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A RAPID DETERMINATION OF SUCROSE AND 
FRUCTOSE IN BIOLOGICAL SAMPLES BY 

VIDEO DENSITOMETRY 

Bela Lenkey, Julia Cshyi, and Pal N h b i  
Biochemical Institute 
L. Kossuth University 

Debrecen H-4010, Hungary 

- ABSTRACT 

Slir.ple, r a p i d  methods which hzve been developed for 
t h e  s e p a r a t i o n  ar,d qvant i f ' i c t i t ion  of  s u c r o s e  acd 
f r u c t o s c  i n  b i o l o g i c a l  mater . ia ls  a r e  p re sen ted .  Tile 

method u s e s  t h i n  l a y e r  chromatogrzphy. The saccha- 
- I d e s  ai-e s t a i n e 6  wi th  thyxo l - r eagen t  on t h e  chro- 
matogranis. The q u z n t i t a t i v e  d e t e r a i n a t i o n  cf red 
s p o t s  of' s a c c h a r i d e s  a r e  performed wi th  B Telechrom 
v ideo  aens i tome te r .  Tile d e n s i t y  of  t h e  s p o t s  a r e  
d i r e c t l y  p r c p o r t i o n a l  t o  t h e  ccn . cen t r a t ion  of t h e  
s a c c h a r i d e s  i n  s c e r t a i n  r .mge .  The s a c c h a r i d e s  con- 
t e n t  o f  t h e  sample nay be determined b:ith a standard 
curve  on t h e  szme chrom. tograns .  The r e p r o d u c i b i l i t y  
of t h e  methods a r e  c h a c a c t e r i z e d  E!y a c o f f i c i e n t  o f  
- J a r i a t i o n  cf abou t  4 - 5 $. 

Copyright 0 1986 by Marcel Dekker, Inc. 
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1870 

I N  TROCUC TION ---- 

LENKEY, CSANYI, AND NANASI 

Determinat ion of s a c c h a r i d e s  i n  b i o l o g i c a l  r n e t e r i a l s  
i s  ve ry  im:Jortant e s p e c i a l l y  i n  t h e  food  I n d u s t r y ,  
where tl;e p r o f i t  depsnds on t h e  suga r  conten-t  o f  b io-  
l o g i c a l  n z t e r i z l s ,  for e x m p l e  in su.gar i"6c t o r i e s .  
It i s  essen-i ; ia l  t o  k.now t h e  siAigur or m c c h a r i d e s  con- 
t e n t  of r eady  r,ad.e p roduc t s  beca.use E I ~  heal - th  consid-  
e r a t  ions .  
The c l a s s i c a l  gas - l iqu id  chromatography u e i l i z e d  d i f -  
f e r e n t  d e r i v a t i v e s  of s a c c h a r i d e s  /1,2/. These ireth- 
d e s  provide  g r e a t  s e n s i v i t y  f o r  t h e  d e t e c t i o n  o f  
sac c h a r i d e s  b u t  t hey  6 . m  c o n p l i c a t e d  and  expensive.  
Th e s B in e when high-  p e r f o mail c e 1 i qu i d  c 1-lr o ma t o graph y 
technique?,  a r e  used. 
A s imple aethod. enploys  t h i r ,  l a y e r  chromatcgraphy to 
s e p a r a t e  t h e  s a c c h a r i d e s  a.nd thyniol-Teagent for de- 
t e c t i o n  an.d q u a i i t i f i c a t i o n  by video  clenslto:xst:*y. 
The? m t h o d  was appl iec!  t o  q u a c t i f y  t h e  sucrose-con- 
t e n t  o f  sugar -bee ts  and f r u c t o s e - c o c t e n t  of rl iff+erer;t  
canned. f r u i t s  arid > a m .  

REACIEKTS AND MATERIALS - 
Merck 5554 K i e s e l g e l  G t h i n  l a y e r  p l s t e s  /'lox10 en,/ 
were -used t o  s e p a r a t e  t h e  s a c c h a r i d e  componen:s. 
For detec t ior ,  of s p o t s ,  t h e  chromatogrems w6re a i r  
d r i e d  2nd sprayed uz ing  a s o l u t i o n  of  thyno1 /9OC Lig/ 

i n  ethaE.01 /35 ml/ arid s c l f u r i c  a c i d  /? mi/. 
A l l  r e a g e n t s  for t h e  p r o c e s s  were purchased  from Rea- 
n a l  /Hungary/. 
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SUCROSE AND FRUCTOSE IN BIOLOGICAL SAMPLES 1871 

App a3'a tus 

The s p o t s  of saccha- r ides  wsre q u a n t i t a t e d  b y  Tele- 

chroci  OE 4175 t y p e  v ideo  dens i to : ce t e r  i n  r e f l e c t i o n  
mode. 'The working pr . i r ic iple  of' t h i s  i n s t r u m m t  L E S  

been descri '3ed / 3 / .  

