
(Table IV). ‘These results confirm 
earlier reports (7, 77) that mono- 
carbonyls are formed upon irradiation of 
fats under vacuum. Day and Papaioan- 
nou ( 7 )  obtained evidence for alk-2-enals 
and alk-2,4-dienals in irradiated milk 
fat. In  the present study, traces of the 
Cj? C6, CS: and alk-2-enals but no 
alk-2,4-dienals Evere identified. Qualita- 
tively, the methyl ketones did not show 
a significant change upon irradiation 
(Table IV-) ; however they are present 
in much larger quantities in irradiated 
milk fat. The origin of methyl ketones 
and long chain aldehydes has been dis- 
cussed by Day and. Papaioannou (7). 
They suggested that hydrolytic cleavage 
of ester and enol-ether linkages were re- 
sponsible for these cosmpounds. Work in 
our laboratory ( 7  1 has demonstrated 
that hydrolysis as .,vel1 as cleavage of 
ester linkages O C C U I : ~  ivith irradiation. 
Langler and Day ( I S )  have suggested 
that methyl ketones ;are formed in heated 
milk fat as a result of hydrolysis. -41~0, 
long chain aldehydes occur in milk fat 
as bound aldehydes (9, 2.1). Thus, ir- 
radiation-induced h!drolysis of ester and 
enol-ether linkages is probably a likely 
mechanism accounting for the produc- 
tion of ketones and long chain aldehydes 
in irradiated milk fat. The formation 
of short chain aldehydes may also be 
explained by a simi!.ar mechanism. 

0 0 
I 

K--C-0-K’ M> k-C + R‘O (4 )  

0 0 
I 

R-C + XH +. R-k--H f X ( 5 )  

l h e  finding 01 Cb dnd C S  methyl 
ketones is difficuli to explain The 
presence of these and many other even- 
and odd-numbered saturated and un- 
saturated ketones, and the probable 
mechanism of their formation in ir- 
radiated fats have been reported by Kohn 

Compounds such as ethyl acetate, 
benzene, chloroform, and dichloro- 

(76). 

benzene were also detected in the control 
sample (Table 111). Chloroform has 
been reported in milk fat by itrong and 
Patton (32). I t  was suggested that this 
compound arises from pesticide residues 
in milk. Dichlorobenzene, ivhich has 
not been reported previously in milk. 
could also have its origin in pesticides. 

Four components listed in Table I 
(peak numbers 31, 35, 37. and 39) had a 
characteristic candle-like odor. These 
compounds \vere present in relatively 
small quantities (Figure 2). The  exact 
nature of these components could not be 
determined. \\'ark is in progress in our 
laboratory to characterize and identify 
these components further. 
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A.  Kjeldahl determination of nitro- 

B.  Polarographic determination (6, 

C .  Iodometric procedure (5). 
D. Spectrophotometric method 

E. Colorimetric method using chro- 

gen (?, 6: 7). 

7 7 ) .  

(ultraviolet-absorption) (6 ,  7). 

motropic acid (2, 7, 73). 

F .  Colorimetric method using nitric 
acid (70). 

G. Colorimetric method using sul- 
furic acid and an  aromatic aldehyde 

H. Colorimetric method using phos- 
phoric acid (9) .  

I .  

(8). 

Method presented in this paper. 
Figure 1 sho\vs the part of the piperine 
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Existing methods for the determination of piperine are briefly discussed. A new pro- 
cedure is proposed, based upon alkaline hydrolysis at about 138' C., followed by titra- 
tion of the liberated piperidine after distillation with water. The result of this method is a 
measure of the total pungency. A suggestion is made on the manner in which vinyl 
homologs of piperine are formed. 

