To facilitate studies in
this area, high-performance liquid chromatography (HPLC) and liquid chromatography/mass
spectrometry methods were developed and used to measure the following piperamides in 10
commercial whole (peppercorns) and in 10 ground, black, white, green, and red peppers: piperanine,
piperdardine, piperine, piperlonguminine, and piperettine. Structural identification of individual
compounds in extracts was performed by associating the HPLC peak of each compound with the
corresponding mass spectrum. The piperanine content of the peppers (in mg/g piperine equivalents)
ranged from 0.3 for the ground white pepper to 1.4 in black peppercorns. The corresponding range
for piperdardine was from 0.0 for seven samples to 1.8 in black peppercorns; for four isomeric
piperines, from 0.7 for red to 129 in green peppercorns; for piperlonguminine, from 0.0 in red
peppercorns to 1.0 in black peppercorns; and for piperyline, from 0.9 in ground black pepper to 5.9
for red peppercorn. Four well-separated stereoisomeric forms of piperettine with the same molecular
weight were present in 19 peppers. The sums of the piperamides ranged from 6.6 for red to 153 for
green peppercorns. In contrast to large differences in absolute concentrations among the peppers,
the ratios of piperines to total piperamide were quite narrow, ranging from 0.76 for black to 0.90 for
white peppercorns, with an average value of 0.84 4+ 0.04 (n = 19). Thus, on average, the total
piperamide content of the peppers consists of 84% piperines and 16% other piperamides. These
results demonstrate the utility of the described extraction and analytical methods used to determine
the wide-ranging individual and total piperamide contents of widely consumed peppers.
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INTRODUCTION

Piperamides are secondary pungent metabolites present in the
outer part of the fruits and in the seeds of black, white, green,
and red peppers (Piper nigrum L.) and other cultivated
varieties (/-3). Black pepper is produced from green unripe
berries of the pepper plant; the fruits are dried after a heat
treatment that releases browning enzymes from the cell walls;
white pepper is obtained when fully ripe berries are dried with
the outer pericarp removed; green peppers are harvested unripe
and then air-dried or freeze-dried; and red peppers are harvested
when mature (4). Interest in piperamides arises from the fact
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that, in addition to its pungent properties that impart the flavor
and taste to food, the compounds are reported to possess
numerous nonsensory beneficial bioactive (physiological/
pharmacological/insecticidal/medicinal) properties that may also
benefit human health, as reviewed by Srinivasan (5) and Scott
(6). These include antiandrogenic (7), anticarcinogenic (8—12),
antidepressant (/3—-15), antidiarrheal (/6), antimicrobial (17-24),
antioxidative (25, 26), antiulcer (gastroprotective) (27-29),
hypotensive (30), immunomodulatory (/0), insecticidal (31, 32),
insulin resistant (33), and melanocyte-stimulating properties
(34, 35). Piperamides are also reported to inhibit enzymes that
catalyze the biotransformation of nutrients and drugs, thus
enhancing their bioavailability and effectiveness (36—40).
Piperine is the most prevalent piperamide present in pepper.
Piperdardine, the dihydro derivative of piperettine (Figure 1),
was isolated from the Piper tuberculatum plant widely used in
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Figure 1. Structures of piperamides evaluated in this study.

Brazil as a sedative and as an antidote for snake bites (47).
Piperdardine was also present in Chinese Piper species, which
were found to inhibit prostaglandin and leukotriene biosynthesis
in vitro (42).

Reported analytical methods for piperamides include vibra-
tional spectroscopy (43), UV spectroscopy (44), NMR (32, 45),
capillary electrochromatography (46), high-performance liquid
chromatography (HPLC) (47, 48), microliquid chromatography
(49), liquid chromatography/mass spectrometry (LC/MS) (50, 51),
and thin-layer chromatography/gas chromatography (TLC/GC)
(52).

