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DETERMINATION OF BITREX,  QUASSIA POWER AND 
SUCROSE OCTAACETATE NEXT TO DIETHYL PHTHALATE AM, 
CAMPHOR M SPECIALLY DENATURED ALCOHOLS RY LIQUID 

CHROMATOGRAPHY . 

Jan Kovar and Mireille Loyer 
Labora tory  and S c i e n t i f i c  S e r v i c e s  D i r e c t o r a t e ,  

Revenue Canada, Customs and Exc i se ,  
O t t a w a ,  O n t a r i o  
K1A OL5 (Canada) 

AB ST RACT 

A HPLC method f o r  de t e rmina t ion  of t he  b i t t e r  p r i n c i p l e s ,  
b i t r e x ,  q u a s s i a  and suc rose  o c t a a c e t a t e ,  next  t o  o t h e r  
i n g r e d i e n t s  i n  S p e c i a l l y  Denatured Alcohol fo rmula t ions  i s  
d e s c r i b e d .  The method i s  based on evapora t ion  of a sample,  
e x t r a c t i o n  of t h e  r e s i d u e  wi th  hexane and a n a l y s i s  of t h e  
e x t r a c t e d  r e s i d u e  on a Cyano-type column wi th  a c e t o n i t r i l e - w a t e r  
used as the  e l u e n t .  Baseline s e p a r a t i o n  of compounds and 
s a t i s f a c t o r y  q u a n t i t a t i o n  has been achieved. Samples wi thout  
p re t r ea tmen t  can o c c a s i o n a l l y  be ana lysed  wi th  s l i g h t  
m o d i f i c a t i o n s  of t he  procedure .  

IMRODUCT I O N  

While t h e  b i t t e r  subs t ances ,  B i t r e x ,  

(Benzyldiethyl(2,6-xylylcarbamoylmethyl)amonium benzoate)  

Quass i a  powder and Sucrose  Octaacetate ( S O A ) ,  used i n  s e v e r a l  

fo rmula t ions  of s p e c i a l l y  dena tured  a l c o h o l s  can be, i n  

excep t iona l  c i rcumstances ,  i d e n t i f i e d  and t o  some e x t e n t  
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2164 KOVAR AND LOYER 

q u a n t i t a t e d  by UV or  IK, t h e  s p e c t r o s c o p i c  d e t e r m i n a t i o n s  

g e n e r a l l y  f a i l ,  when o t h e r  s t r o n g l y  abso rb ing  compounds, such as 

d i e t h y l  p h t h a l a t e ,  are p r e s e n t .  It w a s  t h e r e f o r e  necessa ry  t o  

develop a technique  f o r  s e p a r a t i n g  the  compounds of i n t e r e s t  from 

t h e  contaminants  p r i o r  t o  de t e rmina t ion .  L iqu id  chromatography 

seemed t o  be such a technique .  

Two LC methods have been d e s c r i b e d  i n  t h e  l i t e r a t u r e  f o r  

s e p a r a t i o n  and de te rmina t ion  of B i t r e x  from a sometimes complex 

mat r ix  of compounds (1 ,Z) ;  t h e r e  a r e  none, t o  our knowledge, f o r  

t h e  o t h e r  two d e n a t u r a n t s .  One of the methods, u s ing  a r e v e r s e d  

phase type  of a column and a c e t o n i t r i l e - w a t e r  mixture  as mobile 

phase seemed t o  have promise a l s o  f o r  t he  o t h e r  compounds and w a s  

t h e r e f o r e  s e l e c t e d  t o  be adapted  f o r  t h e  g e n e r a l  a p p l i c a t i o n  i n  

de te rmining  a l l  t h r e e  b i t t e r  p r i n c i p l e s  s imul t aneous ly .  

The low c o n c e n t r a t i o n s  of t h e  d e n a t u r a n t s  used i n  t h e  

allowed ( 3 )  fo rmula t ions  ( s e e  T a b l e  1) sugges ted  t h a t  some s o r t  

of p r e c o n c e n t r a t i o n  s t e p  might be necessa ry  and t h e r e f o r e  a 

c o n c e n t r a t i o n  procedure  w a s  i n v e s t i g a t e d .  The h igh  p r o p o r t i o n  of 

p o s s i b l y  i n t e r f e r i n g  compounds c a l l e d  f o r  t h e i r  removal p r i o r  t o  

LC and an e x t r a c t i o n  procedure  w a s  a l s o  d e s i r a b l e ;  t h e  

d i s t r i b u t i o n  p r o p e r t i e s  of t h e  inain i n g r e d i e n t s  were t h e r e f o r e  

s t u d i e d .  

