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LIQUID CHROMATOGRAPHIC DETERMINATION 
OF PHENOLIC A C I D S  OF VEGETABLE O R I G I N  

Daryl  A. Roston and Pe te r  T. K i s s i n g e r  
Department o f  Chemistry 

Purdue U n i v e r s i t y  
West La faye t te ,  I nd iana  47907 

Th is  b r i e f  rev iew descr ibes  recen t  f i n d i n g s  on t h e  l i q u i d  

A ma jor  p o r t i o n  o f  t h e  
chromatographic de te rm ina t ion  o f  monocycl ic pheno l i c  ac ids  t h a t  
a re  endogenous t o  p l a n t  m a t e r i a l s .  
rev iew deals w i t h  t h e  separa t i on  o f  pheno l i c  a c i d  m ix tu res  by 
bonded phase chromatography. 
u l t r a v i o l e t  abso rp t i on  de tec t i on ,  and e lec t rochemica l  d e t e c t i o n  
are  a1 so considered. 

Sample p r e p a r a t i o n  techniques, 

INTRODUCTION 

Pheno l ic  ac ids  have been shown t o  be u b i q u i t o u s  i n  p l a n t  

ma te r i  a1 s (1  ) . 
o r i g i n  has generated i n t e r e s t  i n  d i v e r s e  branches o f  science. 

Because they  have been i m p l i c a t e d  as impor tan t  i n te rmed ia tes  
i n  secondary p l a n t  metabolism, pheno l i c  ac ids  a re  o f  i n t e r e s t  

t o  i n v e s t i g a t o r s  engaged i n  fundamental b iochemical  research  
(1 -3) .  

impor tan t  f a c t o r s  f o r  t h e  t a s t e ,  aroma, c o l o r ,  and s t a b i l i t y  
o f  many food m a t e r i a l s  ( 4 ) .  
ex tens i ve  i n v e s t i g a t i o n  i n  t h e  area o f  food sc ience.  

T h e i r  widespread presence i n  samples o f  vegetab le  

Pheno l ic  ac ids  have a l s o  been demonstrated t o  be 

Hence, they  are  t h e  s u b j e c t  o f  

Al though 
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76 ROSTON AND KISSINGER 

n o t  t h e  sub jec t  o f  t h i s  rev iew,  pheno l i c  ac ids  a re  a l s o  
encountered i n  t h e  metabolism o f  aromat ic amino ac ids  i n  animals. 

i s o l a t i o n  and i d e n t i f i c a t i o n  o f  pheno l i c  ac ids .  T r a d i t i o n a l  

approaches have i n v o l v e d  t h i n - l a y e r  chromatography and paper 
chromatography (5-6). More r e c e n t l y ,  gas chromatography w i t h  
pre-column d e r i v a t i z a t i o n  has been u t i l i z e d  (4,7-9). As w i t h  

many o t h e r  areas i n  need o f  improved a n a l y t i c a l  methodology, t h e  
1970’s w i  tnessed t h e  advent and i ncreas i  ng p o p u l a r i t y  of  1 i q u i  d 

chromatography f o r  t h e  separa t i on  and i d e n t i f i c a t i o n  o f  pheno l i c  
ac ids  i n  p l a n t  m a t e r i a l s  and r e l a t e d  ma t r i ces .  Th is  rev iew 

emphasizes t h r e e  major  areas: l i q u i d  chromatography c o n d i t i o n s ,  

d e t e c t i o n  schemes, and sample hand l i ng  p r i o r  t o  chromatography. 
The reviewed l i t e r a t u r e  has been l i m i t e d  t o  recen t  s t u d i e s  

concerned w i t h  compounds o f  C6-C1, C6-C2, and C6-C3 carbon 
ske le tons .  The b u l k  o f  t h e  l i t e r a t u r e  dea ls  w i t h  t h e  separa t i on  

and i d e n t i f i c a t i o n  o f  hydroxy and hydroxy-methoxy d e r i v a t i v e s  
o f  benzoic and cinnamic ac id .  S t ruc tu res  f o r  these compounds 

are  d e t a i l e d  i n  Table 1.  

Numerous a n a l y t i c a l  methods have been employed f o r  t h e  

LIQUID CHROMATOGRAPHY 

An abbrev ia ted  sumnary of t h e  l i q u i d  chromatographic methods 

and cond i t i ons  employed f o r  t h e  separa t i on  o f  pheno l i c  a c i d  
m ix tu res  i s  g i ven  i n  TableP. Several t ypes  o f  l i q u i d  chromato- 
graphy have been employed, i n c l u d i n g  l i q u i d - l i q u i d ,  c l a s s i c a l  

anion-exchange, and var ious  forms o f  bonded-phase chromatography. 

Bonded-phase chromatography (espec ia l  l y  reverse-phase) has 
enjoyed the  most ex tens i ve  use. 

L i q u i d - L i q u i d  and Anion-Exchange Chromatography 

A l l  o f  the  r e c e n t  a p p l i c a t i o n s  o f  l i q u i d  chromatography f o r  
t he  separa t i on  o f  pheno l i c  a c i d  m ix tu res  have employed bonded 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
1 

B
en

zo
ic

 a
nd

 C
in

na
m

ic
 A

ci
d 

D
e

ri
va

ti
ve

s 

C
O

O
H

 
0
 

-J c
 

0
 

H
 

r
 

m m G m 
4 

0
 TI z 

S
u

b
st

it
u

ti
o

n
 

T
ri

v
ia

l 
Na

m
e 

Su
bs

 t
i t

u
ti

 on
 

T
ri

v
ia

l 
Na

m
e 

2:
 

4 

2-
OH

 
3-

O
H 

4-
O

H 
2,

4-
di

 
-O

H 
2,

5-
di

 
-O

H 
2,

6-
di

 -
OH

 
3,

4-
di

 -
OH

 
3,

5-
di

-O
H

 
3,

4,
5-

tr
i-O

H
 

3,
5-

di
 -

O
CH

3,
4-

O
H 

3-
O

CH
3,

4-
O

H 

S
a

li
cy

li
c 

a
ci

d
 

2-
OH

 
o-

C
ou

m
ar

i c
 a

ci
d

 
m

-H
yd

ro
xy

be
nz

oi
 c

 a
ci

d
 

3-
O

H 
m

-C
ou

m
ar

i c
 a

ci
d

 
p-

H
yd

ro
xy

be
nz

oi
c 

a
ci

d
 

4-
O

H 
p-

C
ou

m
ar

i c
 a

ci
 d 

8-
R

es
or

cy
cl

 i
 c 

a
ci

d
 

3,
4-

di
 -

OH
 

C
a

ff
e

ic
 a

ci
d

 
G

e
n

ti
si

c 
a

ci
d

 
3-

O
CH

3,
4-

O
H 

F
e

ru
li

c 
a

ci
d

 
y-

R
es

or
cy

cl
 i

c
 a

ci
d

 
3,

5-
di

 -
OC

H3
 ,

4-
O

H 
S

in
ap

ic
 a

ci
d

 
P

ro
to

ca
te

ch
ui

 c 
a

ci
d

 
a-

R
es

or
cy

cl
ic

 a
ci

d
 

G
a

ll
ic

 a
ci

d
 

V
a

n
il

li
c 

a
ci

d
 

S
yr

in
g

ic
 a

ci
d

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL

E 
2 

L
iq

u
id

 C
hr

om
at

og
ra

ph
ic

 
S

tu
di

es
 

C
hr

om
at

og
ra

ph
ic

 
C

on
di

ti
on

s 
Co

m
po

un
ds

 S
tu

di
ed

 

