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DETECTION OF FURFURAL A N D  2-FUROIC A C I D  

B Y  H I G H  PRESSURE L I Q U I D  CHROMATOGRAPHY 
I N  B A C T E R I A L  CULTURES 

S .  W .  H O N G ,  H .  E .  H A N  A N D  K .  S .  C H A E  

D e p a r t m e n t  o f  M i c r o b i o l o g y  
C o l l e g e  of K a t u r a l  S c i e n c e s  
S e o u l  I u a t i o n a l  U n i v e r s i t y  

S e o u l  1 5 1 ,  K O R E A  

T h e  F u r f u r a l  a n d  2 - f u r o i c  a c i d  p r e s e n t  i n  b a c t e r i a l  
c u l t u r e s  were e x t r a c t e d  a n d  d e t e c t e d  by  H i g h  p r e s s u r e  
L i q u i d  C h r o m a t o g r p h y  ( H P L C ) .  U s i n g  t h e  m e t h a n o l / w a t e r  
s o l v e n t  ( 7 0 / 3 0 ) ,  t h e  c o l u m n ,  p B o n d a p a k  C18  ( W a t e r s  
A s s o c i a t e s )  s e p e r a t e d  t h e s e  c o m p o u n d s  w e l l .  T h e  d e t e c -  
t i o n  w a s  p e r f o r m e d  a t  2 5 4  nm w h e r e  b i n a r y  m i x t u r e s  were 
a b s o r b e d .  T h i s  m e t h o d  p r o v i d e d  a r a p i d  a n d  s i m u l t a n e o u s  
d e t e c t i o n  f o r  t h e  c o n v e r s i o n  o f  f u r f u r a l  i n t o  2 - f u r o i c  
a c i d  f o l l o w e d  b y  t h e  u t i l i z a t i o n  of  2 - f u r o i c  a c i d  d u r i n g  
b a c t e r i a l  g r o w t h .  

INTRODUCTION __________-_ 
A n u m b e r  o f  m e t h o d s  a r e  a v a i l a b l e  f o r  d e t e r m i n i n g  

f u r a n  d e r i v a t i v e s .  F u r f u r a l  was q u a n t i t a t i v e l y  d e t e r -  

m i n e d  by  t i t r a t i o n  w i t h  b r o m i n e  m o n o c h l o r i d e  (1 ) .  

P a o l o ( 2 )  d e s c r i b e d  t h a t  t h e  m i x t u r e s  o f  f u r f u r a l  a n d  

5 - h y d r o x y m e t h y l  f u r f u r a l  (HMF) were  s e p e r a t e d  b y  a t h i n  

l a y e r  c h r o m a t o g r a p h y  ( T L C ) .  T h e  s p o t s  were c u t  a n d  

d e v e l o p e d  w i t h  D i s c h e  r e a g e n t  a n d  t h a n  e s t i m a t e d  b y  

s p e c t r o p h o t o m e t e r .  F u r f u r y l  a l c o h o l  a n d  f u r o i c  a c i d  

were a n a l y s e d  b y  Morimoto g l  ( 3 ) ,  u s i n g  g a s  

c h r o m a t o g r a p h y .  K o s t e n c o ( 4 )  d e s c r i b e d  a m e t h o d  f o r  

d e t e r m i n a t i o n  of f u r f u r a l  a n d  m e t h y l f u r f u r a l  on  s i l i c a  
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286 HONG, HAh', AND C U E  

g e l  m o d i f i e d  b y  f l u o r o h y d r o c a r b o n  r a d i c a l s  b y  H i g h  P e r -  

f o r m a n c e  L i q u i d  C h r o m a t o g r a p h y  ( H P L C ) .  

H o w e v e r ,  t h e  m e t h o d s  d e s c r i b e d  a b o v e  were n o t  s u i t -  

a b l e  f o r  t h e  d e t e r m i n a t i o n  o f  f u r f u r a l  a n d  2 - f u r o i c  a c i d  

f o r  t h e  f o l l o w i n g  r e a s o n s :  n o  s e l e c t i v i t y ,  t i m e - c o n s u m i n g  

a n d  c o m p l i c a t e d  s a m p l e  p r e p a r a t i o n  i n  i n d i v i d u a l  d e t e r m i -  

n a t i o n  o f  b i o l o g i c a l  m i x t u r e s .  

