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10 Rue Barbette 75003 
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ABSTRACT 
Sucrose, glucose,  f ruc tose ,  p resent  i n  complex products ,  

j u i c e s ,  wines, molasses, v inasses ,  were determined by h igh  per for -  
mance l i q u i d  chromatography (HPLC). The sugars  were sepa ra t ed  on 
Waters Sugar Pak column i n  the  Ca* form, using water  wi th  
calcium a c e t a t e  (20 mg/l) as the  mobile phase, and a f low rate of 
0,5 ml/min. The column w a s  heated t o  90°C and t h e  sugars  were de- 
termined using r e f r a c t i v e  index. 

Reproducible sample prepara t ions  were proposed, accord ing  t o  
the  product. Prepara t ion  and ana lys i s  requi red  35 minutes. Resu l t s  
were compared with o the r  a n a l y t i c a l  methods. 
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60 DUARTE-COELHO, DUMOULIN, ANT) GUERAIN 

INTRODUCTION 

In t h e  las t  y e a r s ,  e t h a n o l  became a n  important  e n e r g e t i c  pro- 
duct  and i t  is j u s t i f i e d  t o  opt imize  i t s  product ion.  

Alcohol ic  fe rmenta t ion  of sugared j u i c e s  produced from b e e t s  
and graps or molasses ,  g i v e s  a wine c o n t a i n i n g  7 t o  9 X vfv  etha-  
n o l ,  which w i l l  be d i s t i l l a t e d .  

The opt imal  product ion of a d i s t i l l e r y  is obta ined  by monito- 

r i n g  processes  and by e s t a b l i s h i n g  ba lances ,  t o  perform a good 
g e s t i o n  of material and energy. 

I n i t i a l  s a c c h a r i d e  conten t  g ives  t h e  p o t e n t i a l  a l c o h o l i c  pro- 
duct ion.  Sacchar ide ,  a c i d ,  a l c o h o l  c o n t e n t s  in t h e  f i n a l  p roducts  

( p r i n c i p a l  o r  by-product) inform about t h e  e f f i c i e n c y  of t h e  pro- 

cesses. During t h e  fe rmenta t ion ,  a n a l y s i s  of i n t e r m e d i a t e  products  
can inform about sugars  e v o l u t i o n ,  p o s s i b l e  anomalies  and provide  
a h e l p  t o  carry out  fe rmenta t ion  i n  t h e  most economical condi- 

t i o n s ,  before  d i s t i l l a t i o n .  
Most a n a l y t i c a l  methods need a long  sample prepara t ion .  Usual 

methods are : polar imet ry  f o r  saccharose  ; chemical  oxydat ion  f o r  
t o t a l  reducing s u g a r s ,  s i l y l a t i o n ,  o b t e n t i o n  (24 h)  of v o l a t i l  de- 
r i v a t e s  of t h e  d i f f e r e n t  s u g a r s ,  analyzed by gaz chromatography ; 
enzymatic oxydat ion of s u g a r s  and a l c o h o l s .  

Concurrent ly  t o  t h e s e  methods, w e  choose t o  s t u d y  high per- 
formance l i q u i d  chromatography. This  technique  permi ts  an e f f i -  
c i e n t  s e p a r a t i o n  of s u g a r s ,  sucrose ,  g lucose ,  f r u c t o s e  and alco-  

h o l s ,  g l y c e r o l ,  e thanol .  

Many works use  HPLC f o r  s u g a r s  d e t e r m i n a t i o n  in food products  
(1, 2 ,  3 ) ,  f r u i t s  ( 4 ) ,  cereals ( 5 ) ,  d a i r y  products  ( 6 ,  7) and in 
wines (8, 9 ) ,  b e e r s  and wor ts  in fe rmenta t ion  (10). Genera l ly  they 
used Aminex o r  Bondapak carbohydrate  columns, and as mobile 
phases, water or water + calcium sa l t  f o r  Aminex, and water + ace- 

t o n i t r i l e  f o r  Bondapak. Morawski (8) proposes  HPLC as a t o o l  t o  
determine k i n e t i c s  of t ransformat ion  of g lucose  i n t o  e t h a n o l ,  

us ing  a Sugar Pak columns and water as t h e  mobile phase. Prepa- 

r a t i o n s  of s t u d i e d  products  samples always need 20 t o  30 min, and 
15 min f o r  s e p a r a t i o n  and a n a l y s i s .  