EXPER IMEN'IAL 

Appara tus  and Chromatography Cond i t ions :  

The a n a l y s e s  were performed us ing  a Waters A s s o c i a t e s  Liquid  

Chromatography system, c o n s i s t i n g  of: 

Model 600OA Solven t  De l ive ry  System 

Model U4K I n j e c t o r  

Model SF770 Spec t ro f low Monitor ( S c h o e f f e l  In s t rumen t s  Corp.) 

Model 95-8290 Honeywell Dual Pen F l a t  Bed Recorder.  
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DETERMINATION OF BITTER PRINCIPLES 2165 

TABLE 1 

Regula t ion  ( 3 )  Formulas Conta in ing  B i t r e x  and/or Quass i a  
Powder and/or Surose  O c t a a c e t a t e ,  w i th  Concent ra t ions  Expressed 
i n  mg/L of Sample, 

Formula 
--- 

Ethanol  
% v o l  

95 

95 

95 

93 

93 

94 -- 
*DEP D i e t h y l  P h t h a l a t e ;  
*SOA Sucrose Octaacetate 

Column: UBondapak-CN (Waters A s s o c i a t e s ) ,  3.9 nun I D ,  300 nun 

l e n g t h ,  S t a i n l e s s  steel ,  P / N  41515, p a r t i c l e  s i z e  10 vm. 

Hamilton Syr inge ,  10 pL. 

Mobile Phase: A c e t o n i t r i l e ,  (Caledon) 30% by volume, i n  water 

( d i s t i l l e d ,  f o r  LC) (Baker Analyzed) un le s s  o therwise  i n d i c a t e d .  

The s o l u t i o n  was  degassed p r i o r  t o  use by spa rg ing  f o r  3-5 min, 

u s ing  pure helium. 

Flow r a t e :  1 mL/min. (Opera t ing  range 600 - 1200 ps i . )  UV: 210 

nm, range 0 - 0.4 A ,  un les s  o the rwise  i n d i c a t e d .  

Char t  speed: 8mmlrnin. 

Rentent ion  t i m e s  of r e f e r e n c e  compounds are summarized i n  T a b l e  

2 ,  f o r  21OC. 
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- 
30 

- 
1.9020.05 

(13) 

5.27 k0 .05 

6.1020.05 
(9)  

(9) 

KOVAR AND LOYER 

30, i n  
01-M N a C l  

2.420.2 
(18) 

5 .2 20 . 1 

6.0520.07 

I 

TABLE 2 

Rentenion times: (min, and s t anda rd  d e v i a t i o n ;  number of 
de t e rmina t ions  i n  b r a c k e t s )  

A c e t o n i t r i l e  
x 

60 50 

3.63k0.08 

F ron t  peak 

B i t r e x  2.020.1 
(10) - 

- 
40 

1.7920.02 
( 5 )  

1.86t0.05 
(5 )  

13.220 .4 
(13) 

9.8k0.1 
(12) 

7.2k0.3 
(2 )  

--- 

2.5 - 3.6 

1.75 
~~ 

1.8 

12.8 k0 . 1 

9.720.2 

2.4 - 3.6 

2.11 k0.03 

* SOA Sucrose  O c t a a c e t a t e ;  DEP D i e t h y l  P h t h a l a t e  

I m p u r i t i e s  and Contaminants ( R e t e n t i o n  T i m e s  are f o r  30% 

A c e t o n i t r i l e  as Mobile Phase):  

When samples con ta in ing  l a r g e  amounts of DEP were i n j e c t e d ,  

s i g n a l s  a t  1.7 - 1.9 min. were sometimes observed , ("Front  

Peak") p o s s i b l y  due t o  the  presence  of small amounts of p h t h a l i c  

a c i d  i n  t h e  p h t h a l a t e .  Peaks i n  t h e  same range of r e t e n t i o n  t i m e  

appeared upon i n j e c t i o n  of SOA a lone ,  l i k e l y  due t o  f r e e  s u c r o s e ,  

and were a l s o  p re sen t  i n  samples of Quass ia .  Even i f  r e l a t i v e l y  
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DETERMINATION OF BITTER PRINCIPLES 2167 

weak, t h e  s i g n a l s  might be confused wi th  genuine B i t r e x  peaks 

from which they  are only  marg ina l ly  r e so lved ,  and enhance the 

apparent  8 i t r e x  c o n c e n t r a t i o n ,  

Sample chromatograms are a t t a c h e d  as F i g  .l . 
Old samples o r i g i n a l l y  con ta in ing  SOA e x h i b i t e d ,  i n  a d d i t i o n  

t o  t h e  expected peaks a t  13.0 and 1.8 min., s i g n a l s  at 3 . 4 ,  5.6 

and 8.0 min; concur r t en ly  t h e  i n t e n s i t y  of t he  main peak was much 

lower than  expec ted  t o  t h e  p o i n t  of t o t a l  d i sappearance .  

