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Abstract

A survey of the available methods for the determination of piperine was made, and a new method,
developed based upon alkaline hydrolysis at about 140°C followed by colorimetric determination of
the liberated piperidine. Piperidine on treatment with p-nitrophenyl diazonium fluoborate reagent
gives a red colored complex which has an adsorption maximum at 530nm. The method measures the
total pungency in pepper and applicaple to piperine of black pepper and oleoresin of black ypepper.
The advantage of the present method is that the pungent compounds can be detemined ;,‘sin micro

samples.

Introduction

Pepper (Piper nigrum L.) is one of the most impor-
tant spices used for both flavor and aroma. Chemical
composition of pepper is volatile oil (] to 3 percent)
and non-volatile portion which includes the pungent
constituents. The oil may be obtained by steam distill-
ation of dried black pepper and this represents the
odorous constituents of the spice.

Oleoresins are solvent extracts ef spice powders and
contain non-volatile resinous material and the pungent
constituents, in addition to the volatile essential oil.

The solvents commonly employed are : ethylen dichlor-
ide, ethanol, acetone, methylene dichloride, ethanol,
The oleoresin
closely

acetone, methylene chloride, etc.
1s a popular flavoring material. since it
resembles the original spice. The oleoresin of pepper
would contain the volatile oil, some residual solvent.
the pungent constituents, trace quantities of sugars,
resinous material, fixed oils, polyphenols, pigments,
etc.

The quantitative composition of the oleoresin depe-
nds on the solvent used and the variety of pepper,
etc.
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Pungent constituents in pepper are piperine, chavic-
ineV, piperettine®, piperanine®™, etc. The quality
of pepper (and also the oleoresin) is, therefore, depen-
dent on the amount of the pungent constituents present
in it.

Taste characteristics of the pungent constisuents
were investigated as follows. Staudinger et al,
pointed out that the amide linkage with the aromatic
acid is the factor responsible for pungency.

Recently, Kulka‘® reviewed the important aspects
contributing to pungency and stated that piperine is
predominantly responsible for bite in black pepper. He
proved that the two double bonds and the methylene
dioxy group present in the piperine do not contribute
in any way to pungency.

A comparative picture of the bite intensities of the
different pungent constituents is not available in liter-
ature. However, piperanine is reported to possess the
bite intensity which is one half of piperine‘®.

There is a report that synthetic chemicals like
1-cinnamoy! piperidide® are used as adulterants in
the oleoresin of pepper in U.S.A. This synthetic che-
mical possesses pungency similar to piperine.

The quality of pepper and also of the oleoresin of
pepper is dependent on the amount of piperine (plus
other pungent princlples) present in it. The value of
pepper is, therefore, dependent on the total content of
the pungent constituents.

Hence, determination methods of the pungent const-
ituentsd’ are becoming more importent. Previous
workers (7~22 have reviewed the available methods
and pointed out their merits and demerits. Therefore,
the author reviewed publications about the pungent
principles in pepper and developed the new methed
for determining piperine in pepper.

Experiment
1. Materials

(1) Black pepper: A sample available in the local
market in India was finely ground, and used.

(2) Oleoresin of black pepper: This sample was prep-
ared in connection with other studies (%,

(3) Piperine: This was a gift sample obtained from
the Griffith Laboratories, Canada. It melted at 129~
130°C, and showed an absorption maximum at 345
nm.

(4) 2N -Potassium hydroxide in propylene glycol: 112 g
of potassium hydroxide (AR. quality) was dissolved
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in 80 g of water and diluted to ] liter with propylene
glycol (BDH, b.p. 186~188°C).

(5) p-Nitrophenyl diazonium fluoborate solution (PNP
DF): This was prepared by dissolving 0. 04 g of solid
yellow substance in 100 ml acetone. It is necessary
that the reagent should be prepared freshly before
use. (Eastman Organic Chemicals Distillation Prod-
ucts Industries, Rochister 3, New York, Div. of
Eastman Kodak Co.)

(6) Mixed Indicator: This was prepared by dissolving
0.1g of methyl red and 0.5 g of bromocresol green
in 100 mi ethanol.

(7) Spectrophotometer: Absorption measuements were
made with a Spectronic-20 colorimeter (Bausch and
Lomb).