S
ta

ti
on

ar
y 

Ph
as

e 
Is

o
cr

a
ti

 c 
G

ra
di

en
t 

P
he

no
lic

 A
ci

ds
 

F
la

vo
no

id
s 

N
at

ur
al

 
R

ef
er

en
ce

 
E

st
er

s 

s
il

ic
a

 g
el

 
s

il
ic

a
 g

el
 

a1
 k

yl
 -a

m
i n

e 

p
e

ll
ic

u
la

r 
an

io
n 

ex
ch

an
ge

 r
e

si
n

 

p
e

ll
ic

u
la

r 
an

io
n 

ex
ch

an
ge

 r
e

si
n

 
p

e
ll

ic
u

la
r 

an
io

n 
ex

ch
an

ge
 r

e
si

n
 

p
e

ll
ic

u
la

r 
an

io
n 

ex
ch

an
ge

 r
e

si
n

 
po

ly
ar

ni
 de

 

d
io

l 
a

lk
yl

 p
he

ny
l 

a
lk

yl
 p

he
ny

l 
,. 

X 

X X X X
 X 

X 

X
 

X X
 

X X 

X 

X 
10

 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



x x x x  x x  x 

x x  

x x x x x x  

x x  x x x  

x x  

x 

x x x  x 

x x x x x x x  x 

x x x 

x x x x  x x  x x  x 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



80 ROSTON AND KISSINGER 

phase systems (17-37).  P r i o r  t o  t h e  dominance o f  bonded-phase 

chromatography i n  t h e  l a t e  1970's, l i q u i d - l i q u i d ,  i o n - p a i r i n g ,  

and anion-exchange chromatography were used (10-16). 
these repo r t s  descr ibed t h e  use o f  a s i n g l e  chromatographic 
system f o r  a s p e c i f i c  a p p l i c a t i o n  ( 1 0 , l l  ,13-16) w i t h o u t  
i n f o r m a t i o n  on the  e f f e c t  o f  changes i n  t h e  two phases on t h e  
separa t i on  o f  i n t e r e s t .  Consequently, t hey  a re  o f  l i m i t e d  
u t i l i t y  i n  terms o f  t he  s e l e c t i o n  o f  chromatographic c o n d i t i o n s  

f o r  separa t ions  o f  o t h e r  m ix tu res  of  r e l a t e d  compounds. 

f o r  t h e  separa t i on  o f  pheno l i c  ac ids  u t i l i z e d  normal phase LC 
w i t h  s i l i c a  gel  as s t a t i o n a r y  phase ( 1 0 , l l ) .  
Parment ie r repor ted  t h e  use o f  a g r a d i e n t  mob i le  phase c o n s i s t i n g  
o f  ch lo ro fo rm,  hexane, and t e r t - b u t a n o l  f o r  t h e  separa t i on  o f  

cinnamic ac ids  and t h e i r  corresponding q u i n i c  a c i d  e s t e r s  (10 ) .  
Hovermann and co-workers employed a mob i l e  phase c o n s i s t i n g  o f  
methylene c h l o r i d e ,  e thano l  and water  f o r  t h e  separa t i on  o f  
c i s  and t r a n s  isomers o f  f e r u l i c  and p-coumaric ac id .  Several 
communications have employed anion-exchange chromatography (1  3-16). 
I n  each case the  s t a t i o n a r y  phase was a p e l l i c u l a r  an ion  exchange 
r e s i n .  Three o f  t h e  communications r e p o r t e d  t h e  use o f  i s o c r a t i c  

cond i t i ons  w i t h  t h e  aqueous mob i l e  phase b u f f e r e d  i n  t h e  
pH range 3.7 t o  4.7 (13-15). 
i n  t h e  f o u r t h  s tudy  (16) .  
t he  separa t i on  o f  m ix tu res  o f  c innamic,  benzoic,  and s u l f o n i c  
ac ids  w i t h  an i o n - p a i r  system c o n s i s t i n g  o f  aqueous ac ids  
s o l u t i o n s  as mob i le  phases and long-cha in  a l i p h a t i c  amines as 
s t a t i o n a r y  phases ( 1 2 ) .  
werethe l i q u i d - l i q u i d  d i s t r i b u t i o n  and i o n - p a i r  f o rma t ion .  
Systemat ic s tud ies  o f  t h e  e f f e c t  o f  t he  t ype  o f  amine,pH, and 
methanol con ten t  were repo r ted .  

I n  general  , 

Two o f  the  e a r l i e s t  a p p l i c a t i o n s  o f  l i q u i d  chromatography 

Nagels and 

A g r a d i e n t  mob i l e  phase was used 
Terweij-Groen and Kraak i n v e s t i g a t e d  

Impor tan t  parameters fo r  t h e  separa t i on  
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PHENOLIC ACIDS OF VEGETABLE ORIGIN 81 

Bonded-Phase Chromatography 

The use o f  bonded-phase chromatography c h a r a c t e r i z e s  much 
o f  t he  1 i t e r a t u r e  concerned w i t h  t h e  1 i q u i d  chromatographic 

separa t i on  o f  pheno l i c  ac ids .  Four aspects o f  bonded-phase 
chromatography impor tan t  t o  the  r e s o l u t i o n  o f  pheno l i c  a c i d  

m ix tu res  have been addressed by t h e  c u r r e n t  1 i t e r a t u r e :  
phase composi t ion,  bonded-phase ma te r i  a1 , s t r u c t u r e - r e t e n t i o n  
e f f e c t s ,  and t h e  chromatography o f  n a t u r a l l y  o c c u r r i n g  es te rs .  
A summary o f  t h e  repo r ted  f i n d i n g s  p e r t a i n i n g  t o  each area i s  

g i ven  below. 