We previously developed and validated HPLC and LC/MS
methods for the analysis of extracts of fresh peppers containing
capsaicinoids and piperines in pepper-containing foods and for
analysis and isolation of the following four possible piperine-
derived photoinduced isomers: piperine, isopiperine, chavicine,
and isochavicine (53-55). To further increase our knowledge
about the content of piperamides, the main objective of the
present study was to determine by HPLC and LC/MS the
structures and contents of additional pepper alkaloids in 20
commercial peppercorns and ground peppers. We report here
the wide-ranging concentrations and distributions of the bio-
active piperamides in different brands of widely consumed
pepper products.

MATERIALS AND METHODS

Materials. Piperine (97.89% pure) was obtained from Aldrich
(Milwaukee, WI). Acetonitrile (LC/MS grade) was obtained from
Burdick & Jackson (Muskegon, MI), analytical grade formic acid
(amino acids sequence analysis grade) was from DC Chemical Co.
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Figure 2. Structures of four theoretically possible and characterized
piperine cis-trans isomers.

(Seoul, Korea), and ethanol was from Samchum Pure Chemicals
(Pyungtack, Korea). The solvents were filtered through a 0.45 um
membrane filter (Millipore, Bedford, MA) and then degassed in an
ultrasonic bath before use.

Whole and ground peppercorns were purchased at local stores in
the United States (McCormick and Co., Inc., Tone Brothers Inc., and
Albertson’s store brand) and in Korea (Daesang Co.), as well as from
Ponape Island (The Micronesian Union), Miya, Inc. (Japan), S&B Food
Inc. (India, Malaysia, and Indonesia), E-tisanes (Japan), Drogheria &
Alimentari Co. (Italy), and Ottogi Co. (Korea).

Extraction of Piperamides from Peppers. All operations were
carried out in the dark. Each sample of black and white peppercorns
was ground in a coffee blender for 2 min and passed through a 100
mesh screen. The resulting powder (0.1-0.15 g) was then placed into
a 5 mL vial to which was added 2 mL of 80% ethanol. The suspension
was sonicated for 60 min in an ultrasonic bath and then centrifuged at
12000g for 10 min at 5 °C. The supernatant (20 xL) was injected into
HPLC for piperamide analysis.

HPLC. HPLC was carried out on a Hitachi liquid chromatograph
model 655-I1 equipped with an autosampler (model 655A-40). The
stainless steel column (250 mm x 4.0 mm inner i.d.) was packed with
Inertsil ODS-3v (5 um particle diameter) (GL Sciences, Tokyo, Japan).
The column temperature was maintained at 30 °C with a Shimadzu
column oven CTO-10vp (Shimadzu, Kyoto, Japan). Separation was
achieved using a mixture of acetonitrile/0.5% formic acid in distilled
water with a linear gradient from 31 to 55% acetonitrile for 70 min.
The flow rate was adjusted to 1 mL/min. The Shimadzu UV-vis detector
(model SPD-10Avp) was set at 280 and 340 nm.

LC-MS/MS. LC/MS experiments were performed by an LCQ mass
spectrometer (Thermo Fisher Scientific Inc., MA) equipped with an
HPLC system (Agilent model HP-1100, CA) connected with a diode
array detector (DAD G1315A). The piperamide solution (5 uL) was
applied on an Inertsil ODS-3 column (2.1 mm x 150 mm, 3 um, GL
Sciences Inc., Tokyo, Japan). Each piperamide was separated using a
mixture of acetonitrile/0.5% formic acid in distilled water with a linear
gradient at a flow rate of 200 uL/min.
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Figure 3. Structures of eight theoretically possible piperettine cis-trans isomers, four of which were identified in the present study.

The HPLC method, with a limit of detection (LOD) of ~15-30 ng
estimated from calibration curves (55), was optimized by determining
how the composition of the mobile phase affected retention times. The
mobile phase of the (A/B) gradient was (A) acetonitrile and (B) 0.5%
formic acid. The content of acetonitrile in the solvent was changed as
follows: 31—55% (linear gradient, 0—70); 80% (70.1-80 min); and 31%
(80.1-95 min). UV-visible spectra were recorded from 220 to 500 nm.

We reanalyzed the same concentrations of a dilution series of piperine
by three HPLC methods: two slightly different isocratic methods
(acetonitrile/0.5% formic acid, 31/69 and 30/70, v/v) and a gradient
method (31—80%). The same LOD values were obtained by all three
methods (55).