The purpose of t h i s  work w a s  t o  develop a r a p i d  automatised 
method of sample p r e p a r a t i o n ,  before  t h e  s e p a r a t i o n  of s u g a r s  by 
HPLC, and t h e i r  q u a n t i t a t i v e  de te rmina t ion ,  in t h e  d i f f e r e n t  com- 
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SUCROSE, GLUCOSE, AND FRUCTOSE DETERMINATION 61 

p l e x  products  of d i s t i l l e r i e s .  R e s u l t s  are compared w i t h  o t h e r  
a n a l y t i c a l  methods : t o t a l  reducing s u g a r s  end s i l y l a t i o n .  

MATERIALS AND METHODS 

Apparatus 

High p r e s s u r e  l i q u i d  chromatograph : Waters Assoc ia tes  model 

Sugar-1 equipped w i t h  r e f r a c t i v e  index  d e t e c t o r  Waters R 401 
HPLC column : Sugar-Pak-I (Waters Ass.) ,  30 c m  x 4 mm i d  ; Ca 

form ; temperature  90°C 

HPLC i n j e c t i o n  va lve  : model Rheodyne (Waters Ass.)  wi th  
2 5 ) l  loop 

Automatic i n j e c t o r  : Waters-590 
Recorder : model Y-T "Omni-Scribe" 
Syringe : 1 ml c a p a c i t y  ; B-D, Yale Tubercul in ,  NO2027 (1YTL) 

Reagents 

Regenerat ing s o l u t i o n  : deionized  water (Amberlite MB-3 ana- 
l y t i c  Pro labo) ,  f i l t e r e d  under vacuum through 0,4 m Nuclepore 
membrane ; a d d i t i o n  of 200 mg/l ca lc ium acetate and 100 mg/l 
Thiomersal ( p r e s e r v a t i v e )  ; keeped a t  65OC and cont inuous ly  degas- 
sed by use of magnetic st irrer.  

Mobile phase : r e g e n e r a t i n g  s o l u t i o n  d i l u t e d  w i t h  de ionized  

and f i l t e r e d  water, t o  o b t a i n  a 200 mg/l calcium acetate solu-  
t i o n  ; flow rate 0,5 ml/min ; p r e s s u r e  60 bar .  

Sugars  and a l c o h o l s  s t a n d a r d s  : s u c r o s e ,  f r u c t o s e ,  g lucose ,  
e t h a n o l  a b s o l u t e  ( reagent  grade ,  Merck), g l y c e r o l  ( q u a l i t y  R.P., 
Pro l a b o  ) . 

Mixed Standard S o l u t i o n s  

Using de ionized  f i l t e r e d  water : 

I - 0,5 X w/v ( o r  0 . 5  g/100 m l )  of  each s u g a r ,  sucrose ,  g lucose ,  
f r u c t o s e  and g l y c e r o l  ; and 0 , s  % v/v ( o r  0,s m1/100 m l )  of e tha-  

nol .  
I1 - D i l u t i o n s  of I i n  water : 0 , 2 5  % ; 0 , 1  % ; 0,05 % ; 0,025 % ; 

0.01 %. 
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62 DUARTECOELHO, DUMOULIN, AND GUERAIN 

I11 - 13 % sucrose  ; 1 X glucose  and f r u c t o s e  (same p r o p o r t i o n s  a s  
a d i f f u s i o n  j u i c e ) .  
IV - 9 X v/v e t h a n o l  ; 1 X wfv g l y c e r o l  ; 0,02 4: w/v g lucose  and 

f r u c t o s e  (same p r o p o r t i o n  as a wine a f t e r  fe rmenta t ion  of t h e  d i f -  
f u s i o n  j u i c e ) .  
Prepared d a i l y  to e n s u r e  s t a b i l i t y  of  s t a n d a r d  s o l u t i o n s .  

Complex Products  of D i s t i l l e r y  

Beet j u i c e  ( o r  d i f f u s i o n  j u i c e ) ,  bee t  wine ( a f t e r  fermenta- 
t i o n ) ,  molass, v i n a s s ,  p i q u e t t e  : t h e s e  products  were congela ted  
dur ing  product ion t i m e  1983-1984. 