bonded phase separa t i on  o f  pheno l i c  ac ids  have been m ix tu res  o f  

d i s t i l l e d  water,  an o rgan ic  so l ven t ,  and a weak o rgan ic  a c i d .  
The use o f  an e l e c t r o l y t e  as mob i le  phase m o d i f i e r  has a l s o  been 

f r e q u e n t l y  repo r ted .  
m o d i f i e r s  i nc luded  methanol (19,22,23,25-27,29,30,33,34,35), 
e thano l  (20,36), propanol (37),  bu tano l  (19,25,31,33), and 

a c e t o n i t r i l e  (21,24,32). Genera l l y ,  t h e  q u a n t i t y  o f  o rgan ic  
s o l v e n t  m o d i f i e r  employed was t a i l o r e d  t o  t h e  separa t i on  

addressed i n  each study. Weak o rgan ic  ac ids  used as mob i l e  phase 
m o d i f i e r s  i nc luded  a c e t i c  a c i d  (19-22,25,26,30-35,37), 

phosphor ic a c i d  (23,24,27,36), and c i t r i c  a c i d  (29).  
M o d i f i c a t i o n  o f  mob i le  phase compos i t ion  w i t h  o rgan ic  ac ids  

lowers t h e  pH o f  t h e  mob i le  phase and supresses i o n i z a t i o n  

o f  t h e  a c i d i c  f u n c t i o n a l  groups. I o n i z a t i o n  suppression a ided  
separa t ions  based on t h e  h y d r o p h o b i c i t i e s  o f  t h e  p h e n o l i c  ac ids .  
Several  s t u d i e s  repo r ted  t h e  use o f  e l e c t r o l y t e s  as mob i l e  phase 
m o d i f i e r s .  
and t e t r a b u t y l  ammonium phosphate (30)  were a l l  employed. I n  

each case t h e  e l e c t r o l y t e  was used i n  c o n j u n c t i o n  w i t h  o rgan ic  

s o l v e n t  and o rgan ic  a c i d  mob i l e  phase m o d i f i e r s .  The r o l e  o f  

mob i l e  

Mob i le  Phase Composit ion. Genera l l y ,  mob i le  phases f o r  t h e  

Organic so l ven ts  employed as mob i l e  phase 

Ammonium ace ta te  (19,25,33,37), sodium c h l o r i d e  (29 ) ,  
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8 2  ROSTON AND KISSINGER 

e l e c t r o l y t e  i n  t h e  separa t i on  has n o t  been we l l -de f i ned .  
i t  has been suggested t h a t  t h e  inc reased i o n i c  s t r e n g t h  enhances 

the  separa t ion  by decreasing i ntra-mol ecu l  a r  hydrogen bonding 

However, 

(25) * 
Systemat ic s t u d i e s  o f  t h e  e f f e c t  o f  parameters such as 

o rgan ic  mod i f i e r  con ten t  and pH on bonded phase separa t ions  have 

been r e p o r t e d  i n  severa l  communications (21,22,29). 
C2 a1 k y l  bonded phase, Grodzinska-Zachwei j a  and co-workers found 

l i n e a r  l o g  k’ - % a c e t o n i t r i l e  r e l a t i o n s h i p s  f o r  seven cinnamic 

a c i d  d e r i v a t i v e s  (21) .  The l i n e a r  decrease i n  l o g  k ’  values was 

observed when t h e  a c e t o n i t r i l e  con ten t  o f  t h e  aqueous mob i l e  
phase was increased from 5% t o  25% ( V / V ) .  
m i x t u r e  o f  t e n  compounds, i n c l u d i n g  n i n e  benzoic and cinnamic 

a c i d  d e r i v a t i v e s  , Wul f and Nagel examined changes i n  r e t e n t i  on 

induced when t h e  percentage o f  methanol i n  t h e  aqueous mob i l e  
phase was increased from 0% t o  20% (22) .  A C18 a l k y l  bonded 

phase was employed. They observed l i n e a r  l o g  k ’  - % methanol 

r e l a t i o n s h i p s  f o r  a l l  o f  t h e  s t u d i e d  compounds. I n  a d d i t i o n ,  
i t  was shown t h a t  t h e  l o g  k ’  - % methanol p l o t s  f o r  each c l a s s  
o f  pheno l i c  a c i d  (benzoic and cinnamic) r e s u l t e d  i n  a s e t  o f  

n e a r l y  p a r a l l e l  l i n e s .  Hence, f o r  a m i x t u r e  o f  pheno l i c  ac ids  o f  
a g i ven  class, r e l a t i v e  r e t e n t i o n  d i d  n o t  change as t h e  percentage 

o f  methanol increased. 

methanol p l o t s  was s teeper  f o r  cinnamic ac ids .  There fore ,  t h e  
s e l e c t i v i t y  f o r  a g iven benzoic ac id -c innamic  a c i d  p a i r  decreased 
as methanol con ten t  inc reased.  

A study o f  t h e  e f f e c t  o f  pH on t h e  r e t e n t i o n  o f  seve ra l  
benzoic and cinnamic a c i d  d e r i v a t i v e s  was conducted by P r i c e  

and co-workers (29).  
b u f f e r ,  they  v a r i e d  the  pH o f  t h e  aqueous mob i l e  phase from 3 t o  
6 and monitored t h e  r e t e n t i o n  change f o r  t h e  var ious  ac ids .  
The s t a t i o n a r y  phase was C18 m a t e r i a l .  
t ime - pH r e l a t i o n s h i p  was observed f o r  each ac id .  

Using a 

Working w i t h  a 

However, t h e  s lope  o f  t h e  l o g  k ’  - % 

Employing a cons tan t  i o n i c  s t r e n g t h  

A s igmoida l  r e t e n t i o n  
The inc rease  
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PHENOLIC ACIDS OF VEGETABLE ORIGIN 83 

i n  r e t e n t i o n  w i t h  decreasing pH appeared t o  l e v e l - o f f  a t  pH 3. 
I n  a d d i t i o n ,  t h e  pH- re ten t i on  r e l a t i o n s h i p s  i n d i c a t e d  t h a t  the 
pheno l i c  ac ids  had pKa values between 4 and 5 .  

r e t e n t i o n  i s  markedly dependent on pH i n  t h i s  reg ion .  

regards the  cho ice  o f  an i s o c r a t i c  o r  g r a d i e n t  system. 
I n f o r m a t i o n  t a b u l a t e d  i n  Table 2 i n d i c a t e s  t h a t  t h i r t e e n  o f  t h e  

s t u d i e s  employing bonded-phase systems employed i s o c r a t i c  
c o n d i t i o n s  w h i l e  n ine  used g rad ien ts .  
cho ice  was apparen t l y  p red ica ted  on t h e  range o f  h y d r o p h o b i c i t i e s  
e x h i b i t e d  by t h e  compounds present  i n  t h e  s t u d i e d  m ix tu re .  
F lavono id  compounds (C6 - C 3  - C6 carbon ske le ton )  a r e o f t e n  found 
i n  the  same mat r i ces  as s i n g l e - r i n g  pheno l i c  ac ids .  Consequently 

many o f  t h e  communications t h a t  have d e a l t  w i t h  t h e  bonded-phase 
separa t i on  of  m ix tu res  of  pheno l i c  ac ids  have a l s o  cons idered 

f l a v o n o i d  compounds (20,22,23,30,32,33,36). 

t h e  inc reased hyd rophob ic i t y  o f  t h e  l a r g e r  f l a v o n o i d  molecules 
necess i ta tes  t h e  use o f  g rad ien ts  i f  they  a re  t o  be determined 
s imu l taneous ly  w i t h  s i n g l e - r i n g  pheno l i c  ac ids .  A l l  o f  t h e  

s t u d i e s  t h a t  r e p o r t e d  p r a c t i c a l  separa t ions  o f m i x t u r e s  o f p h e n o l i c  
ac ids  and f l a v o n o i d  compounds employed g r a d i e n t  mob i l e  phases 
(23,30,33,36). 