These peaks do not  i n t e r f e r e  wi th  the  de t e rmina t ion  of t he  o t h e r  

compounds. 

C a l i b r a t i o n :  

Primary s t anda rd  s o l u t i o n s  were prepared  by weighing, 

a c u r a t e l y ,  about 8 mg B i t r e x ,  100 mg Sucrose Octaacetate and 60 

mg Quass ia  i n t o  separate 10.00 ml vo lumet r i c  f l a s k s  and f i l l i n g  

each  f l a s k  up t o  the  mark wi th  mobile phase (30% A c e t o n i t r i l e  i n  

water). 

Note: The amount of SOA is c l o s e  t o  t h e  s o l u b i l i t y  l i m i t  

under t hese  cond i t ions ;  e.g., 450 mg d id  not d i s s o l v e  i n  10 ml of 

t h i s  s o l v e n t .  Secondary s o l u t i o n s  of B i t r e x  and of Quass ia  were 

prepared  by d i l u t i n g  t o  one f i f t h ,  one t e n t h  and one t w e n t i e t h  of 

t h e  o r i g i n a l  concen t r a t ion ;  

Secondary s o l u t i o n s  of SOA were prepared by d i l u t i n g  t o  one ha l f  

and one f i f t h  of the  primary, u s ing  the same mobile phase as 

s o l v e n t .  

10 ILL of each  s o l u t i o n  were i n j e c t e d  i n  success ion ,  and run  

under t h e  cond i t ions  s p e c i f i e d  above except  t h a t  t h e  Range ( U V )  

of 1.0 w a s  used f o r  primary s t anda rd  of B i t r e x ,  and the  Range of 

0.1 f o r  s o l u t i o n s  a ,b  and c of Quass ia ;  a l l  o t h e r  s o l u t i o n s  were 

run a t  the  s t anda rd  Range of 0.4 A. The h e i g h t s  of peaks 

cor responding  t o  the  compounds analyzed were measured ( s e e  Table  

of r e t e n t i o n  t imes)  in mm, v e r t i c a l l y ,  from top  of t he  peak t o  
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2168 KOVAR AND LOYER 

i 
E" 
0 
(D 
d 
(0 

Chromatograms of B i t r e x ,  Quass ia  and Sucrose O c t a a c e t a t e ,  10 pL, 

30 % A c e t o n i t r i l e  i n  0.01 M N a C 1 ,  d e t e c t o r  range 0.4 

t h e  base l i n e  determined as connec t ion  between t h e  two ad jacen t  

v a l l e y s .  The h e i g h t s  ob ta ined  i n  runs  a t  Ranges o t h e r  than 0.4 

were r e c a l c u l a t e d  t o  s t anda rd  0.4 range. 

Response f a c t o r s  were c a l c u l a t e d  by l i n e a r  r e g r e s s i o n  

"through o r i g i n "  ( 4 , 5 , 6 )  accord ing  t o  the  equat ion:  

Concen t r a t ion  (mg/L) = B x h e i g h t  (mm) 

The estimate of t h e  s t anda rd  e r r o r  ( S )  is g iven  as 

s =(c ( 6 y ) z  / (n-1) (mg/L) 

Tbe response  f a c t o r s  a r e  summarized i n  Tab le  3 .  
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DETERMINATION OF BITTER PRINCIPLES 

Compound 

(Concent ra t ion)  

B i t r e x  
(40 - 840 mg/L) 

Quass i a , a t  5 .3  m 
a t  6.1 m 

(300-6500 mg/L) 

(2000-20400 mg/L) 
SOA 

- 

2169 

30% A c e t o n i t r i l e / w a t e r  30% Ace ton i t r i l e /O  .O1 
M N a C l  

F a c t o r  S td .  Cor re l .  F a c t o r  S td .  C o r r e l ,  
B e r r o r  coeff B e r r o r  coeff 

S S 

0.98 I9 0.9991 1.60 5 0.9999 

85 66 0.989 98 18 0.999 
80 38 0.996 80 17 0.999 

90 279 0.997 89 303 0.999 

TABLE 3 

Response F a c t o r s  f o r  Converting Peak Heights  (mm) t o  
c o n c e n t r a t i o n s  (mg/L) 

R e l a t i v e  s t anda rd  d e v i a t i o n  of t h e s e  f a c t o r s  (B) is  i n  the  

range  of 2 - 10%. Corresponding f a c t o r s  f o r  d i e t h y l  p h t h a l a t e  

and f o r  Camphor are 1.1 and 28 , r e sp . ,  as determined from s i n g l e  

concen t r a t ion  runs.  