C,Hs N 
A 

--C 0 C H=C H-C H=C H C6Hp 02C H2 
8 . C .  G F E  

opinion that the discrepancy bet\veen 
the ultraviolet method and the colori- 
metric methods is largely due to the 
presence of piperettine (8> 9). The 
rvork of Genest and coworkers (7 ) ,  holy- 
ever? sho\vs that the "apparent percent- 
age piperine," calculated from the 
absorbance at 343 mp and Tvithout con- 
sidering the absorbance at  364 mp, in-  
cludes the greater part of the piperettine. 
'Iherefore. the high results of the colori- 
metric methods are only to a very sniaII 
extent due to the presence of piperettine. 
The real cause must yet be found. 

A method that gives high results is not 
necessarily rejectable if one aims to 
assess the value of the product as a spice. 
In pepper and its derived products, 
compounds other than piperine may con- 
tribute to pungency. Besides the vinyl 
homolog piperettine (7: 79)> the stereo- 
isomer chavicine (7Jj 75) has been de- 
tected in pepper. Part of the results of 
Genest and coworkers points to the 
presence of methylene caffeic acid 
piperidide: though other results are con- 
flicting (7). 

The literature reveals many cases of 
dimerization of ethylenic compounds to 
cyclobutane derivatives and reversed 
depolymerization of cyclobutane com- 
pounds to ethylenic derivatives under the 
influence of light and heat (3. 76. 77). 
If piperine dimerizes under certain 
condition? according to Reaction 1 and 
then depolymerizes according to Reac- 
tion 2. the presence of methylene caffeic 
acid piperidide together with piperine 
and piperettine might be considered 
probable. 

Thus, in principle. the presence in 

methods D and H, owing to the higher 
specificity for piperine of the latter 
methods. 

The purpose of this paper is to intro- 
duce a neiv method, the "hydrolysis 
method," for the determination of piper- 
ine and other bite principles of pepper 
and pepper oleoresins (method I ) .  This 
method attacks the amidic bond of the 
piperidine ring. \vhich is essential for the 
pungency in contrast with the methJ-1- 
enedioxy grouping and the aliphatic 
double bonds (72. 20. 27). The point of 
attack differs from that of all other meth- 
ods. Possible interferences need not 
overlap those of existing procedures. 
For instance, piperonal: that may cause 
high results with both methods E and F. 
does not interfere. Piperic acid, ivhich 
interferes rvith all colorimetric methods, 
does not influence the hydrolysis method. 
Thus methods D: E, F. H.  and I can 
furnish complementary data, also in case 
of adulterations. 

The investigation \vas started ivhen the 
author encountered difficulties in apply- 
ing method E. Some examples of these 
difficulties are given in Tables I and 11. 
On  heating piperine or piperine-contain- 
ing products at 90' C.: the author found 
that the piperine content, determined by 
method E! dropped with time (Table I ) .  
If. according to the directions of the 
American Spice Trade Association (2): 
ground pepper was extracted ivith 
alcohol on the steambath for 3 hours. 
a lo\\-er piperine content was found than 
after an extraction of 24 hours. The 
fineness of grinding, however, did not 
affect the result of the analysis (Table 
11). 

A-CO-CH=CH-CH=CH--B d-CO-CH-CH-CH=CH--B 
Reaction 1 1 1  + -+ 

B-CH=CH-CH=CH-CO-A B-CH-~H-CH=CH-CO-A 

A-CO-CH CH-CH=CH--B 
1 1  + I ;  Redclion 2 

------f 
B-CH CH-CH=CH-CO-A 

A = piperidine nucleus 
B = methylenedioxybenzene nucleus 

pepper of a whole series of vinyl homo- 

would be imaginable. The investiga- 

supposition that these compounds, if 0 101 .3  1 0 0 . 8  
2 9 8 , 5  9 9 . 3  
4 9 6 . 8  9 7 . 4  present, contribute to the pungency of 
6 9 5 . 4  96 .5  pepper. Possibly, some of these sub- 

stances are determined b y  methods E. F. 24 9 3 . 2  94 .0  
and G: but not, or not completely, by 

Table 1. Piperine at 90" C. 
logs of piperine and their stereoisomers % Piperine by 