d i f f e r e n t  c o n d i t i o n s  t o  o p t i m i z e  separa t ions  o f  p h e n o l i c  a c i d s  
and f l a v o n o i d  compounds i n  separa te  exper iments (20,22,32). 

been u t i l i z e d  f o r  t h e  separa t i on  o f  pheno l i c  a c i d  m ix tu res :  
d i o l  (18) ,  polyamide (171, a l k y l  phenyl  (19,20), C2 (21 ) ,  
C8 (18) ,  and C18 (19,22-37). C18 has been t h e  most popu la r  

m a t e r i a l ,  however, s u b s t a n t i a l  evidence i n  suppor t  o f  i t s  

widespread use has n o t  been repo r ted .  
c o n t a i n  adequate comparisons o f  t h e  performance o f  va r ious  
m a t e r i a l s .  Only one such s tudy  was repo r ted .  S c r i v i n ,  Day, 

and W i l l i s  compared the  separa t i on  o f  e i g h t  benzoic a c i d  

Hence, 

An impor tan t  d e c i s i o n  concerning mob i le  phase compos i t ion  

The i s o c r a t i c - g r a d i e n t  

I t  i s  e v i d e n t  t h a t  

Three comnunications r e p o r t e d  t h e  use o f  

Bonded-Phase Mate r i  a1 s . S i x  bonded phase m a t e r i a l s  have 

The l i t e r a t u r e  does n o t  
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84 ROSTON AND KISSINGER 

d e r i v a t i v e s  on a l ky l -pheny l  and C18 bonded phase columns (19 ) .  
A 5% a c e t i c  a c i d  aqueous mob i l e  phase was employed. 
shown i n  Table 3 i n d i c a t e  t h a t  b e t t e r  separa t i on  was observed 

w i t h  t h e  a l k y l  phenyl column. 
can be a t t r i b u t e d  t o  t h e i r  widespread commercial ava i  1 i b i  1 i t y  

and use i n  o t h e r  a p p l i c a t i o n s  o f  l i q u i d  chromatography. 
Representa t ive  r e t e n t i o n  data f rom s t u d i e s  employing C18 

m a t e r i a l s  i s  t a b u l a t e d  i n  Table 4. 

The r e s u l t s  

The p o p u l a r i t y  o f  C18 m a t e r i a l s  

S t ruc tu re -Re ten t ion  E f f e c t s .  A l i m i t e d  amount o f  

i n f o r m a t i o n  i s  a v a i l a b l e  concerning t h e e f f e c t  o f  pheno l i c  a c i d  
s t r u c t u r e  on r e t e n t i o n .  Because i t  i s  cons idered t o  be t h e  

determinant f a c t o r  i n  reverse-phase chromatography, a l l  o f  t he  
r e  t e n  t i  on-s t r u c  t u r e  re1  a t  i onshi  ps have been i n t e r p r e t e d  i n terms 

o f  hyd rophob ic i t i es .  R e t e n t i o n - s t r u c t u r e  e f f e c t s  f o r  pheno l i c  
ac ids  have been a t t r i b u t e d  t o  t h r e e  fea tu res  o f  t h e  p h e n o l i c  

a c i d  s t r u c t u r e ,  t h e  a c i d i c  s i d e  cha in ,  t h e  na tu re  o f  t h e  r i n g  
subs t i t uen ts ,  and the  p o s i t i o n ( s )  o f  t h e  r i n g  s u b s t i t u e n t ( s )  
on t h e  aromat ic mo ie ty .  

f a c t o r  i s  c i s - t r a n s  i somer i za t i on .  

on r e t e n t i o n  were r e p o r t e d  i n  two communications (22,25). 

an i s o c r a t i c  - system, Wulf and Nagel c a l c u l a t e d  t h e  r e l a t i v e  
r e t e n t i o n  (a = k2/kl) f o r  p a i r s  o f  c innamic and benzoic a c i d  

d e r i v a t i v e s  t h a t  had t h e  same r i n g  s u b s t i t u e n t s  and r i n g  
s u b s t i  t u e n t  p o s i t i o n s  (22 ) .  Reported a values were as f o l  lows : 
c a f f e i c  a c i d  - p ro toca techu ic  a c i d ,  4.45; p-coumaric ac id -p-  
hydroxy benzoic a c i d ,  4.24; and o-coumaric a c i d - s a l i c y l i c  ac id ,  

1.98. As expected, t he  c innamic a c i d  d e r i v a t i v e s  were more 

s t r o n g l y  re ta ined .  Murphy and S t u t t e  observed s i m i l a r  r e s u l t s  
w i t h  a C18-gradient system (25 ) .  

Ring s u b s t i t u e n t - r e t e n t i o n  r e l a t i o n s h i p s  f o r  bonded phase 

chromatography are  i l l u s t r a t e d  by the  r e t e n t i o n  da ta  t a b u l a t e d  

For t h e  c innamic ac ids ,  an a d d i t i o n a l  

F ind ings  i l l u s t r a t i n g  t h e  e f f e c t  o f  t h e  a c i d i c  s i d e  cha in  

Using 
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i n  Table 4B. 
has a s i g n i f i c a n t l y  l onger  r e t e n t i o n  t ime than p ro toca techu ic  
a c i d  ( 3,4-di hydroxybenzoi c a c i d )  . The methoxy group o f  vani  11 i c 
a c i d  inc reased t h e  compound's r e t e n t i o n  r e l a t i v e  t o  

p ro toca techu ic  ac id .  G a l l i c  a c i d  (2,4,5-trihydroxybenzoic a c i d )  
i s  r e t a i n e d  l e s s  than g e n t i s i c  a c i d  (2,5-dihydroxybenzoic 

An a d d i t i o n a l  hydroxy group on t h e  g a l l i c  a c i d  mo ie ty  decreased 

i t s  r e t e n t i o n  r e l a t i v e  t o  gent s i c  ac id .  I n  genera l ,  hydroxy 
groups render a molecule more p o l a r  and decrease r e t e n t i o n  w h i l e  

methoxy groups s u b s t a n t i a l l y  ncrease hyd rophob ic i t y  and increase 
r e t e n t i o n .  

The s u b s t i t u e n t  p o s i t i o n - r e t e n t i o n  r e l a t i o n s h i p  has been 

e labo ra ted  by s t u d i e s  r e p o r t i n g  t h e  separa t i on  o f  va r ious  m ix tu res  

o f  o r tho ,  nieta, and para isomers o f  hydroxy-benzoic a c i d  (22,25), 
hydroxy-c i  nnami c a c i d  (coumari c a c i d )  (22,26) , and hydroxyphenyl - 
a c e t i c  a c i d  ( 3 5 ) .  

study. 
t he  o r t h o  isomers e l u t i n g  l a s t .  The e l u t i o n  o r d e r  suggests t h a t  

the  p r o x i m i t y  o f  t h e  hydroxy s u b s t i  t u e n t  and t h e  c a r b o x y l i c  

a c i d  group i n  t h e  o r t h o  isomer decreases t h e  s o l v a t i o n  o f  t h e  
molecule and increases  r e t e n t i o n .  