The range of r e l a t i v e  s t anda rd  e r r o r ,  expressed as t h e  

percentage  of the  s t anda rd  e r r o r  from t h e  concen t r a t ion  limits 

used, is 0.6 t o  48% for  B i t r e x ,  0 . 3  t o  22% f o r  Quass ia  and 3 t o  

15% f o r  Sucrose Octaacetate, t h e  h ighe r  va lues  corresponding t o  

t h e  lower ends of the  concen t r a t ions .  

Sample P repa ra t ion :  

A /  By evapora t ion  - d i s s o l u t i o n .  

S u i t a b l e  f o r  samples con ta in ing  one or more of the  b i t t e r  

p r i n c i p l e s  only ,  such as formulas 1-B. (Table 1). The sample as 

rece ived  (10.0 mL) was p i p e t t e d  i n t o  a round g l a s s  d i s h  (80  x 45) 
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2170 KOVAR AND LOYER 

and evapora ted  t o  dryness  from t h e  top of a b o i l i n g  water ba th  

(about  20 min); t he  r e s i d u e  w a s  t r a n s f e r r e d  q u a n t i t a t i v e l y  i n t o  a 

3.5 mI, v i a l  u s ing  1-2 mL of ace tone  (SOA or  B i t r e x  suspec ted )  o r  

methanol (Quass ia  suspec ted )  and t h e  s o l v e n t  evapora ted  i n  a 

stream of n i t r o g e n  wi th  s l i g h t  hea t ing  (up t o  4 0 " ) ;  t he  r e s i d u e  

w a s  d i s s o l v e d  i n  1000 pL of mobile phase (30% or  more 

A c e t o n i t r i l e  i n  w a t e r ) ,  10 ~ J L  of t h e  s o l u t i o n  i n j e c t e d ,  and the  

peaks i d e n t i f i e d  by r e t e n t i o n  times. The c o n c e n t r a t i o n s  of t h e  

compounds found i n  t h e  sample were c a l c u l a t e d  us ing  peak h e i g h t s  

and the  f a c t o r s  e s t a b l i s h e d  i n  c a l i b r a t i o n .  

The c o n c e n t r a t i o n  i n  t h e  o r i g i n a l  sample i s  taken  as one 

t e n t h  of t h e  c o n c e n t r a t i o n  so determined. 

i3/ By evapora t ion  - e x t r a c t i o n :  

S u i t a b l e  f o r  samples con ta in ing  d i e t h y l  p h t h a l a t e ,  camphor 

and p o s s i b l y  o t h e r  contaminants ,  such as i n  formulas 1-F and 

1-S. (Table  1) .  The sample was evapora ted  and the  r e s i d u e  

t r a n s f e r r e d  t o  a 7 mL v i a l  as under (A)  above; t he  r e s i d u e  w a s  

d i s s o l v e d  by shaking  thoroughly  f o r  60 seconds wi th  1000 UL of 

30% A c e t o n i t r i l e  i n  water mobile phase and 5.0 mL hexanes (UV 
grade ) ,  l e f t  s t and  t o  s e p a r a t e ,  and a p o r t i o n  of t he  bottom l a y e r  

used f o r  i n j e c t i o n  i n t o  LC. Concen t r a t ions  of d e t e c t e d  b i t t e r  

compounds were c a l c u l a t e d  as under ( A ) .  

While camphor w a s  v i r t u a l l y  removed from t h e  mixture i n  t h i s  

procedure,  a s t r o n g  s i g n a l  cor responding  t o  d i e t h y l  p h t h a l a t e  w a s  

s t i l l  p resen t  i n  t h e  chromatogram; t h i s  s i g n a l  is w e l l  r e so lved  

from, and does not i n t e r f e r e  w i t h ,  t he  s i g n a l s  of compounds of 

i n t e r e s t .  