N ~ ,  of Chromotropic Acid Method 
tions of Staudinger (20. 27) justify the Hours I 2 
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Table II. Determination of Piperine in Ground Pepper 
70 Piperine by Chromotropic Acid Mefhod 

24-Hour 
3-Hour Extraction Exfraction - 

Preparafion o f  Sample 1 2 3 4 I 2 

Coarsely ground in  handmill 7 . 4  7 . 3  7 . 5  7 3 8 . 1  8 .1  
Finely ground in electric mill 7 . 6  7 . 5  7 . 4  7 . 4  8 . 2  8 .1  
Extra  finely pround in electric mill 7 , 5  7 . 6  7 . 4  7 . 2  8 . 0  8 . 0  

€xperimental 

Apparatus. Spccial apparatus is not 
required. Flasks. condensers, and 
Soxhlet extraction apFaratus should be 
provided with ground glass joints. 

Materials. 2.V KClH in diethylene 
glycol is prepared b; dissolving 112 
grams of K O H  in 80 grams of water and 
diluting to 1 liter Lvith diethylene glycol. 

Boric acid. reagent grade. 
Mixed indicator: 0.1 gram of methyl 

red. 0.5 gram of bromocresol green, and 
100 ml. of ethyl alcohol ( 7 ) .  

Piperine. isolated from black Lam- 
pong pepper : piperine I .  recrystallized 
five times from acetone, melting point 
129.9-30.7' C .  ; piperine I I ?  recrys- 
tallized four times from acetone and 
once from ethyl alcohol. melting point 
131.0-31.6' C . ;  piperine 111: recrys- 
tallized five times from acetone, melting 
I'oint 131.2-32.7' C. ; piperine IV. 
recrystallized four times from ethyl 
alcohol. mclting point 130.6-32.4' C. 

Oleoresin pepper I .  an  imitation of 
oleoresin pepper 11. was prepared fiom a 
natural oleoresin by adding lactic acid. 
Oleoresin pcpper 11. a commercial sam- 
ple, contains lactic acid. Oleoresin 
pepper I11 is a natural oleoresin from 
black Lampong pepper. 

Procedures. CHROVOTROPIC ACID 
~ T E T H O D .  The  directions of the 4.S.  
'1-A. were followed (.?). A s  a suitable 
piperine standard could not be found icf. 
the discussion of Table IV) the author 
cannot guarantee the correctness of the 
calibration factor used for the calcula- 
tion. Lvhich is 6.9% lovier than that given 
by the A.S .T.A.  Geriest and coirorkers 
also report trouble with the determina- 
tion of this constant (7). Consequently 
more attention must be paid to the ratio 
oE the figures than to their absolute 
values. 

HYDROI Y S I S  X ~ E T H C I D .  Determination 
of Bite Constituents in an Oleoresin of 
Pepper. LVeigh in ,a 250-ml. round- 
bottomed flask \vel1 homogenized oleo- 
resin containing about 1 gram of 
piperine. Add 100 nil. of 2.V KOH in 
diethylene glycol and reflux 2 hours 
on a sand bath. SLvirl the flask care- 
fully from time to time. After cooling 
the mixture to room temperature, add 
125 i d .  of water f rom the top of the 
condenser and mix the contents of the 
flask cautiously. An adapter, which 
reaches belo~v the surface of 25 ml. of 
saturated boric acid solution with 3 
drops of the mixed indicator. is attached 
to the end of a descending Liebig's con- 
denser lvith splash head. Distill water 
from the flask by way of the Liebig's 
condenser until the distillate is neutral to 
indicator paper (pH 7). If necessary. 
add more 1vatt-r to the distilling flask. 

LYhen the distillation is finished, titrate 
the liquid in the receiver with 0.1.Y HC1 
to the original red color. 