Classical  P r e p a r a t i o n  f o r  Complex Products  

To 100 m l  sample, add 10 m l  l e a d  s u b a c e t a t e  ( d e n s i t y  1.33 
k g / l )  ; decant ,  t h e n  add CaC03 (2 g) t o  p r e c i p i t a t e  lead  acetate 

excess  ; f i l t e r  on Durieux n03  paper .  Then pass  on ion exchanger 
r e s i n  (MB-3 Anal. Pro labo)  and f i l t e r  through M i l l i p o r e  membrane 
(Milex r 8 f .  185996 ; 0 , 4 p m ) .  

Opera t ing  Condit ions HPLC 

Rinse t h e  s y r i n g e  w i t h  sample, 3 times. Then, r i n s e  t h e  loop  

of  i n j e c t i o n  ( 2 O p l )  4 o r  5 times w i t h  sample (1 m l ) .  T h i s  is par- 
t i c u l a r l y  necessary between two d i f f e r e n t  i n j e c t i o n s  of samples 
c o n t a i n i n g  r e s p e c t i v e l y  1 and 0 , O l  X sugar .  

I n j e c t  2 0 p l  of  sample i n t o  chromatograph. Measure r e t e n t i o n  
times and peak h e i g h t s ,  and compare w i t h  t h o s e  obta ined  f o r  s tan-  
dard s o l u t i o n s .  

C a l c u l a t e  i n d i v i d u a l  sugar  ( o r  a l c o h o l )  conten t  i n  sample as 

sugar  % w/v= A . x . 100 fo l low : 
( o r  a l c o h o l  % v / v )  

H' 
where H and H' = t h e  peak h e i g h t s  of sugar  i n  sample and s tandard  

r e s p e c t i v e l y  
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SUCROSE, GLUCOSE, AND FRUCTOSE DETERMINATION 63 

x = I w/v sugar  in t h e  s tandard  s o l u t i o n  ( O K  X v/v  
a l c o h o l  ). 

Dai ly  o r  a f t e r  pass ing  0 ,5  t o  1 1 of mobile phase, r e g e n e r a t e  

column with r e g e n e r a t i n g  s o l u t i o n  flow 0,5 ml/min d u r i n g  5 h. 

RESULTS AND DISCUSSION 

Separa t ion  of Sacchar ides  and Alcohols  from Standard S o l u t i o n s  

With t h e  mixed s tandard  s o l u t i o n  I c o n t a i n i n g  0 ,5  X w/v su- 
g a r s  and g l y c e r o l ,  and 0 , 5  % v / v  e t h a n o l ,  w e  o b t a i n e d  t h e  separa-  
t i o n  shown in F i g  1. 

Retent ion  times (min) f o r  s u c r o s e ,  g lucose ,  f r u c t o s e ,  glyce- 
r o l ,  and e t h a n o l  were 7 , 3  2 0,2  ; 9.2 * 0,2 ; 1 0 , 3  1 0,3  ; 
11,8 ? 0,2 ; 12,7 f 0,3 r e s p e c t i v e l y .  Peak h e i g h t s  measured f o r  10 
i n j e c t i o n s  g i v e  a r e l a t i v e  e r r o r  i n f e r i o r  t o  1,5 X .  

For s e v e r a l  d i l u t i o n s  of s o l u t i o n  I ,  w e  o b t a i n e d ,  by p l o t t i n g  
peak h e i g h t s  versus  component conten t  ( F i g  2 ) ,  a l i n e a r  v a r i a t i o n  

of h e i g h t  in t h e  range 0,Ol t o  0,5 % w/v f o r  s u g a r s  and 0,Ol t o  
0 ,5  % v / v  f o r  a l c o h o l s .  0,Ol X was t h e  minimum l e v e l  of each sugar  

and a l c o h o l  t h a t  could be q u a n t i f i e d  wi th  t h e  exper imenta l  condi- 
t i o n s .  

Separa t ion  of Sacchar ides  and Alcohols  from Complex Products  

A f t e r  submi t t ing  samples t o  "classical prepara t ion" ,  w e  in- 
j e c t e d  prepared sample s o l u t i o n  in t h e  chromatograph. For  each 
d i f f e r e n t  product ,  w e  prepared a s tandard  sample wi th  similar 
sugar  and a l c o h o l  c o n t e n t s ,  t h a t  gave peak response 5 10 X of 
sample peak response.  Standard s o l u t i o n  111 was used f o r  d i f f u s i o n  
j u i c e  and I V  f o r  bee t  O K  molass wines,  and f o r  molass v inass .  

