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Direct spectrophotometric determination of chlorogenic acid 
oxidase activity 

Several methods have been described for the determinat ion of polyphenol oxidase aet ivi ty l ,~, ~. 
Most  of  t h e  m e t h o d s  are  indi rec t  a n d  are  appl icable  to  different  po lypheno l i c  s u b s t r a t e s  inc lud ing  
chlorogenic  acid. Since t h e  abso rp t ion  of chlorogenic  acid a t  326 m/~ decreases  m a r k e d l y  u p o n  
oxida t ion ,  chlorogenic acid ox idase  ac t i v i t y  m a y  be  conven i en t l y  a s s a y e d  b y  m e a s u r e m e n t  of  
a b s o r b a n c e  c h a n g e s  a t  t h i s  w a v e  length .  

T h e  abso rp t i on  s p e c t r u m  of chlorogenic  acid h a s  been  repor ted  by  SHIROYA et al .  4 and  HULME 5, 
b u t  t he se  worke r s  p r e s e n t  no  evidence  ind ica t ing  t h e  re la t ive  p ropor t i on  of t h e  oxidized to  r educed  
c o m p o u n d  in the i r  samples .  T he  abso rp t i on  s p e c t r u m  of a 2.8. IO -5 M solut ion of chlorogenic  acid 
(prepared  f rom a s a m p l e  of c.p. c o m p o u n d  ob ta ined  f rom the  De l t a  Chemica l  C o m p a n y ,  New York,  
N.Y.)  was  d e t e r m i n e d  b y  use  of a B e c k m a n  D. U. s p e c t r o p h o t o m e t e r  and  is p r e sen t ed  in Fig.  I. 
Ev idence  to  be  p r e sen t ed  ind ica tes  t h a t  93 % of th i s  s ample  is in t he  reduced  form.  The  cu rve  for 
chlorogenic  acid exh ib i t s  a peak  a t  326 m/~ and  a t r o u g h  w i th  a m i n i m u m  a t  265 m/~. T h e  s p e c t r u m  
of t h e  p r o d u c t  ob ta ined  f r o m  ox ida t ion  of chlorogenic  acid also is p r e sen t ed  in Fig. i .  For  th i s  
de t e rmina t ion ,  suff icient  purif ied tobacco- roo t  e x t r a c t  (i) to  cause  an  abso rbance  change  of o.2oo/ 
rain was  a d d e d  to  t h e  c u v e t t e  con ta in ing  chlorogenic  acid a n d  buffer  a n d  also to  t h e  reference 
c u v e t t e  con t a in i ng  buffer.  W h e n  t h e  decrease  in  ab so rbance  a t  326 m/~ ceased,  t h e  r eac t ion  was  
cons idered  comple t e  a n d  t h e  s p e c t r u m  of t he  p r o d u c t  of chlorogenic  acid ox ida t ion  was  recorded.  
T h e  va lues  were correc ted  for t he  d i lu t ion  resu l t ing  f rom t h e  add i t ion  of enzyme .  I t  is a p p a r e n t  
f r om the se  d e t e r m i n a t i o n s  t h a t  t h e  spec t r a  recorded b y  HULME 5 a n d  by  SHIROYA et  al .  4 are  rep-  
r e sen t a t i ve  of t h e  reduced  fo rm of chlorogenic acid.  
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Fig.  I.  Abso rp t ion  spec t r a  of chlo- 
rogenic  acid a n d  of t h e  ox ida t ion  
p r o d u c t  fo rmed  in presence  of a 
tobacco- root  ex t rac t .  The  s p e c t r u m  
for chlorogenic ac id  was  d e t e r m i n e d  
w i t h  2 .8 .1o  - s  M so lu t ion  of t h e  
c o m p o u n d  d isso lved  in o.I M po- 
t a s s i u m  p h o s p h a t e  buffer ,  p H  7.0. 
The  s p e c t r u m  of t h e  oxidized 
p r o d u c t  was  d e t e r m i n e d  af te r  t h e  
s a m e  so lu t ion  reached  equ i l ib r ium 
in  presence  of a purif ied tobacco  
po lypheno l  ox idase  1. Silica c u v e t t e s  
of  I - cm  l ight  p a t h  were  used.  T h e  
reference c u v e t t e  for t h e  chloro- 
genic acid s p e c t r u m  con ta ined  
p h o s p h a t e  buffer  a l o n e  and  t h a t  
for t h e  oxidized p r o d u c t  con ta ined  

p h o s p h a t e  buffer  and  tobacco  po lypheno l  oxidase .  T h e  ver t ica l  l ine a t  320 m/~ r ep resen t s  t h e  
p o i n t  whe re  t h e  t u n g s t e n  l a m p  was  replaced b y  a hyd rogen -d i s cha rge  l amp .  