The mass spectrometer was initially tuned using a solution containing
the mixture of piperines. The HPLC eluate was introduced into the
mass spectrometer from 0 to 90 min. Mass and multiple tandem mass
spectrometry (MSn) were operated in the positive ion mode in the mass
range of m/z 50-400. Helium was used as the collision gas for the
MSn spectrometric procedures, followed by the isolation of ions over
a selected mass window of 2 Da. MSn represents multiple stage of
precursor ion m/z selection followed byproduct ion detection for
successive progeny ions. Mass selection of the analyte by m/z is
followed by fragmentation and analysis of the fragments.

Concentrations. All concentrations were automatically calculated
as piperine equivalents, taking into account the absolute amount of
Sigma piperine of 97.89%. Because only one standard (piperine) was
available to us, the parameter that we selected to quantitate the data
was the ratio of the integrated peak area for each compound as a percent
of the sum of all of the peak areas obtained for each piperamide present
in the extract. These values were automatically calculated with the aid
of a Hitachi Chromato-integrator model D-2500.

RESULTS AND DISCUSSION

Analytical Aspects. We had previously developed and
validated HPLC and LC/MS methods to measure capsaicinoids
and piperines in extracts of a large number of peppers and in
pepper-containing foods (53-55). In the present study, the
methods were further modified and used to analyze the content
of piperines and several additional structurally related pipera-
mides in commercial ground peppers and peppercorns.

HPLC retention times, using the gradient system shown, were
as follows: piperyline, 23.27 £ 0.06 min (n = 3); piperlongu-
minine, 31.10 = 0.04 min; piperanine, 31.83 £+ 0.06 min;
piperine isomers, 34.52 % 0.05 min; isochavicine, 36.47 + 0.05
min; piperdardine, 46.81 4 0.07 min; piperettine isomer I, 48.26
=+ 0.07 min; piperettine isomer II, 49.07 4= 0.07 min; piperettine
isomer III, 50.96 4 0.08 min; and piperettine isomer IV, 52.27
=+ 0.08 min.

Structural identification of individual compounds in extracts
was performed by associating the HPLC peak of each compound
with the corresponding mass spectrum. For structural assign-
ment, we used the following literature molecular weights (56)
for the piperamides evaluated in the present study (structures
are shown in Figures 1-3): piperlonguminine, 273.331; piperine
and its isomers, 285.342; piperanine (4,5-dihydropiperine),
287.358; piperettine, 311.38; and piperdardine (6,7-dihdyropi-
perettine), 313.396. Figures 4 and 5 show HPLC chromato-
grams of several pepper extracts and Figures 6-8 depict the
corresponding ion mass chromatograms and mass spectra as well
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Figure 4. HPLC chromatograms of a black pepper extract. Conditions:
column, Inertsil ODS-3v (4.0 mm x 25 c¢m, 5 um); column temperature,
30 °C; mobile phase, acetonitrile/0.5% formic acid (gradient mode); flow
rate, 1 mL/min; and detector, 280 and 340 nm. Peaks: 1, piperyling; 2,
piperlonguminine; 3, piperanine; 4, piperine isomers (piperine, isopiperine,
and chavicine); 5, isochavicine; 6, piperdardine; 7, piperettine I; 8,
piperettine II; 9, piperettine Ill; and 10, piperettine IV.

as the structures of major mass fragments. Table 3 summarizes
retention times and relative intensities of the mass fragments.
The data show that the peak patterns of the mass spectra varied
widely. Except for the major fragments shown in Figure 8, we
were unable to assign structures to all of the other mass
fragments listed.

Below, we examined trends in total and individual piperamide
and ratios of piperine to total piperamide levels for ground and
whole peppers.