T h i s  p a p e r  d e s c r i b e s  a new m e t h o d ,  u s i n g  HPLC f o r  

t h e  d e t e r m i n a t i o n  o f  f u r f u r a l  a n d  2 - f u r o i c  a c i d  p r e s e n t  

i n  b i o l o g i c a l  m i x t u r e s .  

B a c t e r i a l  C u l t u r e  M e d i u m  ________-_-------------- 
One l i t r e  of  c u l t u r e  m e d i u m  c o n t a i n e d :  KH2P0 1.09; 4 '  

K2HPG4,  2 . 0 9 ;  K N 0 3 ,  1 . O g ;  MgSG47H20 ,  0 . 2 9 ;  N a C 1 ,  0 . 2 9 ;  

Cac12 ,  0 . 0 1 9 ;  f u r f u r a l ,  0 . 5 9 ;  y e a s t  e x t r a c t ,  0.39. 

F i f t y  m l  of c u l t u r e  m e d i u m  w a s  p o u r e d  i n t o  2 5 0  m l  E r l e n -  

m e y e r  f l a s k s .  A f t e r  t h e  m e d i u m  w a s  a u t o c l a v e d  a t  121 'C 

f o r  1 5  m i n  a n d  c o o l e d  d o w n  t o  room t e m p e r a t u r e ,  t h e  t e s t  

m i c r o o r g a n i s m  w a s  i n o c u l a t e d .  

___ S a m p l e  ______ P r e p a r a t i o n  __----- 
______----- P s e u d o m o n a s  F S 1  w h i c h  was i s o l a t e d  f r o m  s o i l  o f  

U n i v e r s i t y  C a m p u s  w a s  c u l t i v a t e d  a t  3 7  *C f o r  t h r e e  d a y s  

i n  G 2 4  E n v i r o n m e n t a l  I n c u b a t o r  S h a k e r  ( N e w  B r u n s w i c k  

S c i e n t i f . i c  C o . ,  I n c . ,  E d i s o n  N . J .  U S A ) .  

F i v e  m l  s a m p l e s  were  w i t h d r a w n  a t  a p p r o p r i a t e  

t i m e  i n t e r v a l  d u r i n g  t h e  c u l t u r e  d e v e l o p m e n t  a n d  c e n t r i -  

f u g e d  a t  5 , 0 0 0  r p m  f o r  1 5  m i n  a t  4OC ( R o t o r  M o d e l  R P R 2 0 - 2 ,  

H i t a c h i  K o k i  H i t a c h i  A u t o m a t i c  R e f r i g e r a t e d  C e n t r i f u g e ,  

?o., L t d )  t o  o b t a i n  c e l l - f r e e  s a m p l e .  

T h i s  s a m p l e  was f i l t e r e d  t h r o u g h  0 . 4 5  

m i l i p o r e  f i l t e r ,  4 7  m m  d i a m e t e r  ( M i l l i p o r e  

p H  of s a m p l e  was a d j u s t e d  t o  3 w i t h  2M H C 1  

y m  p o r o s i t y  

C o r p . ) .  T h e  

Two m l  o f  
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FURFURAL IN BACTERIAL CULTURES 287 

a c i d i f i e d  s a m p l e  w a s  m i x e d  w i t h  1 m l  o f  d i e t h y l  e t h e r  i n  

a c a p p e d  t u b e  a n d  l e f t  a t  c o l d  room ( q S C )  u n t i l  t w o  p h a s e s  

were  c l e a r l y  s e p e r a t e d .  

i ~ o n a g u e o u s  p h a s e  was d e c a n t e d  i n t o  a n o t h e r  c a p p e d  

t u b e  a n d  e v a p o r a t e d  a t  3 5 D C .  An a p p r o p r i a t e  a m o u n t  o f  

t h i s  s a m p l e  w a s  r e d i s s o l v e d  i n  t h e  c o r r e s p o n d i n g  m e t h a n o l  

s o l v e n t  f o r  HPLC a n a l y s i s  a n d  t h e  o t h e r  i n  d i s t i l l e d  w a t e r  

f o r  s c a n n i n g  o f  U V  s p e c t r o p h o t o m e t e r .  