C /  Direct i n j e c t i o n :  

S u i t a b l e  f o r  c l ean  samples wi thout  contaminants;  a l t e r n a t i v e  

t o  procedure ( A ) .  20 pL sample as rece ived  ( o n l y  f i l t e r e d ,  i f  

necessa ry )  w a s  i n j e c t e d  and run a t  Range 0.1 A. The peak h e i g h t s  

were measured and s t a n d a r d i s e d  and c o n c e n t r a t i o n  c a l c u l a t e d  us ing  
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DETERMINATION OF BITTER PRINCIPLES 2171 

response  F a c t o r s .  The c o n c e n t r a t i o n  so determined i s  the  

c o n c e n t r a t i o n  i n  t h e  sample. When procedure (C) was used wi th  

samples con ta in ing  l a r g e  amounts of p h t h a l a t e s  o r  similar 

contaminatns ,  t he  huge peak of t he  p h t h a l a t e  (9  - 12 min R.T.), 

and the  minor components u s u a l l y  conta ined  i n  t h e  p h t h a l a t e s  

u sed ,  tended t o  i n t e r f e r e  wi th  some of t he  peaks t o  be measured 

and made the  peak i d e n t i f i c a t i o n  d i f f i c u l t ;  f u r t h e r ,  t h e  

contaminants tended t o  s t a y  p a r t l y  behind i n  t h e  LC system and 

c l u t t e r e d  the  subsequent runs ;  e x t e n s i v e  c l ean ing  of t he  column 

and i n j e c t o r  w a s  u s u a l l y  r e q u i r e d  i n  such a case. 

E s t i m a t e  of t h e  D i s t r i b u t i o n  C o e f f i c i e n t  of D i e t h y l  P h t h a l a t e .  

A known amount of d i e t h y l  p h t h a l a t e  w a s  shaken wi th  1000 UL 

mobile phase and 5.0 mL hexanes,  t he  mixture l e f t  s t a n d i n g  to 

s e p a r a t e  and the  bottom l a y e r  ana lysed  by LC f o r  d i e t h y l  

p h t h a l a t e  as desc r ibed  above. The r e s u l t s  are summarized i n  

T a b l e  4 .  

A s  shown, a s i n g l e  e x t r a c t i o n  of 1000 ~.IL s o l u t i o n  of the  

evapora t ion  r e s i d u e  i n  mobile phase of not more than  30% 

a c e t o n i t r i l e  wi th  5 ml hexane removes the  p h t h a l a t e  s u f f i c i e n t l y  

f o r  subsequent LC a n a l y s i s  of t he  watery  phase. 

T e s t  Runs. 

S e v e r a l  samples were prepared  by weighing t o  s i inu la te  

working d o l u t i o n s  obta ined  by procedure A and precedure  B .  

Samples of dena tured  s p i r i t s  were a l s o  t e s t e d  fo l lowing  procedure 

C. The r e s u l t s  are summarized i n  Tab le  5. 

RESULTS AND DISCUSS I O N  

When i n o r g a n i c  salts are used as c o n s t i t u e n t s  i n  the  mobile 

phase,  as sugges ted  i n  t h e  l i t e r a t u r e  (1,2) a l eng thy  system 
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2172 KOVAR AND LOYER 

D i s t r i b u t i o n  C o e f f i c i e n t s  f o r  Diethyl  Ph tha la t e  between 
Mobile Phase and Hexane, a t  21" C 

dob i l e  phase: (2  a c e t o n i t r i l e )  

D i s t r i b u t i o n  c o e f f i c i e n t ,  K 

c leaning i s  required d a i l y  a f t e r  each series of runs. To save 

t i m e ,  most of the experiments were run without the a d d i t i o n  of 

s a l t s ;  no apparent  d e t e r i o r a t i o n  of peak shapes or  s i g n i f i c a n t  

changes i n  r e t e n t i o n  times were observed when compared t o  r e s u l t s  

of experiments using sodium ch lo r ide .  