T h e  add i t i on  of a b o u t  I m g  ascorbic  ac id  to  3 m l  z .8 .  io  -5 M chlorogenlc  acid resu l t ed  in a 
3.5 % increase  in  opt ical  dens i ty ,  b u t  a sco rba te  a n d  buffer  fai led to  increase  t h e  opt ica l  d e n s i t y  
a t  t h i s  w a v e  leng th .  T he  mola r  ab so rp t i v i t y  (ex t inc t ion  coefficient) of t h e  r educed  chlorogenic acid 
so lu t ion  a f te r  a sco rba t e  add i t ion  was  ca lcu la ted  to  be  2.04. IO 4. Th i s  m a y  be  c o m p a r e d  wi th  t h e  
va lue  of 1.97'  IO4 a t  326 m/~ r epo r t ed  by  HULME s. A mola r  a b s o r p t i v i t y  of i .o  4. lO 4 a t  326 m/~ 
was  ca lcu la ted  for t h e  p r o d u c t  of  chlorogenic  acid ox ida t ion ,  a s s u m i n g  t h a t  t he  concen t r a t i on  of 
t h e  p r o d u c t  a t  equ i l ib r ium was  2.8. lO -5 M .  T he  difference in mola r  absorp t iv i t i e s  of  t h e  oxidized 
a n d  r educed  c o m p o u n d s  is i .  io  4. B y  use  of t he se  va lues ,  i t  was  conc luded  t h a t  t h e  2.8. Io -5 M 
so lu t ion  of t h e  c.p.  chlorogenic  a c i d  in  o . i  M p o t a s s i u m  p h o s p h a t e  buffer  con ta ined  7 % of an  
oxid ized  fo rm t h a t  could  be  r educed  u p o n  t h e  add i t i on  of a scorba te .  

A reac t ion  m i x t u r e  con t a i n i ng  chlorogenic  ac id  a n d  tobacco- roo t  e x t r a c t  ( identical  w i th  t h a t  
descr ibed  for t h e  oxidized p roduc t  of  Fig.  I) t u r n e d  b r o w n  in color as t h e  reac t ion  proceeded.  As  
ind ica ted  b y  t h e  d a t a  p l o t t ed  in  Fig.  2, t h e  add i t ion  of ascorbic  acid to t he  reac t ion  m i x t u r e  4 rain 
a f t e r  t h e  r eac t ion  was  in i t i a t ed  resu l t ed  in  a n  increased  opt ica l  d e n s i t y  a t  326 m/~. U n d o u b t e d l y  
t h e  increase  w as  caused  b y  t h e  r educ t i on  of t h e  oxid ized  p r o d u c t  f o rmed  f rom t h e  ox ida t i on  of 
chlorogenic  acid.  Also as s h o w n  in Fig, 2, t h e  chlorogenic  acid fo rmed  f rom t h e  a scorba te  r educ t ion  
was  fu r t he r  oxidized in  t h e  presence  of t he  ex t rac t .  W h e n  t h e  chlorogenic  acid was  a l lowed to  reach  
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equil ibrium and s tand  an appreciable period of t ime thereaf ter  (approximate ly  3 rain) the  b rown 
color failed to disappear  upon  the  addit ion of ascorbic acid. Apparen t ly  this  is due to the  poly- 
merizat ion of the  oxidized p roduc t  which p reven ts  reversal  of the  oxidat ion.  
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Fig. 2. Reversal  of the  enzymic oxidat ion of 
chlorogenic acid by  ascorbic acid. The react ion 
mix tu re  was  identical wi th  t ha t  described for 
the  determinat ion  of the  spec t rum of the  oxi- 
dized p roduc t  of Fig. i .  4 min  af ter  the  react ion 
was  ini t iated sufficient- ascorbate  was  added to 
make  the  reaction 3" lO-5 M.  The absorbance 
(optical density) determinat ions  were corrected 

for dilution. 
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Fig. 3. Propor t ional i ty  of enzyme act ivi ty 
wi th  enzyme concentrat ion.  The assay pro- 
cedure described in the t ex t  was  utilized wi th  
var iat ion in concentrat ion of enzyme as indi- 
cated and also wi th  the  exception t h a t  ra tes  
were calculated on the  basis of the  rates  for the  
first IS-see i n t e r va l  The crude ext rac t  was  
prepared  by  homogenizing one weight  of to- 
bacco roots  in three weights  of o. I M phospha te  
buffer, p H  7, and then  removing the par t icula te  
material  by  centr ifugat ion at  25,ooo × g for 

20 min x . 

The assay  of the oxidase act ivi ty  is carried ou t  in a silica cuvet te  of 1.2-ml volume. The reac- 
t ion mix tu re  contains o.I  M po tas s ium phospha te  buffer, p H  7.o; 5.7" lO-6 M chlorogenic acid; 
and  lO -3 M ethylenediaminete t raaceta te .  The reaction is init iated by  the addit ion of sufficient 
enzyme to cause a decrease of absorbance  of approx imate ly  o.o2o in 15 sec. The absorbance  is 
recorded at  each IS-see interval  fo r  75 sec. One uni t  of act ivi ty  is defined as t h a t  a m o u n t  causing 
an  absorbance  change of o.ooi for the  interval be tween 15 and 75 sec af ter  the  reaction was  
initiated. Since a small fraction of the  subs t ra te  is utilized at  th is  ra te  of oxidation,  the  reaction 
appears  to be linear wi th  time. As s h o w n  in Fig. 3 the initial enzyme act ivi ty  is propor t ional  to 
the  enzyme concentra t ion  t h r o u g h o u t  a relatively broad range. I t  has  been demons t ra ted  t ha t  
the react ion is dependent  upon  oxygen.  
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