A more s u b t l e  s t r u c t u r a l  f e a t u r e  t h a t  a f f e c t s  r e t e n t i o n  i s  

t he  c i s - t r a n s  i s o m e r i z a t i o n  o f  t h e  c innamic a c i d  d e r i v a t i v e s .  

F igu re  1 dep ic t s  t h e  c i s  and t r a n s  isomers o f  c innamic ac id .  
Two communi ca t i ons  have r e p o r t e d  t h e  s e p a r a t i  on o f  c i s  and 
t rans  isomers with reverse-phase chromatography systems (26,31) . 
Caccamese and co-workers i n d i c a t e d  t h a t  t h e  c i s  isomers of 

f e r u l i c  and s i n a p i c  ac ids  were r e t a i n e d  longer  than t h e  
t rans  isomers (26) .  On the  o t h e r  hand, H a r t l e y  and Buchan 

repo r ted  t h a t  t h e  t r a n s  isomers o f  p-coumari c, f e r u l  i c, c a f f e i  c , 
and s i n a p i c  a c i d  e l u t e d  a f t e r  t h e  c i s  isomers (31). C,8 
s t a t i o n a r y  phases were used i n  each case. The fo rmer  s tudy  

u t i l i z e d  a wa te r -ace t i c  acid-methanol m i x t u r e  as mob i l e  phase, 

V a n i l l i c  a c i d  (4-hydroxy-3-methoxybenzoic a c i d )  

a c i d ) .  

C18 s t a t i o n a r y  phases were employed i n  each 
A para-meta-ortho e l u t i o n  sequence was observed, w i t h  
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P C O O H  

C O O H  

d JooH 
FIGURE 1. c i s  and t r a n s  Isomers o f  Cinnamic Ac id  

w h i l e  the  l a t t e r  employed a m i x t u r e  of  water,  a c e t i c  a c i d ,  and 

bu tano l .  

chromatography o f  n a t u r a l  l y  o c c u r r i n g  p h e n o l i c  a c i d  e s t e r s  

a re  impor tan t  because they  extend t h e  a n a l y t i c a l  c a p a b i l i t i e s  
o f  t h e  l i q u i d  chromatographic approach. 

has centered  on the  e s t e r s  o f  benzoic o r  c innamic a c i d  
d e r i v a t i v e s  w i th  q u i n i c  ac id ,  t a r t a r i c  ac id ,  o r  g lucose. 

S t ruc tu res  o f  t h e  l a t t e r  t h r e e  compounds a re  shown i n  F igure  2. 

The e s t e r  l i nkages  a re  cons idered t o  c o n s i s t  o f  t h e  pheno l i c  
c a r b o x y l i c  a c i d  group bonded t o  one o f  t h e  hydroxy oxygens o f  

glucose, q u i n i c  ac id ,  o r  t a r t a r i c  ac id .  

and c a f f e i c  a c i d ,  termed t h e  ch lo rogen ic  acids, have been t h e  most 
thorough ly  s t u d i e d  n a t u r a l l y  o c c u r r i n g  es te rs .  

i s  dep ic ted  i n  F igu re  3. The te rm ch lo rogen ic  a c i d  u s u a l l y  

r e f e r s  t o  the  compound w i t h  t h e  e s t e r  l i n k a g e  a t  t h e  3-hydroxy 
group o f  q u i n i c  ac id .  Isomers o f  ch lo rogen ic  a c i d  w i t h  e s t e r  
l i nkages  a t  t h e  1 , 4 ,  and 5-hydroxy groups of q u i n i c  a c i d  have 
a l s o  been i n v e s t i g a t e d .  
e s t e r  i s  f r e q u e n t l y  termed neoch lorogen ic  a c i d  ( 1 ) .  
more than one c a f f e i c  a c i d  mo lecu le  pe r  q u i n i c  a c i d  mo ie ty  a re  

u s u a l l y  r e f e r r e d  t o  as i soch lo rogen ic  a c i d  ( 2 7 ) .  

N a t u r a l l y  Occur r ing  Es te rs .  F ind ings  concern ing  t h e  

Most o f  t h e  work 

Es te rs  o f  q u i n i c  a c i d  

Ch lorogen ic  a c i d  

The 5-hydroxy q u i n i c  a c i d - c a f f e i c  a c i d  

Es ters  w i t h  
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A B 

HO ' OH 

COOH 
HO-$ 

y-0 H 
C O O H  

FIGURE 2. 
Pheno l ic  Acids:  ( A )  Q u i n i c  ac id ,  (9) Glucose, ( C )  T a r t a r i c  
a c i d  

Compounds Found as N a t u r a l l y  Occur r i ng  Es te rs  w i t h  

HO 

"4 

H O O  \ /  ,CH=CH-CO 0 

FIGURE 3. Chlorogenic Ac id  

The most ex tens i ve  work on t h e  l i q u i d  chromatographic 

separa t i on  o f  n a t u r a l  pheno l i c  a c i d  e s t e r s  has been completed 

by Nagels and co-workers (18) .  Using syn thes ized e s t e r s ,  t hey  
s tud ied  mix tu res  o f  pheno l i c  ac ids ,  g lucose-pheno l ic  a c i d  es te rs ,  
and q u i n i c  ac id -pheno l i c  a c i d  e s t e r s  w i th  C8 and d i o l  bonded- 

phase systems. 

an eleven component m ix tu re  c o n t a i n i n g  t h e  q u i n i c  a c i d  and 
g l  ucose e s t e r s  o f  c a f f e i c  a c i d ,  p-coumari c a c i d  , and f e r u l  i c a c i d  
Glucose e s t e r  l i nkages  were a t  t he  1-hydroxy group. For t h e  

Employing a C8-gradient system, they  separated 
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PHENOLIC A C I D S  OF VEGETABLE O R I G I N  91 

q u i n i c  a c i d  e s t e r s ,  t h e  l i nkages  were a t  t h e  5-hydroxy group. 

When t h e  pheno l i c  a c i d  was p resen t  i n  b o t h  forms, t h e  glucose 

e s t e r  e l u t e d  p r i o r  t o  t h e  q u i n i c  a c i d  e s t e r .  
were n o t  p resen t  i n  the  m ix tu re .  The separa t i on  o f  a m i x t u r e  

c o n t a i n i n g  1,3,4, and 5-hydroxy e s t e r s  o f  q u i n i c  a c i d  and 

c a f f e i c  a c i d  ( ch lo rogen ic  a c i d  isomers) w i th  s i m i l a r  (+-gradient 
c o n d i t i o n s  were a l s o  repo r ted .  A normal phase system comprised 

o f  a d i o l  bonded phase and a g r a d i e n t  mob i l e  phase was shown t o  

r e s o l v e  a f i f t e e n  component m i x t u r e  which i nc luded  cinnamic 

ac ids  , benzoic ac ids ,  and f o u r  pheno l i c  ac id -g lucose e s t e r s .  

