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ENZYMATIC ESTIMATION AND QUANTITATIVE HIGH-PRESSURE LIQUID CHROMATOGRAPHY 
OF FRUCTOSE, GLUCOSE AND SUCROSE IN POWDERS FROM ROSE PETALS 

Helthuis(l), T. Heidema and Gorin ( 2 )  

Sprenger Institute 
P. 0. Box 17 

6700 AA Wageningen, Netherlands 

ABSTRACT 

There was no significant difference between mean mass fractions of 
fructose, glucose and sucrose measured enzymatically and by liquid 
chromatography. So the chromatographic method can be used on powders from 
rose petals as the peaks of the chromatograms are really caused by the sugars. 

A method is described for clean-up oE the r o s e  extract before injecting it 
into the high-pressure liquid chromatograph. 

INTRODUCTION 

The purpose of this work was to find a way of estimating soluble sugars in 

cut flowers by high-pressure liquid chromatography. 

As yet, we have used an enzymatic method (10 ) .  However, the enzymatic 

analysis had 3 disadvantages: 

1. Methanol must be removed from the extract; otherwise commercial 

enzyme preparations are inactivated. 

2 .  For estimation of sucrose, when the mass ratio of glucose to sucrose 

is higher than 3:1, glucose must be removed with glucose oxidase and 

catalase (11). 
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3 Chromalography o f f e r s  more o p t i o n s  f o r  a u t o m a t i o n  t h a n  t h e  enzymat i c  

met hod. 

I f  t h e  two methods gave  s i m i l a r  results f o r  r o s e s ,  we c o u l d  assume t h a t  

peaks f o r  t h e  s u g a r s  were n o t  due  t o  a r t e f a c t s .  

EXPERIMENTAL 

The r o s e s  were c u t  f l o w e r s  o f  t h e  c u l t i v a r  Son ia .  

The powder was p r e p a r e d  from p e t a l s  o f  r o s e s  by a s i m i l a r  method t o  o n i o n  

powder ( 8 ) .  Each sample was hu lked  from p e t a l s  o f  s i x  f l o w e r s .  In t o t a l ,  

t h e r e  were 20 samples .  The samples  r e p r e s e n t e d  6 s t a g e s  o f  deve lopmen t :  1 ,  

2 ,  3 ,  4 ,  5 and 6 ( 6 )  p i c k e d  on 7 J u l y  1980 (Samples  1-6 o f  T a b l e  2 ) .  S t a g e s  1 

and 3 were picked o n  1 3  J u l y  1980 (Samples  7 and 14 of  T a h l e  2 ) .  The chemica l  

a n a l y s e s  formed p a r t  of a s t u d y  on l o n g e v i t y  o f  t h e  blooms on t h e  p l a n t  and 

a f t e r  c u t t i n g :  

S t a g e  1: 3 days  on t h e  p l a n t  (Samples  11, 1 2  and 1 3 ) ;  3 days  i n  a v a s e  

(Samples 8, 9 and 10)  . 
S t a g e  3: 3 days  on t h e  p l a n t ( S a m p 1 e s  18 ,  9,  10);  3 days  i n  a v a s e  

(Samples  1 5 ,  16 and 1 7 ) .  

F r u c t o s e ,  pl i icose and s u c r o s e  i n  powders were e s t i m a t e d  a s  d e s c r i b e d  (10 )  

wi th  80% b u f f e r e d  methanol  ( 0 . 2  m o l / l  a c e t a t e  b u f f e r  pH 6 .5 )  and u s i n g  0.1 g 

powder p l u s  10 m l  o f  b u f f e r e d  methanol  f o r  e x t r a c t i o n  o f  s u g a r s .  For  

chromatography,  t h e  r a t i o  of powder t o  t h e  me thano l  was 10 t i m e s  a s  g r e a t ,  bu t  

e x t r a c t i o n  of s u g a r s  was n o t  a f f e c t e d .  

The NADP+ s o l u t i o n  was p r e p a r e d  f r p s h l y  e v e r y  3 d a y s  ( 3 )  and n o t  e v e r y  

month(&). 

For chromatngraphy,  t h e  b u f f e r e d  me thano l  was p r e p a r e d  from 20 ml. o f  

t r i e t h a n o l a r r i n e  h y d r o c h l o r i d e  b u f f e r  (pH 7.0)  of c o n c e n t r a t i o n  0.1 mol/L ( 4 )  

and 80 mL o f  a h s o l u t e  me thano l .  The f i n a l  c o n c e n t r a t i o n  of t h e  b u f f e r  i n  t h e  

80% methanol  was 0.02 mnl/L. The pH, measured w i t h  a n  i n o i c a t o r  s t r i p ,  was 
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between 6 . 5  and 7.0.  T h i s  t y p e  o f  b u f f e r  d i d  n o t  i n t e r f e r e  w i t h  peaks  f o r  

s u g a r s ,  g i v i n g  a peak i n  t h e  chromatogram b e f o r e  t h o s e  o f  t h e  s u g a r s .  