The r a t i o  60140 f o r  the a c e t o n i t r i l e / w a t e r  system provided 

very good s e p a r a t i o n  of the t h r e e  b i t t e r  substances from one 

another.  Sharp,  s t rong  s i n g l e t t s  were obtained f o r  B i t r ex  and 

SOA and a m u l t i p l e t  f o r  Quassia powder as corresponds t o  the 

complex na tu re  of the l a t t e r .  The t o t a l  a n a l y s i s  time of less 

than 4 minutes w a s  very appealing a l s o .  (Table 2 . )  However, 

very l i t t l e  or no sepa ra t ion  was observed f o r  SOA and d i e t h y l  

ph tha la t e ,  which precludes the  use of t h i s  system eve,n i f  most of 

the ph tha la t e  i s  removed i n  advance by e x t r a c t i o n .  Gradual 

i nc rease  of the proport ion of water i n  the  mobile system s h i f t e d  

the r e t e n t i o n  time of SOA s u f f i c i e n t l y  away from the s i g n a l  of 

the p h t h a l a t e ,  u n t i l  a s a t i s f a c t o r y  sepa ra t ion  was achieved a t  a 

r a t i o  of 30170, with the a n a l y s i s  time being s t i l l  i n  the 

acceptable  range of below 15 min. A t  the  same t i m e ,  t he  

r e s o l u t i o n  between a l l  the o the r  compounds, including camphor 

and, poss ib ly ,  e thano l ,  has improved a l s o .  The response (Peak 

height  corresponding t o  u n i t  concentrat ion)  t h a t  n e c e s s a r i l y  

decreases  with longer r e t e n t i o n  times due t o  peak broadening, 

remained s u f f i c i e n t l y  high f o r  the ten-f old concen t r a t ions ,  and, 
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DETERMINATION OF BITTER PRINCIPLES 

TABLE 5 

Chromatography of Test Samples 

Sample 
I/ 

2173 

Composition Proce- 30% A c e t o n i t r i l e /  30% A c e t o n i t r i l e /  
mg/L dure water 1 M N a C l  

Found,mg/L % of Found,mg/L % of 
expected expected 

a )  Compounds disso-ved 

and 

3 

4 

5 

c )  Corn 

6 

7 

i n  mobile phaAc and analysed 

ana l  y s ed 

an: 8.3 
QUAS: 129 
DEP: 22400 

SOA: 208 
DEP: 22400 

BIT:  16.6 
DEP: 11200 

ounds d i s s o  

1 SOA: 328 A 324 --- DEP: 56 

2 BIT:  8.3 A 
SOA: 520 

B 

B 

B 

ved in 

99 -- 

7.5, 7.7 90,93 
506, 525 98,101 

b)  Compounds disso-ved i n  mobile phase,  e x t r a c t e d  with hexane 

150, 150 105,105 

"!.8 1 15.0, 5.4 1 70,76 - 

9.3, 10.2 
108, 104 

Abbreviat ions i n  the  table:  
B I T  B i t r ex  
SOA Sucrose Octaacetate 
QUAS Quassia powder 
DEP D i e t h y l  P h t h a l a t e  

112,123 
84,81 

122 59 116, 116 56,56 
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2174 KOVAR AND LOYER 

as was shown l a t e r ,  remained s u f f i c i e n t  even f o r  c o n c e n t r a t i o n s  

of t he  b i t t e r  compounds i n  samples as r ece ived  (Regu la t ion  

fo rmulas )  , when t h e  s e n s i t i v i t y  s e t t i n g  w a s  p r o p e r l y  a d j u s t e d .  

Add i t ion  of sa l t  (NaC1) t o  t h e  mobile phase (0.01 M) seemed 

t o  improve the  s e p a r a t i o n  of i 3 i t r ex  from t h e  f r o n t  peak, but t h i s  

advantage  proved t o  be temporary. Repea t ing  t h e  i n j e c t i o n  of an 

a p p r o p r i a t e  mix tu re  a f t e r  about t e n  i n j e c t i o n s  of o t h e r  compounds 

gave a chromatogram wi th  t h e  f i r s t  two s i g n a l s  s t r o n g l y  merged, 

similar t o  s i g n a l s  ob ta ined  wi th  t h e  mobile phase wi thou t  s a l t .  

The r e s o l u t i o n  power of t h e  column was r e s t o r e d  a f t e r  thorough 

washing (30 min) wi th  water  and A c e t o n i t r i l e  (10 min) ,  but a g a i n  

on ly  f o r  a s h o r t  t i m e .  A t  t h e  same time t h e  s l i g h t  i n c r e a s e  i n  

r e t e n t i o n  t i m e  of B i t r e x  brought t h e  peak i n  c l o s e  p rox imi ty  t o  

t h e  e t h a n o l  s i g n a l ,  so  t h a t  t h i s  sys tem could no t  be used f o r  