The m i x t u r e  conta ined two u n e s t e r i f i e d  ac id -g lucose e s t e r  p a i r s .  

I n  each case, t h e  glucose d e r i v a t i v e  was r e t a i n e d  l o n g e r  than 
t h e  u n e s t e r i f i e d  ac id .  The same system was used t o  r e s o l v e  f i v e  

pheno l i c  a c i d - q u i n i c  a c i d  e s t e r s .  
q u i n i c  a c i d  e s t e r s  observed w i t h  t h e  d i o l  bonded phase was 

i n v e r t e d  r e l a t i v e  t o  t h e  e l u t i o n  o rde r  observed w i t h  t h e  C8 

s t a t i o n a r y  phase. A m i x t u r e  o f  5,4, and 3-hydroxy q u i n i c  a c i d -  

c a f f e i c  a c i d  e s t e r s  was a l s o  separated w i t h  t h e  d i o l - g r a d i e n t  

system. Again, e l u t i o n  orderwas i n v e r t e d  r e l a t i v e  t o  t h e  
sequence observed w i t h  t h e  C8 s t a t i o n a r y  phase ( c l a s s i c a l  
"normal 'I vs " reverse"  phase behav io r ) .  

U n e s t e r i f i e d  a c i d s  

The e l u t i o n  o r d e r  o f  t h e  

A d d i t i o n a l  f i n d i n g s  concerning t h e  l i q u i d  chromatographic 

separa t i on  o f  n a t u r a l l y  o c c u r r i n g  e s t e r s  were r e p o r t e d  by  Ong 
and Nagel (24) .  Using a C18-gradient system they  separa ted  

f i v e  compounds t h a t  had been e x t r a c t e d  f rom grape j u i c e  and 
were subsequent ly i d e n t i f i e d  as e s t e r s  o f  c innamic a c i d  
d e r i  v a t i  ves . Three o f  t h e  i s o l a t e d  compounds were phenol i c 
a c i d - t a r t a r i c  a c i d  es te rs .  The o t h e r  two, termed " t r i - e s t e r s "  
were found t o  be e s t e r s  o f  t a r t a r i c  a c i d ,  a p h e n o l i c  ac id ,  

and glucose. The " t r i - e s t e r "  o f  each cinnamic a c i d  d e r i v a t i v e  

e l u t e d  j u s t  p r i o r  t o  i t s  t a r t a r i c  a c i d  e s t e r .  U n e s t e r i f i e d  

c a f f e i c  a c i d  had longer  r e t e n t i o n  than any o f  t h e  i d e n t i f i e d  
n a t u r a l  e s t e r s .  The na tu re  o f  t h e  " t r i - e s t e r "  l i n k a g e s  were 
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92 ROSTON AND KISSINGER 

n o t  e luc ida ted ,  however, i t  was found t h a t  t h e i r  r e t e n t i o n  was 
markedly dependent on a mob i l e  phase pH change f rom 2.3 t o  3.4. 
An i d e n t i c a l  pH- re ten t i on  dependence was observed f o r  t h e  

pheno l i c  a c i d - t a r t a r i c  a c i d  e s t e r s .  
pH dependence i n  t h e  2.3 t o  3.4 range was probab ly  due t o  t h e  
i o n i z a t i o n  o f  t h e  t a r t a r i c  a c i d  c a r b o x y l i c  a c i d  groups,suggesting 

t h a t  a t  l e a s t  one o f  t h e  c a r b o x y l i c  a c i d  groups o f  t a r t a r i c  a c i d  
was n o t  bound i n  the  " t r i - e s t e r . "  

It was suggested t h a t  t h e  

An a d d i t i o n a l  comriiunication r e p o r t e d  t h e  separa t i on  of  a 

m ix tu re  o f  ch lo rogen ic  ac ids  isomers t h a t  had been i s o l a t e d  from 

sweet po ta toes .  
co-workers observed t h a t  t he  i soch lo rogen ic  a c i d  isomers were 

r e t a i n e d  longer  than 3 and 4-hydroxy q u i n i c  a c i d - c a f f e i c  a c i d  
e s t e r s  (27) .  

Using a C,8- isocra t ic  system Wal te r  and 

DETECTION 

U1 t r a v i o l e t  abso rp t i on  has been t h e  most popu la r  d e t e c t i o n  

mode f o r  t he  l i q u i d  chromatographic de te rm ina t ion  o f  pheno l i c  

ac ids .  Wavelengths u t i l i z e d  i n c l u d e  (nm's ) :  235 (12 ) ,  254 (12, 

16,19,20,22,25,29,30,32,33,35,36), 270 ( l l ) ,  275 (31 ) ,  280 (10, 

16,18,22,30), 290 (34),  303 (13),  313 (27 ) ,  320 (21,24), 350 (23), 

and 360 (36) .  Minimal i n f o r m a t i o n  p e r t a i n i n g  t o  optimum 
wavelength s e l e c t i o n  has been repor ted ,  however, t h e  u l t r a v i o l e t  
s p e c t r a l  p r o p e r t i e s  o f  benzoic and cinnamic a c i d  d e r i v a t i v e s  

have been descr ibed (1 ) .  
employed e lec t rochemica l  d e t e c t i o n  (14,15,17,37) , however, 1 i q u i  d 
chromatography w i t h  e lec t rochemica l  d e t e c t i o n  (LCEC) possesses 

severa l  c h a r a c t e r i s t i c s  which render  i t  i d e a l  f o r  pheno l i c  

a c i d  de terminat ions .  Among t h e  most impor tan t  f a c t o r s  a re  good 
s e l e c t i v i t y ,  f a v o r i n g  e a s i l y  o x i d i z e d  phenols, and s u p e r i o r  detec- 

t i o n  l i m i t s  ( o f t e n  a hundredfo ld  lower  than f o r  UV abso rp t i on ) .  