Piperamide Content of Peppers. Tables 1 and 2 list the
concentrations/distributions of the following piperamides in 20
different types and brands of widely consumed commercial
ground peppers and peppercorns: piperyline, piperlonguminine,
piperanine, three piperine isomers (piperine, isopiperine, and
chavicine), the piperine isomer isochavicine, piperdardine, and
four piperettine isomers. The tables also show the calculated
percent contribution of each piperamide to the total (values in
parentheses), the sums of all piperamides (total) in mg/g, and
the ratios of piperine to total piperamide concentrations.

Total Piperamide Values. The total piperamide values for
white and black ground pepper (Table 1) ranged from 48.1 (C,
black) to 62.8 mg/g (K, black). The corresponding range for
peppercorns (Table 2) was from 6.6 (K, red) to 152.5 (T, green).
The exceptionally low content of piperamides in red peppercorns
merits separate consideration from the others. The ratio of
piperines to piperamides for ground pepper ranged from 0.81
(F, black) to 0.88 (A, white). The corresponding ratio for
peppercorns (excluding red) ranged from 0.76 (M, black) to
0.90 (L, white).
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The calculated average value of piperine to total piperamide
ratios for 19 ground peppers and peppercorns was 0.84 £ 0.04
(n = 19), not including red pepper, which was quite narrow.
Evidently, the absolute values but not the ratios vary widely
among the evaluated peppers.

Because the various piperamides have been shown to exhibit
a variety of biological/pharmacological effects in insects,
animals, and humans, it is useful to examine the trends in the
contents of the individual piperamides in the different pepper
products. This aspect is examined below.

Piperyline. Table 1 shows that the piperyline content of the
10 white and black ground peppers (in mg/g) ranged from 0.9
(F) to 1.9 (G). For peppercorns, the corresponding range was
from 1.8 (M, black) to 5.2 (T, green) (Table 2). The average
for all peppers was 2.5 &+ 1.42 (n = 20). Moreover, unlike the
other peppers to which piperyline contributes from 1.6 (F, black)
to 4.6% (P, black) to the total, the corresponding value for red
peppercorns (5.9 mg/g) was 89.4% of the total. The remaining
10.6% consisted of piperine isomers. Red peppercorns contained
no other piperamides. Because red peppercorns contained low
amounts of only two piperamides, this brand was omitted from
the following description of observed trends for 19 other
peppers.

Piperlonguminine. Table 1 shows that the piperlonguminine
content (in mg/g) of ground peppers ranged from 0.1 (B) to 0.9
(G). The corresponding range for peppercorns was from 0 (R)
to 1.0 (P) (Table 2). The average value for all ground peppers
and peppercorns equaled 0.5 £ 0.29 (n = 19). The percent
contribution of piperlonguminine to the total value averaged
0.8 & 0.46 (n = 19). These results indicate that on average
piperlonguminine contributes ~1% to the total piperamide
content of the peppers.

Piperanine. Table 1 shows that the piperanine content (in
mg/g) for ground peppers ranged from 0.3 (B) to 0.6 (F, H,
and J). The corresponding range for peppercorns was from 0.5
(L, M) to 1.4 (S) (Table 2). The average for all peppers equaled
0.7 £ 0.29 (n = 19). The percent contribution of piperanine to
the total value of all peppers averaged 0.9 £ 0.22 (n = 19).
These results indicate that piperanine also contributes ~1% to
the total piperamide content of the peppers. Piperanine has been
found to be present in several pepper species including Piper
chaba (29), Piper guineense (57), and Piper longum L. (48).

Piperine Isomers. Four cis—trans piperine stereochemical
isomers have been isolated from black peppers (Figure 2). In
a previous study, we reported that the isopiperine, chavicine
and isochavicine isomers together contributed ~1% to the total
content of the piperine isomers in black peppers (55). In the
present study, the values for the three piperine isomers, piperine,
isopiperine, and chavicine were combined because the minor
peaks were not well-resolved from piperine in this system.
However, it was possible to measure the amounts of isochavi-
cine, the fourth piperine isomer.

Table 1 shows that the content of three piperine isomers
(piperine + isopiperine + chavicine) in ground peppers (in mg/
g) ranged from 33.2 (F) to 52.2 (H, J). The corresponding range
for peppercorns was from 40.2 (M, black) to 128.6 (T, green)
(Table 2). The percent contribution to the total piperamides for
all 19 peppers ranged from 58.9% for ground black pepper (F)
to 89.2% for white peppercorns (L).