Determination of Bite Constituents in 
Pepper. Extract 15 grams of ground 
pepper Ivith acetone in a Soxhlet appa- 
ratus for about 16 hours, using a 500-ml. 
round-bottomed extraction flask. Dis- 
till the solvent over in a ivater bath 
through a descending Liebig's condenser 
\vith splash head-first a t  normal pres- 
sure, then a t  the vacuum of a Geissler 
pump. Do not allow the temperature 
to rise above 85' C. I t  does not matter 
if part of the essential oil distills over. 
After removal of the solvent, hydrolyze 
the extract which should then be treated 
further in the 500-ml. flask the same Ivay 
as oleoresin of pepper. 

Calculation. Percentage bite con- 
stituents, calculated as piperine: 

2.853 X u x t 
E 

t = titer of HC1 
g = mg. of oleoresin or pepper 

p = 

\\.here a = ml. of 0 . 1 s  HC1 

Results and Discussion 

The use of K O H  in diethylene glycol 
\vas borrowed from Critchfield ( J j ,  
Taking the circumstances under \vhich 
the ester content of an essential oil is 
normally determined (2-gram sample, 
1-hour reflux with 25 ml. of 0.5.\- 
alcoholic KOH) .  very little piperine is 
hydrolyzed. Even more vigorous condi- 
tions than those of Critchfield for the 
saponification of simple acid amides- 
35 meq. amide. 0.5 to 1.5 hours of reflux 
Lvith 50 ml. of 1.V K O H  in diethylene 
glycol-are insufficient for total hy-drol- 
ysis. The author obtained a conver- 
sion of about 80yo by refluxing 8.8 meq. 

of pure piperine with 25 ml. of 1 .Y KOH 
in diethylene glycol for 4 hours. 

Table I11 gives the result of a series of 
tests intended to establish the optimal 
conditions for complete hydrolysis of 
piperine. The tests were generally 
carried out according to the directions 
given above. Deviating conditions are 
mentioned in Table 111. In test 11. 
methyl red \vas used as an indicator; 
instead of saturated boric acid solution, 
jvater \vas placed in the receiver in teit 
12. 

The directions for analysis \yere set 
do\vn on the basis of the data of Table 
111. The conditions are those of test 7. 
The mixed indicator gives somewhat 
better results than methyl red (test 11). 
The use of saturated boric acid solution is 
a measure of precaution to prevent loss of 
piperidine in the initial stage of the dis- 
tillation (test 12). Table I11 sho\vs that 
a correct relation among reaction tem- 
perature. reaction time. and excess of 
reagent is important. 

For various products the piperine 
contents by both the hydrolysis and 
chromotropic acid methods are listed 
in Table IV. In the hydrolysis method, 
the standard directions \\-ere generally 
follo\ved. In  experiments 5. 8. and 11. 
less piperine \vas Jveighed than the direc- 
tions call for; in tests 7 and 10. 120 ml. 
of K O H  solution \rere used instead of 100 
ml. Oleoresins I and I1 have a higher 
acid content than sample I11 and there- 
fore Ivere treated. as far as the hy-drolysis 
method is concerned, Tvith various pro- 
portions of oleoresin-KOH solution. 
The pepper of test 14 is a mixture of black 
Seraivak and black Lampong pepper. 

.4t present, no means are at the 
author's disposal to ascertain the reli- 
ability of the hydrolysis method for 
determining the bite constituents of 
pepper and oleoresins of pepper. Acid 
amides, ammonium compounds. and to 
a lesser degree proteins may cause inter- 
ference. However. the author {vas not 
able to detect ammonia in the dis- 
tillate after analysis of an oleoresin. 
Large amounts of alkali-consuming con- 
stituents interfere. and the quantity or 

~ 

Table 111. Piperine Content by Hydrolysis Method 

Retlux 
Tesf KOH Solufion Temp., 
No. Solvenf Normolity M I .  c. 

1 DEG 1 
2 DEG 2 
3 DEG 3 
4 DEG 4 
5 DEG 2 
6 DEG 2 
7 DEG 2 
8 DEG 4 
9 EX 2 

10 E .\ 2 
11 DEG 2 
1 2  DEG 2 

DEG = diethylene glycol. 
E.\ = ethyl alcohol. 