Buf fe red  methanol  w i t h  a c e t a t e  ( 9 )  was n o t  s u i t a b l e  because  we had t o  

i n c r e a s e  t h r  c o n c e n t r a t i o n  from 0.05 t o  0 . 2  mol/L i n  o r d e r  t o  m a i n t a i n  t h e  pH 

of t h e  e x t r a c t  between 6 . 0  and 6.5.  When t h e  c o n c e n t r a t i o n  was i n c r e a s e d ,  a 

peak o f  a c e t a t c  appea red  between g l u c o s e  and s u c r o s e .  

A b u f f e r  of 80%. methanol  w i t h  B , B ' - d i m e t h y l g l u t a r i c  acid-NaOH (pH 6 .8 )  

( 5 )  o f  f i n a l  c o n c e n t r a t i o n  0 .05  mol/L h e l d  t h e  pH of t h e  e x t r a c t  between 6.0 

and 6 . 5 ,  h u t  produced a c o n c a v i t y  i n  t h e  b a s e  l i n e  of t h e  chromatograni t h a t  

i n t e r f e r e d  w i t h  t h e  peak of s u c r o s e .  

Rose e x t r a c t  was p r e p a r e d  from 1 p. powder and 10 m l  b u f f e r e d  me thano l  

( p r e v i o u s l y  k e p t  a t  2 O o C )  poured i n t o  a Pyrex  c e n t r i f u g e  t u b e  and p l a c e d  i n  

a w a t e r  b a t h  a t  55OC. 

A f t e r  15 m i n . ,  t h e  s t i spens ion  was spun f o r  40 min. a t  1600 g a t  6 O C .  

The s u p e r n a t a n t  was t h e  r o s e  e x t r a c t ;  i t s  pH was k e p t  between 6.0 and 6 . 5  ( t o  

avo id  h y d r o l v s i s  o f  s u c r o s e ) ,  a s  checked w i t h  a s t r i p  i n d i c a t o r .  

T o  c l e a n  up t h e  r o s e  e x t r a c t  (whose we igh t  was e s t i m a t e d  and o f  volume 

abou t  9mL), i t  was suspended t o g e t h e r  w i t h  100 mg o f  P o l y c l a r  AT (BDH, a r t .  

44201)  and v i b r a t e d  (Vihro-Mixer ,  Vor t ex  G e n i e )  f o r  I min . ;  a c t i v e  c h a r c o a l ,  

Darco G 60 ( F l u k a ,  A . G .  Buchs SC, a r t .  05100) ,  was added t o  a mass r a t i o  t o  

t h e  i n i t i a l  r o s e  e x t r a c t  of  0.01. 

The s u s p e n s i o n  was a g a i n  v i b r a t e d  f o r  1 m i n .  and spun  a t  1600 g f o r  30 

min. a t  6@C. 

was s t i l l  c o l o r e d ,  a new p o r t i o n  o f  a c t i v e  c h a r c o a l  was added t o  a m a s s  r a t i o  

of 0 . 0 1 ,  shaken  and spun.  

The s u p e r n a t a n t  was c o l l e c t e d  and weighed. I f  t h e  s u p e r n a t a n t  

The s u p e r n a t a n t ,  c o l o r l e s s  at f i r s t  s i g h t ,  was p a s s e d  th rough  a minicolumn 

Sep-Pak C18, (Wate r s ,  a r t .  519101,  and a minicolumn o f  A1203 ( 9 ) .  

The c l e a n e d  e x t r a c t  was f i l t e r e d  th rough  M i l l i p o r e  f i l t e r  FHLP 01300 t o  

remove any p a r t i c l e s  of g l a s s  wool and was t r e a t e d  i n  a n  u l t r a s o n i c a t o r  t o  

remove d i s s o l v e d  a i r .  
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A r e f e r e n c e  s o l u t i o n  c o n t a i n i n g  f r u c t o s e ,  g l u c o s e  a n d  s u c r o s e  w a s  

s u b m i t t e d  t o  t h e  same c l e a n - u p  p r o c e d u r e .  P e a k s  were t h e  same a s  w i t h o u t  

c l e a n - u p .  R e c o v e r y  was 97  2 1% f o r  f r u c t o s e ,  1 0 0  1 %  f o r  g l u c o s e  and  98 L 1 x  

f o r  s u c r o s e .  

l lnder  u l t r a v i o l e t  r a d i a t i o n  ( w a v e l e n g t h  360  n m ) ,  t h e  A l  0 m i n i c o l u m n  

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

c o n t a i n e d  b a n d s  of s e v e r a l  c o l o r s .  