B i t r e x  d e t e r m i n a t i o n  i n  a l c o h o l s  as r ece ived ,  i f  such an approach  

were chosen. The sa l t  d id  not  have any s i g n i f i c a n t  e f f e c t  on t h e  

p o s i t i o n ,  s t r e n g t h  or  r e s o l u t i o n  of s i g n a l s  of a l l  t h e  o t h e r  

compounds i n v e s t i g a t e d .  The more p r a c t i c a l  s a l t - f r e e  phase of 30 

% a c e t o n i t r i l e  i n  water is t h e r e f o r e  recommended f o r  r o u t i n e  

use .  When equ ivoca l  r e s u l t s  r ega rd ing  B i t r e x  c o n c e n t r a t i o n  are 

ob ta ined ,  t h e  0.1 M N a C l  c o n t a i n i n g  mixture  could  be used ,  bu t  

on ly  a f t e r  thorough c o n d i t i o n i n g  of t h e  chromtographic  system. 

The l i n e a r i t y  of t h e  responses  i n  t h e  ranges  de f ined  by t h e  

c o n c e n t r a t i o n  l i m i t s  of t h e  c a l i b r a t i o n  s o l u t i o n s  c a l c u l a t e d  by 

l i n e a r  r e g r e s s i o n  and expres sed  as c o r r e l a t i o n  c o e f f i c i e n t s ,  i s  

s a t i s f a c t o r y :  0.999 f o r  B i t r e x ,  0.998 f o r  Quass i a  ( a t  6.1 min) 

and 0.997 f o r  SOA. While B i t r e x  and SOA g i v e  a s i n g l e  peak under 

t h e  c o n d i t i o n s  d e s c r i b e d  and t h e r e  is no ainbiguity as t o  choosing 

t h e  a n a l y t i c a l  r e f e r e n c e ,  Quass i a  powder i n v a r i a b l y  g i v e s  a 

m u l t i p l e t  of a t  l e a s t  s i x  d i s c e r n i b l e  peaks ,  two of which are 

prominent and a lmost  of equa l  i n t e n s i t y  (5.3 and 6.1 min); e i t h e r  

one of t h e s e  two can be used f o r  h e i g h t  (and c o n c e n t r a t i o n )  

measurement , when t h e  proper  cor responding  f a c t o r  is used. 
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DETERMINATION OF BITTER PRINCIPLES 2175 

S e v e r a l  samples of Quass i a  powder of ve ry  d i f f e r e n t  provenance 

were ana lysed  us ing  t h e  desc r ibed  procedure; t h e r e  w a s  no 

apparent  v a r i a t i o n  between t h e  chromatograms r e p r e s e n t i n g  t h e  

d i f f e r e n t  samples. 

The re  w a s  an o p p o r t u n i t y  t o  a n a l y s e  samples c o n t a i n i n g  SOA 

(Formulas 1 B type  c, and 1 F ,  t ype  b) t h a t  were kep t  i n  t h e  

l a b o r a t o r y  i n  a c losed  b o t t l e  f o r  4 - 5 yea r s .  I n v a r i a b l y ,  t h e  

c o n t e n t  of SOA,in t h e s e  s o l u t i o n s  decreased  below 50 

d e c l a r e d  concentration-some had v i r t u a l l y  a ze ro  con ten t  -, wi th  

t h e  concommitant emergence of new, not i d e n t i f i e d  peaks,  none of 

them i n t e r f e r i n g  wi th  the  recognised  s i g n a l s  desc r ibed  i n  T a b l e  

2 .  They are most l i k e l y  due t o  s o l v o l y s i s  p roduc t s  of S O B ,  such 

as g lucose  t e t r a a c e t a t e ,  f r u c t o s e  t e t r a a c e t a t e ,  lower acetates of 

one of t h e  suga r s  ( s u c r o s e ,  g l u c o s e ,  f r u c t o s e )  and p o s s i b l y  

suc rose  i t s e l f  ( r e t .  t i m e  f o r  suc rose  w a s  found t o  co inc ide  w i t h  

t h e  " f r o n t  peak", i.e. 1.75 min). Whi l e  t h i s  f i n d i n g  is not 

d e t r i m e n t a l  t o  t h e  procedure ,  it raises doubts about t h e  long  

term e f f i c a c y  of Sucrose  O c t a a c e t a t e  as a dena tu ran t .  