2. Methods

(1) Preparation of a calibrated chart

A known weight of piperine (about (.05 g) was
transferred into a 250 ml! round bottomed flask. About
30 ml of 2N KOH in propylene glycol were added to
this and refluxed using a Liebig's condenser for 2
hours on a sand bath maintaining the temperature
around 140°C. The mixture was cooled to the room
temperature. About 100 ml of water and a few drops
of antifoam reagent (emulsified silicone compound)
were added to the flask. The reflux condenser was
removed and the flask was connected to a distillation
set. The mixture was heated to distill off the piperid-
ine' which was absorbed in acetone(5 ml).

The distillation was stopped when the distillate was
neutral to indicator paper (pH 7.0). The distillate
was divided into two equal portions—(a). The first por-
tion (about 40 ml) was titrated with 0. 01N HCI using
the mixed indicator, according to Labruyere®. The
amount of piperidine was calculated and the corresp-
onding weight of piperine computed, using the follow
ing equation.
wt. of piperidine X3.353X100

wt. of piperine in gram.

Mellecular weight of piperine (285.35)
Molecular weight of piperidine (85.15)

Piperine(%) =

*3.353=

(b) The second portion (about 40 ml) was diluted
with acetone (to a volume of 50 ml). From this, me-
asured volumes in the range 2 to 6 ml, were transfe-
rred to different test tubes. To each of these tubes
was added 2 ml of p-nitrophenyl diazonium fluoborate.
A red color was obtained and these were suitably

diluted (10 ml) using acetone. Thz absorbance values
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-were measured in the region 480 to 600 nm and the
absorption maximum was found at 530 nm (Fig. 1).

The absorbance readings of the color complex were
measured (imax 530 nm) after every 10 minutes for
a period of 2 hours and the results showed no change
in the color.

The values of absorbance of the different solutions
were measured at 530nm using 2 reagent blank (2 ml
water-+2 ml reagent diluted to 10 ml with acetone).
The data (absorbance values vs piperine (ug) are
represented in figure 2. A weighed quantity of piperine
was analvsed by the above colorimetric method and
he purity determined (Table 2).
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Fig. 1.
¥2) Determination of pungent constituents in black
pepper and oleoresin of pepper

(a) Black pepper: 2 grams of ground black pepper
were extracted with about 100 m! acetone in sox-
hlet apparatus for 20 hours. The solvent acetone
was removed by vacuum distillation to obtain a
green syrupy liquid of oleoresin of pepper. This
was hydrolysed with propylene glycol containing
KOH and the piperidine determined (expressed as
piperine) by methods described above (i.e. the
titrimeteric and the p-NPDF methods).

{b) Oleoresin of black pepper: An accurately weig-
hed sample of about 0.5g of well homogenized
oleoresin of pepper was transferred to a round
bottorned flagk. It was refluxed for 2 hours using
the propylene giycol containing 2 N KOH and the
piperidine containing pungent constituents determ-

ined by both the titrimetric and colorimetric meth-
ods.

Results and Discussion

The survev of availabie methods ifor the determina-

tion of the pungent constituents clearly shows that no
one method is free from defects. Recently, the ISO
examined critically the usefulness of ultraviolet spect-
roscopy®® and volumetric methods® and recom-
mended the U.V. method as acceptable. In order to
obtain a realistic and useful result, one or more met-
hods should be employed which give complimentary
data. A comparative data of the piperine content det-
ermined by various methods are given in Table 1.

Table 1. Piperine content in pepper samples

Amount of piperine (%)
Method used Biack :

pepper Oleoresin
1. U.V. spectrometry 18 6.7 52.6
2. Chromotropic acid® 7.8 —
3. HNOQOs;-KOH-Thiourea‘® 7.6 -
4. Polarographic® — 50.1
5. Kjeldahico —_ 67.3

No study seems to have been made correlating the
objective and subjective evaluation of pungency in
pepper samples.