A n a l y s i s  b y  U V  S p e c t r o p h o t o m e t e r  a n d  HPLC -___ ___-_ -____ ----- _-____--_______--- 
P r e p a r e d  s a m p l e s  were  s c a n n e d  w i t h i n  t h e  r a n g e  o f  

2 1 0  nm t o  3 3 0  nm i n  w a v e l e n g t h  b y  P e r k i n - E l m e r  M o d e l  1 3 9  

UV-VIS s p e c t r o p h o t o m e t e r  ( H i t a c h i ,  L t d . ,  T o k y o ,  J a p a n ) .  

O p e r a t i o n a l  c o n d i t i o n s  of HPLC ( W a t e r s  A s s o c i a t e s  

I n c . ,  b i i l f o r d ,  M a s s .  0 1 7 5 7 ,  USA) were  a s  f o l l o w :  c o l u m n ,  

p - B o n d a p a k  C 1 8 ;  s o l v e n s ,  m e t h a n o l / w a t e r  (100/0, 7 0 / 3 0 ,  

5 0 / 5 0 ,  1 0 / 9 0 ) ;  f l o w  r a t e ,  1 . 0  m l / m i n ;  d e t e c t o r ,  U V  M o d e l  

4 4 0 ,  2 5 4  nm; i n j e c t i o n ,  1 0  ~ 1 ;  t e m p e r a t u r e ,  room t e m p e r -  

a t u r e .  M e t h a n o l  s o l v e n t s  ( f o r  c h r o m a t o g r a p h i c  g r a d e ,  

M e r c k )  were  d e g a s s e d  a n d  f i l t e r e d  t h r o u g h  M i l l i p o r e  f i l t e r  

p r i o r  t o  u s a g e .  

G r o w t h  o f  P s e u d o m o n a s  FS1 w a s  o b s e r v e d  i n  t h e  c u l t u r e  

m e d i u m  c o n t a i n i n g  y e a s t  e x t r a c t  a n d  f u r f u r a l  a s  a c a r b o n  

s o u r c e .  A s i m p l e  m e t h o d  t o  d e t e r m i n e  t h e  q u a n t i t y  o f  

f u r f u r a l  a n d  p o s s i b l e  a m o u n t  of i t s  m e t a b o l i t e ( s )  i n  t h i s  

b a c t e r i a l  c u l t u r e  was n e e d e d .  F u r f u r a l  i s  a n  a r o m a t i c  

, : o i . : pound  a n d  h a s  U V  a b s o r b a n c e  a t  2 7 7  nm o f  w a v e l e n g t h ( 5 ) .  

'i'tie m e t a b o l i t e ( s )  w o u l d  b e  e i t h e r  f u r a n  d e r i v a t i v e s  s u c h  

a s  2 - f u r o i c  a c i d  a n d  2 - f u r f u r y l  a l c o h o l ( 3 )  or g l u t a m a t e  

w h i c h  d o e s  n o t  h a v e  U V  a b s o r b a n c e ( 6 ) .  

I f  m e t a b o l i t e s  a r e  f u r a n  d e r i v a t i v e s ,  i t  i s  c e r t a i n  
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288 HANG, HAN, AND C U E  

t h a t  i t  h a s  UV a b s o r b a n c e .  I n  o r d e r  t o  r e s o l v e  a b o v e  

p r e s u m p t i o n s  U V  s c a n n i n g  w a s  c a r r i e d  o u t  a n d  t h e  r e s u l t s  

a r e  s h o w n  i n  F i g u r e  1. 