Beet Wine 
It was necessary  t o  use  d i f f e r e n t  s e n s i b i l i t i e s  t o  d e t e c t  

s u g a r s ,  g lucose  and f r u c t o s e  (0,02 X w/v) and e t h a n o l  (9 % v / v ) .  
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G 
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P K-  - - - - - - - - 2  

13 rnin 0 

FIGURE 1. Separa t ion  of sucrose  (S ) ,  glucose (G), f r u c t o s e  (P), 
g l y c e r o l  (P), e t h a n o l  (E) ,  from s tandard  s o l u t i o n s  (5 mg/ml S ,  G ,  
F, P ; 5 d / m l  E) on Sugar Pak, Ca* form. 
Temperature 90°C ; p r e s s u r e  60 bar ; mobile phase : water + 
20 mg/l calcium acetate ; f low rate 0,5 d / m i n  ; d e t e c t o r  Waters 
r e f r a c t i v e  index  (16X). 

Retent ion times (min) f o r  glucose,  f r u c t o s e ,  g l y c e r o l  and e thanol  
were 8,7 ; 10,8  ; 12,7 ; 13,3 r e s p e c t i v e l y  (6 min f o r  r a f f i n o s e ) .  

For sugars ,  w e  were a t  t h e  minimum d e t e c t i o n  l i m i t  values .  
With t h e  s e n s i b i l i t y  32X, we obta ined  v a r i a b l e  peak h e i g h t s  f o r  
e thanol  (3 i n j e c t i o n s  : 245, 235, 185 mm) but  cons tan t  f o r  glyce- 
r o l  (60 k 1 mm). 

Ethanol  is a v o l a t i l e  component, so i t  would be better t o  use  
an automatic  i n j e c t i o n  f o r  q u a n t i t a t i v e  de te rmina t ions .  

Di f fus ion  J u i c e  
S t a b l e  r e t e n t i o n  t i m e s  (min) f o r  sucrose ,  glucose,  f r u c t o s e  

(7,3 ; 8,6  and 10,3 r e s p e c t i v e l y )  were observed. Peak h e i g h t s  mea- 
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2oo 1 PEAK HEIGHT 

( m m )  

150 t 
COMPONENT CONTENT 

FIGURE 2. Peak h e i g h t  f o r  d i l u t i o n s  of  s t a n d a r d  s o l u t i o n  (5mg/ml 
S ,  C ,  F ,  F ; 5 m l / m l  E ) .  

sured  f o r  5 i n j e c t i o n s  showed a r e l a t i v e  v a r i a t i o n  i n f e r i o r  t o  

1 X .  With s tandard  s o l u t i o n  111, d i l u t e d  t o  o b t a i n  6 , 5  X: w/v su- 
c r o s e ,  and s e n s i b i l i t y  32X, w e  c a l c u l a t e d  t h e  sample c o n t e n t s  : 

sucrose  6 , 7  X ,  glucose  1,8 X ,  f r u c t o s e  1 , 5  X ,  and g l y c e r o l  0 , l  X .  
Probably sucrose  was p a r t i a l l y  consumed d u r i n g  s t o r a g e  ; g l y c e r o l  

w a s  conta ined  i n  v i n a s s ,  used i n  t h e  process  as a d i f f u s i o n  di-  

l u e n t  . 

Comparison with o t h e r  Methods 

Q u a n t i t a t i v e  r e s u l t s  were compared v i t h  those  obta ined  f o r  
t o t a l  reducing s u g a r s  by chemical  de te rmina t ion ,  and f o r  each su- 

g a r  by s i l y l a t i o n  (TMS d e r i v a t i v e s  and GLC). 
The d i f f e r e n t  chromatograms o b t a i n e d  f o r  t h e  d i f f e r e n t  pro- 

d u c t s ,  beet  wine, p i q u e t t e s ,  molass wine and molass v i n a s s  are 
shown on Fig. 3 and t h e  c a l c u l a t e d  sugar  c o n t e n t s  are p r e s e n t e d  in 
Table 1. 
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66 DUARTECOELHO, DUMOULIN, AND CUERAIN 