A l i m i t e d  number o f  s t u d i e s  have 
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Elec t rochemica l  d e t e c t i o n  can be understood by  c o n s i d e r i n g  
t h e  hydrodynamic vo l  tammogram ( d e t e c t o r  p o t e n t i a l  - c u r r e n t  p l o t )  
shown i n  F igu re  4. As t h e  d e t e c t o r  p o t e n t i a l  i s  i nc reased  i n  
t h e  p o s i t i v e  d i r e c t i o n  t h e  o x i d a t i o n  o f  e l e c t r o a c t i v e  e l u a n t  A 
commences. A t  a s u f f i c i e n t l y  p o s i t i v e  p o t e n t i a l  t h e  c u r r e n t  
response becomes independent o f  t h e  d e t e c t o r  p o t e n t i a l ,  
i n d i c a t i n g  t h a t  t h e  c u r r e n t  i s  l i m i t e d  by t h e  mass t r a n s p o r t  

o f  t h e  e l e c t r o a c t i v e  species t o  t h e  e l e c t r o d e  su r face .  
p o t e n t i a l  where t h e  c u r r e n t  response i s  one -ha l f  o f  i t s  
d i f f u s i o n  l i m i t e d  va lue  i s  termed t h e  El,*. For t h e  e l e c t r o -  
chemical d e t e c t i o n  o f  compound A, t h e  d e t e c t o r  p o t e n t i a l  i s  
po ised a t  o r  near  t h e  p o t e n t i a l  where t h e  c u r r e n t  response i s  
d i f f u s i o n  l i m i t e d .  A d e t e c t o r  response r e s u l t s  when t h e  
chromatographic zone o f  compound A passes th rough t h e  de tec to r ,  
p roduc ing  an instantaneous exchange o f  e l e c t r o n s  due t o  t h e  

o x i d a t i o n  o f  A molecules.  The magnitude o f  t h e  recorded 
amperometric response i s  p r o p o r t i o n a l  t o  t h e  number o f  molecules 

The 

I 

FIGURE 4. Hydrodynamic Vol tammogram f o r  O x i d i z a b l e  Ana ly te  ( A ) .  
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94 ROSTON AND KISSINGER 

e l u t i n g  over the  de tec to r -e lec t rode .  
d e s c r i p t i o n  o f  t h e  p r i n c i p l e s  o f  e lec t rochemica l  d e t e c t i o n  a re  

g iven e l  sewhere (38) . 
An impor tan t  advantage o f  LCEC i s  t h e  low d e t e c t i o n  l i m i t s  

achieved f o r  many de terminat ions .  T y p i c a l  d e t e c t i o n  l i m i t s  a re  

i n  t h e  picomole range (38).  
experiments i s  achieved w i t h  de tec to rs  o f  t h e  des ign  shown i n  
F igu re  5. 
sandwiched between two b locks  o f  Kel-F. The work ing  e l e c t r o d e  

i s  p o s i t i o n e d  i n  the  lower  b lock .  T y p i c a l  e l e c t r o d e  m a t e r i a l s  

a re  g lassy  carbon and carbon pas te  (38) .  

e lec t rodes  necessary f o r  implement ing p o t e n t i a l  c o n t r o l  a re  a l s o  

A more ex tens i ve  

The marked s e n s i t i v i t y  o f  LCEC 

The d e t e c t o r  housing cons is t s  o f  a t h i n  t e f l o n  gasket 

Reference and a u x i l i a r y  

n 

FIGURE 5. Thin-Layer Amperometric De tec to r  C e l l .  
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PHENOLIC ACIDS OF VEGETABLE ORIGIN 95 

housed i n  the de tec to r  assembly. 
detector  c e l l  and inst rumentat ion requirements has been repor ted 

elsewhere (39). 
de tec t i on  i s  t h a t  i t  i s  n o t  compatible w i t h  a l l  types o f  
chromatography. 
o f  e l e c t r o l y t e  i n  the mobi le phase. 

A d e t a i l e d  d e s c r i p t i o n  o f  the 

An important cons iderat ion f o r  e lectrochemical  

Amperometri c de tec t i on  requires the presence 
Most LCEC experiments are 

performed w i t h  b u f f e r  s a l t  concentrat ions 
electrochemical  de tec t i on  i s  most compatib 
chromatography (i n c l  udi  ng ion-pai  r i  ng and 
electrochemical  de tec t i on  i s  no t  p r a c t i c a l  
chromatography because o f  t he  low d i e l e c t r  
mobi le phases employed. 

f 20.05 M. Therefore, 

e w i t h  reverse-phase 
on-exchange) . D i r e c t  
w i t h  normal phase 
c constants o f  the 

Most phenol ic  acids are e l e c t r o a c t i v e  and can be determined 

by o x i d a t i v e  LCEC. Electrochemi ca7 ox ida t i ons  o f  phenols can be 
q u i t e  complex. The ox ida t i on  mechanism i s  dependent on several  

f a c t o r s  i n c l u d i n g  so lvent  composition, pH, e lec t rode  p o t e n t i a l  , 
and phenol s t ruc tu re .  
e lectrochemical  o x i d a t i o n  o f  phenols has n o t  been p u t  fourth,  
however, evidence po in ts  t o  the  ex is tence o f  two pr imary 
ox ida t i on  products:  a phenoxy c a t i o n  and a phenoxy r a d i c a l .  

E i t h e r  product can reac t  t o  form secondary products t h a t  are 
a1 so e l  e c t r o a c t i  ve. 

For LCEC determinat ions,  the most impor tant  cons iderat ion i s  t h e  

de tec to r  p o t e n t i a l  requi red f o r  t he  o x i d a t i o n  o f  t h e  phenol ic  
ac id (s )  o f  i n t e r e s t .  1 /2  
repor ted (40). 

a f f e c t  the s e l e c t i v i t y  and de tec t i on  l i m i t s  o f  t he  assay. 
When more extreme detector  p o t e n t i a l s  a re  employed, more 
compounds are ox id ized,  resu l  t i  ng i n  more compl ex chroma tograms. 
I n  add i t i on ,  as t h e  detector  p o t e n t i a l  i s  increased, the  
background cu r ren t  and noise are increased, r a i s i n g  the  de tec t i on  
l i m i t s .  

A general, complete mechanism f o r  t h e  

A wide range o f  E values has been 

The ease o f  o x i d a t i o n  o f  the phenol ic  a c i d  w i l l  

I n  general, t he  ease o f  o x i d a t i o n  o f  a phenol ic  a c i d  
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96 ROSTON AND KISSINGER 

can be p r e d i c t e d  f rom t h e  r i n g  s u b s t i t u t i o n .  

donat ing  e l e c t r o n  d e n s i t y  i nc rease  t h e  ease o f  o x i d a t i o n  w h i l e  
e l e c t r o n  w i thdrawing  groups have t h e  oppos i te  e f f e c t .  Hence, 
d i -  and t r i - h y d r o x y  s u b s t i t u t e d  phenols a r e  e a s i e r  t o  o x i d i z e  

than mono phenols. 
p o t e n t i a l s  f o r  hydroxy and methoxy s u b s t i t u t e d  pheno l i c  ac ids .  

Groups capable of 

F igure  6 dep ic t s  t h e  r e l a t i v e  o x i d a t i o n  

APPLICATIONS AND SAMPLE PREPARATION 

Table 5 p rov ides  an overview o f  t h e  use o f  l i q u i d  
chromatography f o r  t h e  de te rm ina t ion  o f  pheno l i c  ac ids  i n  a 

v a r i e t y  o f  samples. L i s t e d  i n  Table 5 a r e  t h e  i n v e s t i g a t e d  
m a t e r i a l s  and i d e n t i f i e d  pheno l i c  a c i d  c o n s t i t u e n t s  r e p o r t e d  
i n  severa l  s t u d i e s .  P l a n t  mater ia ls ,  food, and beverages of 

vegetable o r i g i n  dominate t h e  l i s t  o f  s t u d i e d  samples. 
c r i t i c a l  aspect o f  t h e  a n a l y s i s  o f  " r e a l "  samples i s  t h e  a l l i e d  
p repara t i on  procedure. 

repo r ted  as sample p r e p a r a t i o n  p r i o r  t o  t h e  l i q u i d  chromato- 

g raph ic  separa t i on  o f  e x t r a c t e d  sample components. 
case, t h e  p repara t i on  procedure was t a i l o r e d  t o  t h e  i n v e s t i g a t i o n  

a t  hand. 
ac ids  u s u a l l y  c o n s i s t s  o f  severa l  steps which can be c l a s s i f i e d  
i n t o  one o f  t h r e e  ca tegor ies :  

clean-up, and h y d r o l y s i s .  