T h e  p e a k  a t  2 7 7  nm w a s  t h e  f u r f u r a l  (A,B) a n d  s h o w e d  

t h e  g r a d u a l  d e c r e a s e  ( A , B , C , D ) .  I n  a d d i t i o n  a new p e a k  

a t  2 4 5  nm a p p e a r e d  a f t e r  1 2  h r  o f  g r o w t h  a n d  t h e r e a f t e r  

d i s a p p e a r e d .  H s u b s t a n c e  w h i c h  p e a k s  a t  2 4 5  nm ( E 2 4 5 )  

s eems  t o  b e  a m e t a b o l i t e  f o r m e d  e x t r a c e l l u l a r l y .  T h e  

y u r i f i e d  E 2 4 5  s u b s t a n c e  w a s  i d e n t i f i e d  a s  2 - f u r o i c  a c i d  

when c o m p a r e d  w i t h  a s t a n d a r d  2 - f u r o i c  a c i d  b y  I R  s p c c t r o -  

p h o t o m e t e r .  2 - V u r o i c  a c i d  w a s  p r o d u c e d  d u e  t o  t h e  o x i d a -  

t i o n  o f  f u r f u r a l  b y  a n  e x o e n z y m e ( 7 ) .  

For s i m u l t a n e o u s  d e t e r m i n a t i o n  o f  f u r f u r a l  a n d  

WAVELENGTH nm 

FIGURE 1 

U V  s c a n n i n g  s p e c t r a  o f  c u l t u r e  f i l t r a t e  d u r i n g  t h e  g r o w t h  
o f  P s e u d o m o n a s  FSl. ( A )  a p e a k  of  f u r f u r a l  i n  c u l t u r e  
m e d i u m ,  ( B )  ( C )  p e a k s  a f t e r  1 8  h r  a n d  3 0  h r  of  g r o w t h ,  
r e s p e c t i v e l y ,  ( D )  d i s a p p e a r a n c e  o f  t w o  p e a k s  a f t e r  5 5  h r  
of q r o w t h .  
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FURFURAL IN BACTERIAL CULTURES 289 

2 -  f u r o i c  a c i d  i n  b a c t e r i a l  c u l t u r e s ,  c u l t u r e  f i l t r a t e  

w a s  p r e p a r e d  t o  b e  a n a l y z e d  b y  HPLC w i t h  d i f f e r e n t  m o b i l e  

p h a s e s  o f  m e t h a n o l  a s  s h o w n  i n  F i g u r e  2 .  

F u r f u r a l  a n d  2 - f u r o i c  a c i d  c o u l d  b e  s e p a r a t e d  w e l l  

w h e n  s o l v e n t s  o t h e r  t h a n  a b s o l u t e  m e t h a n o l  were u s e d .  

T h e  o p t i m u m  c o n d i t i o n  f o r  r e t e n t i o n  t i m e  o f  e a c h  m o b i l e  

p h a s e  o c c u r r e d  o n l y  w h e n  7 0 %  m e t h a n o l  w a s  u s e d .  

T h u s ,  t r a n s f o r m a t i o n  o f  f u r f u r a l  i n t o  2 - f u r o i c  a c i d  

a n d  t h e  u t i l i z a t i o n  o f  2 - f u r o i c  a c i d  d u r i n g  t h e  c u l t u r e  

d e v e l o p m e n t  o f  P s e u d o m o n a s  F S 1  c o u l d  b e  d e t e c t e d  b y  HPLC, 

u s i n g  7 0 %  m e t h a n o l  s o l v e n t .  

P a i r s  o f  p e a k s  i n  c h r o m a t o g r a m s  i n  F i g u r e  3 d e m o n -  

s t r a t e d  t h e  g r a d u a l  i n c r e a s e  a n d  d e c r e a s e  o f  2 - f u r o i c  

1 
2 

1 I 

I I I I J  

0 4 8 12 16 

MINUTES 

F I G U R E  2 

C h r o m a t o g r a m s  o f  2 - f u r o i c  a c i d ( 1 )  a n d  f u r f u r a l ( 2 )  a t  
v a r i o u s  c o n c e n t r a t i o n s  o f  m e t h a n o l  s o l v e n t .  
( A )  1 0 %  m e t h a n o l ,  ( B )  5 0 %  m e t h a n o l ,  ( C )  7 0 %  m e t h a n o l ,  
(D) 1 0 0 %  m e t h a n o l .  
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- 