TABLE 1 
Comparison of Sugars  Contents  (% weight /volume) 

determined by D i f f e r e n t  Methods 

(G : glucose  ; F : f r u c t o s e  ; ST : G+F = t o t a l  s u g a r s )  
( p i q u e t t e  : by-product of  grape  - wine p r e p a r a t i o n )  

HPLC (16X) SILYLATION TOTAL 
PRODUCTS REDUCING 

G F ST G F ST "SUGARS '* 

BEET WINE 0,02 0,02 0,04 0,06 0,05 0,11 0,18 

1 0,42 0,42 0,84 0,41 0,34 0,75 194 
"PIQUETTES" 2 0,11 0,33 0,44 0,11 0,34 0,45 0 ,72  

3 0,11 0,27 0,38 0,06 0,07 0,13 0 ,56  

MOLASS WINE 0,15 0,28 0.43 0,03 0,34 0,37 0,61 
MOLASS VINASS 0,17 0,21 0,38 0,04 0,07 0,11 1,03 

Each HPLC v a l u e  was a mean va lue  o b t a i n e d  from two "classi- 
cal"  sample p r e p a r a t i o n s ,  each prepared sample be ing  i n j e c t e d  5 

t i m e s .  
The r e l a t i v e  v a r i a t i o n  of d i f f e r e n t  s u g a r  c o n t e n t  determina- 

t i o n s  was 10 X .  

Chemical method gave r e s u l t s  by excess : not o n l y  t h e  s u g a r s ,  
but a l l  t h e  reducing subs tances  were concerned. 

R e s u l t s  of s i l y l a t i o n  and HPLC methods were in good agreement 
i f  w e  considered t h e  very  low l e v e l  of sugar  conten t  determina- 
t i o n .  

For t h e  wines, w e  a l s o  obta ined  peaks corresponding t o  e tha-  
nol and g l y c e r o l ,  but t h e  h e i g h t s  were not c o n s t a n t  f o r  e thanol .  

These r e s u l t s  showed us  t h a t  i t  was p o s s i b l e  t o  s e p a r a t e  and 

determine q u a n t i t a t i v e l y  s u g a r s  in complex products .  But t h e  
"classical sample p r e p a r a t i o n "  l a s t e d  one hour ,  which is a s h o r t  
t i m e  compared w i t h  t h e  s i l y l a t i o n  method, but  s t i l l  too  long  t o  
l e a d  t o  a r a p i d  au tomat ic  method. 
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FIGURE 3.  Chromatograms of complex products : c l a s s i c a l  prepara- 
t ion .  HPLC conditions of Fig. 1 (16X). 
S t  : standard (E : 9 % v/v ; P : 1 % w/v ; G, F : 0,02 % w/v) ; 
1 : beet wine ; 2 ,  3 ,  4 : piquettes ; 5 : molass wine ; 6 : molass 
vinass 
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68 DUARTE-COELHO, DUMOULIN, AND GUERAlN 

Modified Sample P r e p a r a t i o n  

We proposed two methods, according t o  t h e  sugar  conten t  : 

A - f o r  t h e  products  wi th  a sugar  conten t  i n f e r i o r  t o  0 , 5  % w/v, 
apply t h e  classical p r e p a r a t i o n  u n t i l 1  t h e  a d d i t i o n  of CaC03 ; 

then  add 60 g of r e s i n  Amberl i te ,  shake 5 min, c e n t r i f u g e  10 min 
and f i l t e r  on M i l l i p o r e  membrane (Mil lex 0 ,4  p m ) .  

B - f o r  t h e  products  wi th  a sugar  conten t  s u p e r i o r  t o  0 , 5  % w/v, 

d i l u t e  a 10 ml sample t o  100 m l ,  then  add 10 g r e s i n  (Amberlite 
MB-3) shake 5 min, c e n t r i f u g e  10 min and f i l t e r  s u p e r n a t e  on 
M i l l i p o r e  membrane (Mi l lex  0,4 p m ) .  

Sample p r e p a r a t i o n  A was used f o r  d i f f e r e n t  products .  Except 
f o r  beet wine, t h e  o t h e r  products  were d i l u t e d  (x 10) before  pre- 

p a r a t i o n  (Fig. 4) .  Standard s o l u t i o n s  and samples were submit ted 

t o  t h e  same p r e p a r a t i o n  and a l l  of them were i n j e c t e d  s e v e r a l  
times. 