The colorimetric method‘®@> developed in CFTRI
laboratory measures the total pungencies (piperine+
piperettine+chavicine+piperanine) whereas, the uy
method determines either piperine or piperine+-pipere-
ttine. In the above colorimetric method, the piperidi-
des are hydrolysed to liberate piperidine which is
reacted at 0°C, with carbon disulphide to form piper-
idinium pentamethylene dithiocarbamate (PPDC). The
PPDC reacts with cupric sulfate to give a colored
complex (2 max 435 nm) which obeys Beer's law betw-
een a concentration of 1 to 14 pg/ml of piperidine.
The proposed method also employs alkaline hydrolysis
of the piperidides (Equation 1) to yield piperidine
which is subsequently reacted with p-nitrophenyl dia-
zonium fluoborate (PNPDF) to give a red colour
(Amax 530 nm).

CH;—0
| l
oo /CHj; - CHO
0 —Cetts—(x)—C—N{Cx! i} CH+H;0
° |
piperidide ’

CH,—0 9
0 — CeHs—[ X J—C —OH+CsHioNH----(Egn. 1)

piperic/chavicic,/ piperidine
piperettic/piperanic acid
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where (X)) : (I:i H [(X3}: —C[—~H
|
H—C—~— CI H H—(IZ—-C--H
| I
H—C H—C—
Piperine Chavicine
(xX): —ﬁ—H (xXJ): ‘_C;Hz
H—C—C—H ]
I H,—C—CH
H—-C—C—H i
i H—C—
H—C—
Piperettine Piperanine

The curve of figure ] shows the spectral patterns
of the colored complex reacting with piperine and p-
nitrophenyl diazonium fluoborate solution in acetone.
Absorption maxima was observed at 530 nm. Various
concentrations of pure piperine in p-NPDF-acetone' sol-
ution were examined from 400~600 nm. The largest
maximum was noted at 530 nm. Absorbance values at
530 nm. Absorbance values at 530 um for concentrat-
ions from 1500 to 4000 wg/100 mi were plotted in
Fig. 2.
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Fig. 2. Absorbance (530 nm) concentration of
piperine

The recovery of pure piperine in p-NPDF-acetone
solutions of piperine using the new colorilmetric method
(p-NPDF) is recorded in Table 2.
Table 2. Analysis of piperine

Recovering rate of

Weight Hours of piperine (%)

piperine . .| By the
taken i By titrimetric 3
aken in gm reflux method ® | p;rbéf;?o};
1) 0.047 2.0 99.72 98. 87
2) 0.046 2.0 99. 81 98.79
3) 0.048 2.0 99. 85 98. 81

Al

z

The recovery rate ranged from 98.79 to 98.87 per-
cent. Table 2 showed afairly good agreement between
the titrimetric and colorimetric methods. A comparison
of the present method with the titrimetric method is
shown in Table 3.

Table 3. Analysis of black pepper and
oleoresin of black pepper

LEREE TR

Pungent constituents
found in percent

{

Weight i (expressed as piperine)
Sample taken ‘ | p-nitrophenyl
in Titrimetric' diazonium

M ' method ! fluoborate

i E ! method

Back | D20 | 578 5.61
pepper ' 2) 2.0 ! 5.79 5.53
L3209 3 5.51 5.27

Oeoresin i Dos 55.96 55.74
of black | 2)0.5 55. 46 55.07
pepper . 3) 0.5 | 55.32 5522
. 405 | 55.40 55. 19
L5905 5527 55. 01

| ©05 | 5539 55.27

*Distillate collected: 140 ml

The present method gave results averaging (.22
percent lower than the titrimetric method. The much
greater difference, + .39 percent of the titrimetric
method as compared to present method apperars to
be less significant. The highér values by the titrimetric
method can be undoubtedly present

black pepper,
isomer of piperine

in oleoresins of
such as chavicine, an uncrystallizable
W.(2>.(3.  these compounds are
The

U.V spectrophotometric method is specific for piperine

present only in small amounts in peppert®,
and not for other pungent like piperettine, chavicine,
and piperanine which are also present in black pepper.
therefore inclusion in the piperine determination as
a measure of pungency leads to only a minor inaccu-
racy, because they also contribute to the pungency of
the spice.

In the present method, the pungent constituents on
hydrolysis vield (piperidine) reacts with p-nitropheny}
The
advantage of the present method is that pungent

diazonium fluorate to give a stable red color.

principles can be determined in microsample of black
pepper. The present method appears to be specific for
total pungent constituents.
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