0 

1 

II: 
30 55 hr 

FIGURE 3 

H P L C  c h r o m a t o y r a m s  o f  2 - f u r o i c  a c i d l l )  a n d  f u r f u r a l ( 2 )  
i n  c u l t u r e  f i l t r a t e  d u r i n g  t h e  c u l t u r e  d e v e l o p m e n t  o f  
P s c u d o n i o n a s  PS1. S o l v e n t :  7 0 %  m e t h a n o l .  
u t h e r  c o n d i t i o n s  a r e  l i s t e d  i n  t e x t .  
_-- -----__- 

a c i d  a n d  f u r f u r a l .  T h e  p e a k s  t h a t  d i s a p p e a r e d  were 

c o m p l e t e l y  u t i l i z e d  a t  t h e  e n d  o f  g r o w t h .  A s  s h o w n  i n  

F i g u r e  1, s p e c t r o p h o t o m e t r i c  a n a l y s i s  was n o t  s u i t a b l e  

Lor q u a n t i t a t i v e  d e t e r m i n a t i o n  of e a c h  c o m p o u n d  i n  t h e  

b i n a r y  m i x t u r e s  w i t h  h i g h  c o n c e n t r a t i o n ,  s i n c e  a b s o r b a n c e s  

of t h e  t w o  c o m p o u n d s  o v e r l a p p e d  e a c h  o t h e r  w h i c h  r e s u l t e d  

i n  e r r o r .  H o w e v e r ,  HPLC a n a l y s i s  a l l o w e d  b i n a r y  m i x t u r e s  

o f  f u r f u r a l  a n d  2 - f u r o i c  a c i d  t o  b e  f r a c t i o n a t e d  a n d  d e -  

t e c t e d  r a p i d l y  a n d  s i m u l t a n e o u s l y .  

U s i n g  H P L C  m e t h o d  i t  i s  p o s i b l e  t o  e s t i m a t e  t h e  

d m o u n t s  o f  f u r f u r a l  a n d  2 - f u r o i c  a c i d  b y  m e a s u r i n g  p e a k  

h e i g h t s  o r  p e a k  a r e a s  w i t h  r e f e r e n c e  t o  a c a l i b r a t i o n  

c u r v e  o f  s t a n d a r d  c o m p o u n d s .  
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TIME hr 

F I G U R E  4 

Q u a n t i t a t i v e  c h a n g e s  o f  f u r f u r a l  (1) a n d  2 - f u r o i c  a c i d  
( 2 )  d e p e n d i n g  o n  t h e  i n c r e a s e  o f  c e l l  m a s s ( 3 ) .  

T h e  q u a n t i t a t i v e  c h a n g e s  o f  f u r f u r a l  a n d  2 - f u r o i c  

a c i d ,  d e p e n d i n g  o n  c e l l  m a s s  e x p r e s s e d  a s  t u r b i d i t y  a t  

t h e  o p t i c a l  d e n s i t y  o f  6 1 0  nm were s h o w n  i n  F i g u r e  4 .  

U s i n g  t h e  H P L C  m e t h o d ,  w e  h a v e  f o u n d  u n i q u e  

p h y s i o l o g i c a l  p r o p e r t i e s  o f  P s e u d o m o n a s  FS1 w h i c h  i s  o f  

i n t e r e s t  i n  v i e w  o f  e l u c i d a t i n g  t h e  m e t a b o l i s m  o f  f u r f u r a l  

a s  a t o x i c a n t .  

2 - F u r o i c  a c i d  was n o t  u t i l i z e d  u n t i l  f u r f u r a l  was  

c o m p l e t e l y  c o n v e r t e d  i n t o  2 - f u r o i c  a c i d .  T h i s  i n d i -  

c a t e d  t h a t  f u r f u r a l  was s u b j e c t e d  t o  c x i d a t i o n  i n t o  

2 - f u r o i c  a c i d  f o l l o w e d  b y  t h e  r e u t i l i z a t i o n  of 2 - f u r o i c  

a c i d  a s  a c a r b o n  s o u r c e .  T h e r e f o r e  g g e u d o m o n a s  F S 1  c o u l d  

d e c o m p o s e  f u r a n  r i n g s  b y  c o n v e r t i n g  f u r f u r a l  i n t o  2 - f u r o i c  

a c i d .  