100 158 
I00 138 
100 132 
100 130 

50 
25 

I00 138 
100 132 
100 130 
50 
25 

100 
100 
100 82 
100 
100 
100 

Retlux 
Time, % Piperine 
Hours I 2 

4 96 8 96 5 
4 99 4 99 2 
4 94 9 94 4 
4 93 0 92 6 
4 97 6 97 8 
4 95 9 96 6 
2 101 2 100 4 
2 100 3 100 4 
2 48 9 47 5 
4 43 6 42 8 
2 98.8 
2 97 1 
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Table IV. Piperine Content of Various Products 

Hydrolysis 
Method yo Piperine KOH 

Piper- solu. Hydrolysis Chromofropic 
Tesf ine, fion, Method Acid Mefhod 
No. Product g. ml. I 2 I 2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Piperine I 1 101.2 
Piperine I1 1 100.0 
Piperine I11 1 100.2 
Piperine IV 1 100.2 
Oleoresin pepper I 1 100 22 .7  
Oleoresin pepper I 4 100 2 1 . 2  
Oleoresin pepper I 4 120 22 .7  
Oleoresin pepper I1 1 100 21 .1  

Oleoresin pepper I1 4 120 22 .5  
Oleoresin pepper I1 4 100 20 .6  

Oleoresin pepper 111 1 5 1 . 6  
Black Lampong pepper 15 6 . 7 7  
Black Malabar pepper 15 6 .42  
Serawak/Lampong 15 6 . 2 0  

pepper 

100 .4  
100.8 
99 .8  

100 .1  
2 2 . 8  

20 .3  

50 .5  
6 . 6 7  
6 . 4 4  
6 . 3 0  

06 .7  106.6 
9 9 . 7  100 .0  
0 3 . 2  102.7 
06.1 106 .1  
2 8 . 2  28.0 

29 .2  2 8 . 7  

54 .6  53 .8  
7 . 0 2  7 .36  
7 . 2 4  7 .62  
7 . 5 3  7 . 1 6  

Terf 
No. 

1 

2 
3 

4 

5 

6 

Table V. Oleoresins on Dextrose Base 

% Piperine 

-- Chromo- Hydrolysis Method 

Reflux fropic 
Product, time, Hydrolysis acid 

Product g .  hours Normolify MI. rnefhod mefhod 

Oleoresin pepper 1 8 . 2  

Dextrose 1 8 . 6  
Oleoresin pepper I 5  4 1 30 3 .25  

on dextrose I 

. .. 
on salt 

on dextrose I1 
Oleoresin pepper 15 4 1 30 0 

Oleoresin pepper 15 4 4 60 3 .32  

Oleoresin pepper 15 4 4 100 3 . 4 2  
on dextrose I1 

on dextrose I1  

normality of the K O H  solution may have 
to be varied from standard directions 
(Table IV, tests 5 to 10). 

The four samples of piperine in Table 
IV have very different contents by the 
chromotropic acid method. \\hereas the 
hydrolysis method shoil-s about 100% in 
all cases. In the author's opinion. this 
fact favors the hydrolysis method. 

In Table IV. the colorimetric method 
gives much higher results than the hy- 
drolysis method. In view of the un- 
certainty regarding the calibration fac- 
tor. this is of minor importance. More 
significantly, the ratio behieen the re- 
sults of the t\io methods is not constant. 

\Vhether piperine might be directly 

determined by hydrolysis in oleoresins, 
distributed on dextrose. was examined 
in the experiments listed in Table V. 
These tests were performed before the 
hydrolysis method xias subjected to an 
extensive examination. so that there are 
deviations from the standard directions. 
The oleoresins of pepper on dextrose I1 
and on salt contain equal percentages of 
the same oleoresin. Table 1'. test 2. 
indicates that dextrose severely inter- 
feres \\ ith the chromotropic acid pro- 
cedure. The hydrolysis method can be 
used for oleoresins on a dextrose base. 
Experiments 4. 5, and 6 demonstrate 
that the presence of dextrose requires a 
large excess of alkali. 
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