A 

A d i v e r s i t y  o f  procedures have been 

I n  each 

Sample p repara t i on  f o r  t h e  de te rm ina t ion  of pheno l i c  

homogenization, p r e l i m i n a r y  
Impor tan t  aspects o f  sample 

FIGURE 6. 
o f  Pheno l ic  Acids.  

E f f e c t  o f  Ring S u b s t i t u t i o n  on t h e  O x i d a t i o n  P o t e n t i a l s  
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PHENOLIC ACIDS OF VEGETABLE ORIGIN 97 

TABLE 5 

LC Applications f o r  the Determination of Phenolic Acids 

Sample Compounds Ident i f ied  Reference 
~~ ~ 

cacao beans 

beer, wine 

sunflower meal 

tobacco leaf  t i s sue  

soybean leaf  t i s sue  

Vani l l ic  acid 15 
Protocatechuic acid 
Ferul ic  acid 
2-Hydroxyphenylacetic acid 
p-Coumaric acid 
Caffeic acid 

Vani l l ic  acid 
Ferul ic  acid 
p-Coumaric acid 
Caffeic acid 
Gal l ic  acid 

16 

Chlorogenic acid 1 7  

Neochlorogenic acid 23 
Chlorogenic acid 
4-0-Caffeoylquinic acid 
Caffeic  ac id  

Gal l ic  acid 25 
Protocatechuic acid 
p-Hydroxybenzoic acid 
Sa l i cy l i c  acid 
Vani l l ic  acid 
Caffeic acid 
p-Coumaric acid 
Ferul ic  acid 
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98 ROSTON AND KISSINGER 

prepara t i on  f o r  t h e  l i q u i d  chromatographic de te rm ina t ion  o f  
pheno l i c  ac ids  a re  discussed below. 

P r e l i m i n a r y  c lean-up cons is ted  o f  
a s e r i e s  o f  e x t r a c t i o n s .  Two e x t r a c t i o n  schemes a re  g e n e r a l l y  
employed. 
sub jec ted  t o  an ex tens i ve  e x t r a c t i o n  w i t h  a r e l a t i v e l y  p o l a r  
o rgan ic  s o l v e n t  such as ch lo ro fo rm (15) o r  pe t ro leum e t h e r  
(17,23) t o  remove l i p i d  m a t e r i a l s  and o t h e r  n e u t r a l  compounds 

p r i o r  t o  t h e  a n a l y t i c a l  e x t r a c t i o n .  
e x t r a c t i o n  , t h e  a n a l y t i c a l  e x t r a c t i o n  was performed on t h e  

"de - fa t ted "  sample w i t h  o rgan ic  so l ven ts  such as e thano l  (17) , 
e t h y l a c e t a t e  (15) , and 80% aqueous methanol (23) .  The second 
scheme invo lves  t h e  performance o f  a p r e l i m i n a r y  l i q u i d - s o l i d  
e x t r a c t i o n  on the  sample fo l l owed  by a d d i t i o n a l  l i q u i d - l i q u i d  
e x t r a c t i o n s  on t h e  o r i g i n a l  e x t r a c t .  So lvents  employed f o r  
i n i t i a l  l i q u i d - s o l i d  e x t r a c t i o n s  were 2% a c e t i c  a c i d  i n  
b o i l i n g  water (25) , ethanol  (27,34), d i l u t e  sodium hydrox ide  
(31) ,  and 2M HC1 (32).  
p r e l i m i n a r y  l i q u i d - s o l  i d  e x t r a c t i o n  w i t h  subsequent c lean-up 
by p repara t i ve  l i q u i d  chromatography (102'4).  

and a polyamide m a t e r i a l  (24) were u t i l i z e d  as p r e p a r a t i v e  
s t a t i o n a r y  phases. 

m ina t i on  o f  pheno l i c  ac ids  w i t h  l i q u i d  chromatography i s  a c i d  
o r  base h y d r o l y s i s .  
l i nkages  o f  pheno l i c  ac ids  bound i n  n a t u r a l l y  o c c u r r i n g  e s t e r s .  

Therefore,  concent ra t ions  determined a f t e r  t h e  use o f  h y d r o l y s i s  
c o n d i t i o n s  are  r e p r e s e n t a t i v e  o f  bound and unbound p h e n o l i c  a c i d  

conten t .  
e x t r a c t e d  m a t e r i a l s  t o  e leva ted  temperatures a t  h i g h  o r  low pH. 
More e x p l i c i t  d e s c r i p t i o n s  o f  h y d r o l y s i s  c o n d i t i o n s  f o r  t h e  
de te rm ina t ion  o f  pheno l i c  ac ids  have been pub l i shed  elsewhere 

P re l im ina ry  Clean-up. 

I n  severa l  s tud ies ,  t h e  homogenized sample was 

A f t e r  t h e  c lean-up 

A r e l a t e d  approach cons is ted  o f  a 

S i l i c a  ge l  ( l o ) ,  

Hyd ro l ys i s .  An impor tan t  p r e p a r a t i v e  s tep  f o r  t h e  de te r -  

Hydro l ys i s  serves t o  c leave t h e  e s t e r  

Hydro l ys i s  i s  u s u a l l y  achieved by s u b j e c t i n g  t h e  
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(41).  Four o f  the reviewed communications repor ted the use of 
hyd ro l ys i s  condi t ions f o r  phenol ic  a c i d  determinat ions (24,25 , 
31,32). 

employed t o  a f f e c t  p re l im ina ry  e x t r a c t i o n s  o f  phenol ic  ac ids 
from p l a n t  ma te r ia l s  (31,321. 
hyd ro l ys i s  was performed on prev ious l y  ex t rac ted  m a t e r i a l s  

(24,25). An important f a c t o r  (which has too o f t e n  been ignored) 
i s  t h a t  many phenol ic  compounds are destroyed i n  a base 
hyd ro l ys i s  step, e s p e c i a l l y  those with low o x i d a t i o n  p o t e n t i a l s ,  
due t o  o x i d a t i o n  by d isso lved oxygen. This f a c t  can s e r i o u s l y  

reduce recovery and a lso c o n t r i b u t e  new products t o  t he  sample 
mixture.  

I n  two o f  t he  s tud ies,  hyd ro l ys i s  cond i t i ons  were 

I n  the  o the r  two i n v e s t i g a t i o n s ,  
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