Resul t s  are r e p o r t e d  Table 2. The r e l a t i v e  v a r i a t i o n  of peak 

he ight  measure was 10 %, f o r  a l l  t h e  i n j e c t i o n s .  

TABLE 2 

Sample P r e p a r a t i o n  A used f o r  d i f f e r e n t  Products  

Numbers TOTAL 
PRODUCTS of HPLC REDUCING 

i n j e c t i o n s  S G F Tot. "SUGARS " 
BEET W I N E  8 - 0,05 0 ,08  0,13 0,18 

(16x1 

(4x1 

(8x1 

PIQUETTE 3 - 0,31 0,31 0,62 1,38 

MOLAS S WINE 2 - 0,65 0 ,61  1,26 0,61 

DIFFUSION J U I C E  8 11,7 3 , l  2 , 3  1 7 , 7 *  15,Ol 

* sucrose  c a l c u l a t e d  as glucose equiva len t  
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FIGURE 4. Chromatograms of complex products : modified prepara- 
tion A. NPLC conditions of Fig .  1. 
St : standard (4X) (E : 9 % v/v ; P, G, F : 1 % w/v) ; 1 : beet 
wine (4X) ; 2 : piquette (8X) ; 3 : molass wine (SX) ; 4 : diffu- 
s ion juice (8X). 
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70 DUARTECOELHO, DUMOULIN, AND CUERAIN 

During sample p r e p a r a t i o n  A ,  w e  observed,  by comparing f i l -  
t r a t i o n s  through membranes M i l l e x  M i l l i p o r e  (0,4 ,hm)and Sep-Pak 
Waters (50 m), t h a t  f r u c t o s e  seemed t o  be r e t a i n e d  on M i l l e x  more 

than  on Sep-Pak. 5 samples were f i l t e r e d  through each membrane, 
g i v i n g  f r u c t o s e  c o n t e n t s  i n  wine 0,05 X (i 0,Ol) (Sep-Pak) ; but 
M i l l e x  f i l t r a t e s  were clearer. 

P 

Sample p r e p a r a t i o n  B was used f o r  f i v e  samples of  t h e  same 
p i q u e t t e .  Then each sample was i n j e c t e d  5 t i m e s .  Standard s o l u t i o n  
was prepared i n  t h e  same way and i n j e c t e d  5 times. R e s u l t s  are re- 
por ted  Table  3. 

By Grubbs t es t ,  wi th  a 95 % p r o b a b i l i t y  w e  could say t h e r e  

was no a b e r r a n t  va lue  f o r  each 5 i n j e c t i o n s  groupe. 
Reproducib i l i ty  was good f o r  t h e  p r e p a r a t i o n  B, used f o r  t h e  

very low sugars  conten ts .  

Each method, A o r  B can be r e a l i z e d  i n  a t i m e  i n f e r i o r  t o  20 
minutes. 

Added Sugars Recovering ( p r e p a r a t i o n  B )  

The accuracy of  t h e  method w a s  a s s e s s e d  on t h e  b a s i s  of reco- 
very of sugars  added t o  t h e  sample, p r i o r  t o  t h e  p r e p a r a t i o n .  

Essays were performed both on s tandard  s o l u t i o n s  and complex pro- 

d u c t s  : 
- i n  t h e  range 0,05 % of each sugar  f r u c t o s e  and g lucose ,  a f t e r  
adding q u a n t i t i e s  i n  t h e  same o r d e r  of  magnitude, w e  ob ta ined  
99,9 X recovery 

- f o r  g l y c e r o l  and e t h a n o l  i n  t h e  range 0,4 X w/v and 6,3 % v/v  
r e s p e c t i v e l y ,  w e  ob ta ined  98 and 97 X recovery.  T h i s  method could  
be used f o r  a l c o h o l  determinat ion.  