2 3  

C l e a n e d  e x t r a c t s  p o u r e d  i n t o  a n  A1203 m i n i c o l u m n  W P K ~  a l s o  u n i f o r m ,  

s h o w i n g  t h a t  e x t r a n e o u s  m a t e r i a l s  h a d  b e e n  removed.  

C h r o m a t o g r a p h y  was a s  d e s c r i b e d  h y  G o r i n  a n d  Heidema ( 9 )  b u t  t h e  c l e a n e d  

e x t r a c t  w a s  i n j e c t e d  a u t o m a t i c a l l y  (20 LIL i n s t e a d  o f  10  p l )  w i t h  t h e  WISP 

( W a t e r s  I n t e l l i g e n t  S a m p l i n g  P r o c e s s o r  7 1 n A ) ,  i n s t e a d  o f  m a n u a l l y .  

A s  s p i k i n g  p r o c e d u r e ,  f r u c t o s e  ( M e r c k ,  a r t .  5 3 2 3 )  ( 5 . 0 0  mg), g l u c o s e  

( M e r c k ,  a r t .  8 3 4 2 )  ( 5 . 0 1  mg) a n d  s u c r o s e  ( M e r c k ,  a r t .  7 6 5 1 )  ( 5 . 0 0  mp,) w e r e  

a d d e d  s e p a r a t e l y  t o  1 0 0  rng of p o w d e r  a n d  m e a s u r e d  b y  t h e  p r o c e d u r e s .  The 

r e c o v e r i e s  w e r e  102  2 %  f o r  g l u c o s e ,  101 L 1 %  f o r  E r u c t o s e  a n d  99 l x  f o r  

s u c r o s e .  

F r u c t o s e  and  g l u c o s e  w e r e  a l s o  m e a s u r e d  e n z y m a t i c a l l y  i n  s e v e r a l  p o w d e r s  

w i t h  and  w i t h o u t  c l e a n - u p .  

S u c r o s e  was n o t  m e a s u r e d  b e c a u s e  i f  t h e  s a m p l e  h a d  a m a s s  r a t i o  of E l u c o s e  

t o  s u c r o s e  > 3 : 1 ,  n a t u r a l  g l u c o s e  h a d  t o  b e  d e s t r o y e d  by  a t e d i o u s  p r o c e d u r e .  

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

p o u r e d  i n t o  t h e  c u v e t t e  ( w h e r e  t h e r e  was  a f u r t h e r  d i l u t i o n  by a f a c t o r  3 0 ) .  

A t o t a l  d i l u t i o n  of 3 0 0  t i m e s  "removed" m e t h a n o l  a n d  a l s o  t h e  p i p ; m e n t s  oE t h e  

s a m p l e s  w i t h o u t  c l e a n - u p  ( 8 ) .  

The e x t r a c t  c o u l d  b e  d i l u t e d  1 0  t i m e s ,  h e c a u s e  t h e y  o r i p i n a t p d  from 1.0 g 

powder  i n  t h i s  ser ies  of e x p e r i m e n t s  i n s t e a d  of 0 . 1  g a n d  so  p r o v i d e d  

s u f f i c i e n t  n i l g a r s  f o r  t h e  s e n s i t i v i t y  of Lhe m e t h o d .  

M o i s t u r e  i n  p o w d e r s  was  e s t i m a t e d  by t h e  m e t h o d  o f  G o r i n  (7). 
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Response o f  Detector 

There was a rectilinear response between peak height (cm) and mass of 

soluhle sugars of 2 5 ,  50, 75 and 100 ug in 20 uL. The equation (y=ao+alx) 

of the 3 lines are: 

f o r  fructose a = -0.400, a] = 0.251, r= 1.000 

for glucose a = -0.315, al = 0.202, r= 1,000 

f o r  sucrose a = - 0 . 2 1 5 ,  al = 0.190, r= 1.000 

Enzymatic Comparison With and Without Clean-up 

A sign test f o r  paired comparisons (12) showed n o  significant difference 

between mean mass fractions of the respective sugars with and without clean-up 

(Table I ) .  So the clean-up procedure did not retain the sugars of the samples. 

Comparison of Enzymatic and Chromatographic Method 

The sign test for paired comparisons ( 1 2 )  demonstrated that there was no 

significant difference between the mean mass fractions of the respective 

sugars by the two methods. 

So peaks o f  the chromatograms for the powders were due to fructose, 

glucose, and sucrose. Other compounds did not interfere. 

The mass ratio of powder to methanol buffer ( 1 : l O )  did not constitute a 

problem for extraction. 

The moisture contents (between 0 . 5  and 3.02) of the powders were ignored 

and not corrected f o r .  
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