For the isochavicine piperine isomer, the values for ground
peppers (in mg/g) ranged from 0.3 (D) to 12.7 (F). For
peppercorns, the corresponding range was from 0.2 (O) to 0.9
(N). We do not know whether the very high content of
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Figure 5. HPLC chromatograms of extracts of black, white, green, and red peppers. Conditions: column, Inertsil ODS-3v (4.0 mm x 25 cm, 5 um);
column temperature, 30 °C; mobile phase, acetonitrile/0.5% formic acid (gradient mode); flow rate, 1 mL/min; and detector, 280 nm. The assignment of
peak numbers to specific piperamides is the same as shown in Figure 4.
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Figure 6.
temperture, 30 °C; mobile phase, acetonitrile/0.5% formic acid (gradient

lon mass chromatograms of piperine amides determine by LC-MS. Conditions: column, Inertsil ODS-3 (3.0 mm x 15 cm, 3 um); column

mode); and flow rate, 0.2 mL/min. The indicated m/z values of the parent

molecular ions correspond to the individual piperamides shown in the next two figures.

isochavicine in black ground pepper F (22.5% of the total) is
the result of preharvest biosynthesis in the plant, postharvest
isomerization of piperine, or a coeluting peak.

Piperdardine. Table 1 shows that the piperdardine content
of ground peppers (in mg/g) ranged from 0 (A, C, D, G, J) to
0.2 (I). The corresponding range for peppercorns was from 0
(N) to 1.8 (Q) (Table 2). The piperdardine content (in mg/g)
of all peppers averaged 0.3 £ 0.48 (n = 19). The percent
contribution of piperdardine to the total value averaged 0.4 +
0.49 (n = 19). These results indicate that black peppercorn (Q)
contains significant amounts of piperdardine.

Piperettine Isomers. With the exception of red peppercorns,
our analytical data revealed the presence of four isomeric forms
of piperettine in all of the other peppers. The four isomers
separated by HPLC had the same molecular weight in the mass
spectra. In analogy with piperine isomers, it is likely that these
are cis—trans stereoisomers (Figure 3). However, data based
on HPLC and LC/MS used in the present study do not permit
assigning specific stereoisomeric structures to each isomer. Such
assignment requires the use of detailed NMR spectroscopy. To
our knowledge, this is the first report suggesting the presence
of four piperettine isomers in commercial peppers.
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Figure 8. Mass spectra of piperamides. Note also the m/z values and postulated structures of major mass fragments.

Table 1 shows that the content of piperettine isomer (I) (in
mg/g) in ground peppers ranged from 0.4 (A, C, H) to 0.9 (F).
The corresponding range for peppercorns was from 0.3 (N) to
2.3 (P) (Table 2). The content of piperettine (I) in all peppers
averaged 0.9 + 0.63 (n 19). The percent contribution of
piperettine isomer (I) to the total value for all peppers averaged
1.2 &+ 0.52 (n = 19). These results indicate that some peppers
contain significant amounts of piperettine isomer (I).

Table 1 shows that the content of piperettine isomer (II) (in
mg/g) for ground peppers ranged from 1.3 (A) to 4.2 (I). The
corresponding range for peppercorns was from 2.7 (N, black)
to 12.4 (T, green) (Table 2). The content of piperettine isomer
(II) for all peppers (in mg/g) averaged 4.5 + 2.96 (n = 19).
The percent contribution of the content of isomer (II) to the
total value for all peppers averaged 5.8 £ 2.20 (n = 19). These
results indicate that peppercorns P, Q, R, and T contain high
amounts of piperettine isomer (II).

Table 1 shows that the content of piperettine isomer (III) (in
mg/g) for ground peppers ranged from 1.1 (A, C) to 2.8 (F).
The corresponding range for peppercorns was from 0.5 (L) to
3.1 (R) (Table 2). The content of piperettine isomer (III) for
all peppers (in mg/g) averaged 1.8 £ 0.68 (n = 19). The percent
contribution of piperettine isomer (III) to the total value of all
peppers averaged 2.6 £ 1.02 (n = 19). Black peppercorns (M)
contributed a relatively high amount (4.3%) of the piperettine
isomer (III) to the total.