I n  s u m m a r y ,  t h e  H P L C  m e t h o d  d e s c r i b e d  a b o v e  c a n  b e  

u s e f u l  f o r  t h e  d e t e c t i o n  a s  w e l l  a s  q u a n t i t a t i v e  d e t e r -  
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m i n a t i o n  o f  f u r f u r a l  a n d  2 - f u r o i c  a c i d  p r e s e n t  i n  b a c t e r i a l  

c u l t u r e s .  

T h e  a u t h o r s  w i s h  t o  t h a n k  Mr. B y u n g  K y u  L e e  f o r  h i s  

h e l p  a n d  GINSCO f o r  t e c h n i c a l  a s s i s t a n c e s .  

1. 

2. 

3 .  

4 .  

5 .  

6 .  

7 

F h u k l a ,  V. K .  S .  a n d  S h u k l a ,  S . ,  M i c r o d e t e r m i n a t i o n  o f  
f u r f u r a l  u s i n g  b r o m i n e  m o n o c h l o r i d e ,  B u l l .  C h e m .  S O C .  
J a p a n ,  5 0 ( 2 ) ,  5 5 9 ( 1 9 7 7 ) .  

P a o l o ,  B . ,  An i m p r o v e d  m e t h o d  f o r  t h e  c o l o r i m e t r i c  
e s t i m a t i o n  o f  5-hydroxymethyl-2-furaldehyde i n  t h e  
p r e s e n c e  of 2 - f u r a l d e h y d e  a f t e r  t h i n  l a y e r  c h r o m a t o -  
g r a p h y ,  I n d u s t r i  A l i m e n t a r i ,  IS(lO), 1 7 7 ( 1 9 7 6 ) .  

Mor imoto ,  S . ,  H i r a s h i m a ,  T .  a n d  O h a s h i ,  M . ,  S t u d i e s  o n  
f e r m e n t a t i o n  p r o d u c t s  f r o m  a l d e h y d e  b y  m i c r o o r g a n i s m s ,  
J .  E ' e r m e n t .  T e c h n o l . ,  sl(4), 2 7 6 ( 1 9 6 8 ) .  

K o s t e n c o ,  V .  G . ,  Q u a n t i t a t i v e  d e t e r m i n a t i o n  of f u r a n  
s e r i e s  a l d e h y d e s  i n  a q u e o u s  m e d i u m  b y  h i g h  p e r f o r m a n c e  
l i q u i d  c h r o m a t o g r a p h y ,  Z h .  A n a l .  K h i m . ,  3 3 ( 9 ) ,  1 8 4 9  
( 1 9 7 8 ) .  

W o l f r o m ,  M. L . ,  S c h u e t z ,  R .  D .  a n d  C a v a l i e r i ,  L .  F . ,  
C h e m i c a l  r e a c t i o n  o f  a m i n o  a c i d  c o m p o u n d s  a n d  s u g a r s  
I V .  S i g n i f i c a n c e  o f  f u r a n  d e r i v a t i v e s  i n  c o l o r  f o r -  
m a t i o n ,  J .  C h e m .  S O C . ,  11, 3 5 1 8 ( 1 9 4 9 ) .  

T r u d g i l l ,  P .  W . ,  T h e  m e t a b o l i s m  o f  f u r o i c  a c i d  b y  
P s e u d o m o n a s  F 2 ,  B i o c h e m .  J .  , ll.3, 577 ( 1 9 6 9 ) .  -___----__- 

B y u n ,  K .  H . ,  H a n ,  H .  E .  a n d  H o n g ,  S .  W . ,  B i o -  
c o n v e r s i o n  o f  f u r f u r a l  i n t o  2 - f u r o i c  a c i d  b y  
z o o q l o e a  A 8 ,  Kor. Jour. M i c r o b i o l . ,  ( i n  P r e s s ) .  _-- ---- 
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