Study of t h e  d i f f e r e n t  S t e p s  of t h e  P r e p a r a t i o n s  

With melass wine sample, a very complex product ,  s t i l l  con- 
t a i n i n g  y e a s t s  (2,5 %), w e  t r i e d  t o  e q p l a i n  the p a r t  played by 
each s t e p  of prepara t ions .  We obta ined  t h e  f o l l o w i n g  r e s u l t s  : 
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SUCROSE, GLUCOSE, AND FRUCTOSE DETERMINATION 71 

TABLE 3 
R e s u l t s  of 5 sample P r e p a r a t i o n s  B f o r  P i q u e t t e  

Average of 5 i n j e c t i o n s  
(G : Glucose ; F : f r u c t o s e  ; P : g l y c e r o l  ; E : e t h a n o l )  

~~~~~~ 

PRODUCTS G % w/v F % w/v P % w/v E % v/v 
STANDARD 0,41 0,46 0,69 3,20 

SAMPLES 1 0 , 5 2 + 0 , 0 6  0,47?0,04 0,96 20,05 3,45+0,6 

2 0 , 5 3 - t 0 , 0 2  0,45'0,02 0 ,90*0 ,02  3,11*0,4 

3 0 , 5 1 ? 0 , 0 1  0,43* 0,Ol 0,86?0,03 3 , 1 1 c 0 , 3  
4 0,50f0,01 0 ,44+0 ,02  0 ,87+0 ,02  3,26*0,5 

5 0 , 4 8 * 0 , 0 1  0 ,41 - f0 ,01  0,85*0,01 3,112 0 , 4  

MEAN VALUE 0,51 0,44 0,89 3,21  

- t h e  f i l t r a t i o n  of pure of d i l u t e d  (1/10)  melass wine through a n  

o r g a n i c  membrane (Mi l lex  r e f .  185 996 0 , 4 p m  o r  M i l l e x  CS 0,22,Lm) 
o r  a minera l  membrane ( 0 , 2  / a n )  gave numerous and unsepara ted  peaks 

- t h e  t rea tment  of  pure o r  d i l u t e d  (1/10)  melass wine w i t h  r e s i n  
(Amberl i te  MB3) gave wel l -separated peaks of  f r u c t o s e  and glucose.  

The r e s i n  seems t o  be t h e  p r i n c i p a l  element of t h e  p r e p a r a t i o n  but  
some peaks must be e l i m i n a t e d  t o  p r o t e c t  t h e  chromatographic  
column 

- t h e  t reatment  of d e f e c a t i o n  wi th  lead  s u b a c e t a t e  o r  l e a d  ace- 
ta te ,  e l imina ted  head and t a i l  peaks, but had a n e g a t i v e  e f f e c t  on 
f r u c t o s e  and g lucose  peaks ( r e t e n t i o n  o r  peak appearance) .  On t h e  
o t h e r  hand, t h e  f i l t r a t i o n  on minera l  membrane (40 2) p e r m i t t e d  t o  

e l i m i n a t e  head and t a i l  peaks,  and t o  p r e s e r v e  f r u c t o s e  and glu- 
cose  peaks. In t h i s  l a s t  case, i t  was not necessary  t o  d i l u t e  t h e  

wine. 

A l l  t h e s e  o b s e r v a t i o n s  l e a d  us  t o  propose two p o s s i b i l i t i e s  
of  p r e p a r a t i o n  : 

- t h e  use  of t h e  p r e p a r a t i o n  B ,  wi thout  c e n t r i f u g a t i o n  
- a n  automated p r e p a r a t i o n  where t h e  product  (without  d i l u t i o n )  
could  be f i l t e r e d  through a minera l  membrane (40 i), passed on re- 
sin, then through a s imple f i l t e r  t o  avoid  t o  c a r r y  r e s i n  p a r t i -  
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72 DUARTECOELHO, DUMOULIN, AND GUERAIN 

cles towards t h e  chromatographic column. In less than 5 minutes ,  
t h e  sample would be ready t o  be analyzed by HPLC (25  to  30 min). 

CONCLUSION 

HPLC could be a n  a n a l y t i c a l  ins t rument  t o  monitor  s u g a r s  evo- 

l u t i o n  in d i s t i l l e r y  processes .  

S p e c i f i c  p r e p a r a t i o n s  were t e s t e d  f o r  d i f f e r e n t  complex pro- 
duc ts .  T o t a l  t i m e  f o r  one a n a l y s i s  was about  35 minutes. The pre- 
p a r a t i o n  methods proposed i n  t h i s  paper ,  vere reproducib le ,  i n  
good agreement wi th  o t h e r  classical methods, and could  r e a d i l y  be 

automated. 
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