Table 1 shows that the content of piperettine isomer (IV)
(in mg/g) for ground peppers ranged from 0.9 (C) to 2.0 (F).
The corresponding range for peppercorns was from 0.2 (P) to
1.7 (M, Q) (Table 2). The piperettine isomer (IV) content for
all peppers (in mg/g) averaged 1.2 + 0.46 (n = 19). The percent
contribution of piperettine isomer (IV) to the total value of all
peppers averaged 1.8 4+ 0.94 (n = 19).
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Analysis of Piperamides in Peppers

Table 3. Retention Time and Mass Spectra for Piperamides Identified
Using the LC-MS Method

LC-MS retention
time (min)
26.72-27.16

mass spectra M m/z
(% relative intensity)

273.0 (14.5); 272.0 (100);
201.0 (27.2)

275.0 (18.6); 274.0 (100);
200.9 (24.0); 130.0 (23.1)

289.1 (11.2); 288.1 (100)

287.1 (18.1); 286.1 (100);
201.1 (37.4)

315.0 (15.4); 314.1 (100);
237.5 (13.6); 222.8 (24.5);
206.7 (9.3); 197.6 (25.6);
176.9 (10.7); 1515 (21.9);
122.2 (18.4); 110.8 (14.4)

311.9 (100); 310.2 (38.1);
257.4 (15.7); 227.3 (45.5);
204.8 (18.3); 198.9 (41.8);
169.0 (14.9); 150.7 (30.6);
130.0 (26.9)

313.0 (22.7); 312.0 (100);
227.0 (67.4); 199.5 (17.4);
169.1 (25.0); 150.7 (10.6)

313.1 (15.1); 312.0 (100);
227.1 (45.7); 199.6 (63.4);
169.0 (14.3); 151.5 (46.0);
142.6 (86.0); 130.0 (100);
109.8 (52.8)

326.0 (29.1); 312.0 (100);
227.1 (44.8); 199.6 (20.5);
169.0 (11.9); 130.1 (20.5)

piperamides
piperyline

piperlonguminine 34.73-35.41

35.85-36.34
38.59-39.36

piperanine
piperine (isopiperine,
chavicine, and isochavicine)

piperdardine 52.19-52.70

piperettine (1) 53.20-53.81

piperettine (1) 54.55-55.01

piperettine (lIl) 55.66-56.11

piperettine (IV) 56.98-57.40

These cited observations show that piperettine isomers
contribute significantly to the total piperamide content of the
peppers. In terms of both absolute values and the percent of
total, the relative contribution appears to be in the following
order: piperettine isomer (II) > piperettine isomer (III) >
piperettine isomer (IV) > piperettine isomer (I).

We do not know whether some or all of the isomers are
synthesized in the plant or whether they are formed postharvest
by light-induced and/or enzyme-catalyzed cis—trans isomeriza-
tion. Activities of the isomers in cells, microbes, insects, animals,
and humans merit further study.

In summary, to our knowledge, there are no other recently
reported studies on the piperamide contents of commercial
peppers. The cited data show that there is wide variation in both
individual and total amounts of piperamides among the peppers
sold in Korea and the United States. Green peppers have the
highest amounts. The percent contribution of piperine to total
piperamide content appears to be relatively constant.

Although piperine is known to exhibit multiple physiological
and pharmacological effects in animals and humans mentioned
earlier, further studies are needed to determine biological
potencies of the other piperamides described in the present study.
Knowledge of the wide-ranging content of these alkaloids in
different peppers should facilitate ascertaining their significance
in plant physiology, agriculture, host—plant resistance, entomol-
ogy, the diet, and medicine.

Finally, our data on the content of piperamides in commercial
peppers may also help consumers select pepper products with
desirable piperamide contents. Labeling of such products for
piperamide content would undoubtedly benefit consumers.
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