of t h e  

F o r  reasons  of chromatographic p r a c t i c a l i t y  - such as 

working a t  i n t e r m e d i a t e  s e n s i t i v i t y  wi th  r e sonab le  b a s e l i n e  

s t a b i l i t y  and s i g n a l  s t r e n g h  - it w a s  cons idered  a d v i s a b l e  t o  

i n c r e a s e  t h e  c o n c e n t r a t i o n  of t h e  sample about t e n  times as 

compared t o  samples as r ece ived ;  t h i s  would a t  the  same t i m e  

a l low f o r  removal of t h e  bulk  of e t h a n o l ,  whose s i g n a l  j u s t  might 

i n t e r f e r e  wi th  t h e  c l o s e l y  ne ighbour ing  peaks of B i t r e x  on one 

s i d e  and Quass i a  on t h e  o t h e r .  Such a p r e c o n c e n t r a t i o n  i s  e a s i l y  

achieved  by evapora t ing  e x a c t l y  10 mL of sample and d i s s o l v i n g  

t h e  r e s i d u e  i n  e x a c t l y  1 mL of a n o n - i n t e r f e r i n g  s o l v e n t ,  such as 

t h e  mobile phase i t s e l f ,  as desc r ibed  i n  the  Exper imenta l .  

C l e a r  s o l u t i o n s  were ob ta ined .  The m u l t i p l e  t r a n s f e r  of t h e  

m a t e r i a l ,  however, w a s  r e f l e c t e d  i n  incomple te  recovery .  

In view of t h e  c o n c e n t r a t i o n  r a t i o s  of d i e t h y l  p h t h a l a t e  t o  

b i t t e r  subs t ances  i n  t h e  a p p r o p r i a t e  formulas  (Tab le  1) it w a s  
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2176 KOVAR AND LOYER 

deemed adv i sab le  - and was born ou t  i n  experiments - t o  remove 

the  bulk of t h e  p h t h a l a t e ,  and camphor p r i o r  t o  LC a n a l y s i s ,  i n  

s p i t e  of t h e  good s e p a r a t i o n  of t h e  compounds i n  ques t ion .  To 

assess the  s u i t a b i l i t y  of l i k e l y  s o l v e n t  systems f o r  t h e  

e x t r a c t i o n  procedure ,  d i s t r i b u t i o n  c o e f f i c i e n t s  were determined 

by ana lys ing  the  water l a y e r s  f o r  r e s i d u e s  of t he  p h t h a l a t e .  The 

c o e f f i c i e n t s  were found t o  i n c r e a s e  d r a m a t i c a l l y  when water 

con ten t  i n  the  system mobile phase/hexane w a s  i nc reased .  

The c o n c e n t r a t i o n  of SOA i s  decreased  i n  t h i s  p rocess  t o  

about 60 % of the  o r i g i n a l ,  Quass i a  t o  ahout 80 %, whereas B i t r e x  

c o n c e n t r a t i o n s  seem no t  t o  be a f f e c t e d .  

The p r e c o n c e n t r a t i o n  procedure d i scussed  above l ends  i t s e l f  

d i r e c t l y  t o  t h e  e x t r a c t i o n  (see Exper imenta l ) .  

The r e s u l t s  ob ta ined  by chromatography of t he  c o n c e n t r a t e s  

and cor respondingly  prepared  s t anda rd  mix tu res ,  sugges ted  t h a t  

t h e  s i g n a l s  are s u f f i c i e n t l y  s t r o n g  t o  be d e t e c t e d  i n  samples as 

r e c e i v e d ,  i f  t h e  i n j e c t i o n  volume is  doubled and t h e  s e n s i t i v i t y  

inc reased  about fou r  times. Experiments have borne t h i s  o u t ,  a t  

least  f o r  simple formulas  such  as t h e  1 B types .  The l a c k  of 

sample p re t r ea tmen t ,  however, l e a d s  t o  appearance of huge "ghos t"  

peaks i n  s e v e r a l  chromatograms a f t e r  i n j e c t i o n s  of more complex 

samples,  such as formulas 1 F ,  samples of q u e s t i o n a b l e  p u r i t y  and 

o l d e r  samples. F o r  t h e s e  r easons ,  and a l s o  f o r  t h e  p o s s i b i l t y  of 

l o s i n g  the  a i t r e x  s i g n a l  i n  the  c l o s e l y  fo l lowing  s t r o n g  e t h a n o l  

peak, t h i s  a l t e r n a t i v e  procedure  cannot be recommended f o r  

r o u t i n e  use; it might prove u s e f u l  f o r  qu ick  and s imple  checks on 

occas ion ,  p a r t i c u l a r l y  f o r  Q u a s s i a  o r  SOA ana lyses  i n  t h e  absence 

of l a r g e  amounts of contaminants.  
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