Th i n  1 ag 2 IC c lir o rn a t  o graph:{ .- 
The: s ta i idard aqueous s o l u t i o n s  of s a c c h a r i d e s  /4-8 
mg/ml/ were spo'.;ted /2-2 fll a l i q u o t s /  w i t h  ;I s p c c i d  
mic rop ipe t t e .  2 f i l  of  sample was a p p l l e d  to l a y e r s  
S o s i d e  t k e  s ->o t s  of t h e  s ta i idzrd  s o l u t i o n s .  P!-a-;es 
were clcvelopeu a.t  room tempera ture  a t  a d i s t a c e  
8-8,5 cm beyozd -;;he c r i g i n  l i n e  ivhen u s i n g  t h e  fol- 
lowing sys tern:;. 
Det el i jping sye- ten f o r  sucrose : 
1st system: 

e t h y l a z e t a t e  : 2-propanol : wate r  - 6 : 3 : 1 
DeveJ.opj.ng sys-tern f o r  fr~ctose: 
2 r d  system: 
2-paL>psnol: 1 - ~ u t a n o l :  0,5$ b o r i c  a c i d  i n  water-?: 3 :  2 
3rd  system: 
l - b u t a ~ o l : a c e t o f i e : O , ~ $  b o r i c  a c i d  ir: water-4:5:1 
The p l a t e s  were developed t o  de te rmine  t h e  suc rose  i n  
20 niinu-tes u s i n g  the 1st system. I n  c a s e  or" determi-  
nai-Lon of f r u c t o s e ,  a t  fi:-st t h e  pla2es  we^^ d m e l -  
oped  i n  t h e  2nd s y s t e x  i n  EO minutes  and t h e n  t h c  
p l a t e s  were air d r i e d  and developed ir- the 3rd  sys- 
tern for 20 ininutss.  
% o r  d e t e c t i o n  t h e  c l ~ r o n a t o g i ~ a a s  were a i r  d r i e d  m d  
s t a i n e d  u i t h  thyfiiol-reagent. Every t i n e  t h e  plates 
were sprayec' wi th  equal  vo1ur.e of thymol-reagent arid 

then were ? l aced  <.n a 120-125 OC over- for 10-15 m i -  
nu t e s .  
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1872 LENKEY, CSANYI, AND NANASI 

RES'JLTS AND D Z S W S S I C N  

bJe used ':he 1st system ';o separb. te  t h e  s m r o s e  k o m  
othl3r s accha r ides .  The Rf Values  arid s p c t  colors a r e  
.-:hewn i-a Table I. 
The sucrose  was d e t e c t e d  as r e d  s p o t s ,  t h e  color 
which is  t h e  a o s t  sui ta.ble f c r  v ideo  dens i toK-e t r ic  
ij.etermin.ation w i t h  'i'elechrom OE 975. Y-.e c c  ILiSration 
p l o t  f o r  s1.1.crose was l i n e a r  i n .  t h e  13 - 16 pg range.  
The c a l i b T a t i o n  curves / F i g i r e  1./ were qui . te  repro-  
d u c i b l e  and l i n e a r  i n  t h i s  range.  However t h e  va lue  
of' der !s i ty  o f  t h e  same s p g t s  i s  d i f f e r e n t  f r c x  chro-  
xatogrnrr to chromatcgram. The v a l u e  of  d e n s i t y  d.e- 
pends OF :;he amount cf  thymol-reagent used, t h e  tem- 
p e r a t u r e  o f  the oven and the  t ime of de t ec t io r i  O F  
sgots. Therefore ,  we made a c a l i b r a t i o n  c u r c e  i n  t h e  
same time 2nd on t h e  same p l a t e  wi th  all t h e  saxples 
/1;';cture I./. 

Table I. 
Rf v a l u e s  and s p o t  colors o f  some s a c c h s r i d e s  on 
K i e s e l g e l  G l a y e r  cieveloped 1st system arid d e t z c t e d  
d i t h  thymol-reagent.  

Saccha r ides  

r a f f i n o s e  
suc  ro s e 
g a l a c t o s e  
g luc  o s e  
f r u c t o s e  
arab i n  o se 
xylose  
rhamno s e  

C o l o r  Rf 

0,05 red- b r  o wn 
0,13 red-  b r o wn 
0,16 r e d  
0,20 Ted 
0,24 r e d  
0,30 t l u e  
0,36 b l u e  
0,145 yel low 
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SUCROSE AND FRUCTOSE IN BIOLOGICAL SAMPLES 1873 

E'igurc 1. Calibration cLi;r';re o f  s u c r o s e  

Suc rose  standards Samples 

F'cture I. The suc rose  standards and samples  on t h e  
chroma t ograrn . 
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1874 LENKEY, CSANYI, AND NANASI 

Or! the saxe p l s t e  we i n v e s t i g a t e d  t h e  r e p r o d u c i b i l i t y  
cf t h e  method, when seven 12 u.g s p s t s  of suc rose  were 
s p o t t e d  on the p l a t e .  Tl-.e p l a t e  was developed ,  air 
d r i n d ,  spra.yed and measured wi th  v ideo  d e n s i t o m e t r ~ .  

The r e p r o d u c i b i l i t y  of  t h e  method i s  c h a r a c t e r i z s d  b:/ 

a c c r ' f i c i c n t  of v a r i a t i o n  o f  about  4. - 5%. I n  c a s e  of 
deterrnina5ion of  -"ructose we used tk.e 2n.d aml 3rd 
s;Jstsrr!s. I n  t h e s e  systems Rf val-ues  a r e  showr, i n  
Table 11. 

The f ruc tosz -con ten t  x a s  det lzrnined i n  t h e  same ~ z y  as 
sucrose .  The c a l i b r a t i o n  >lot for f r u c  t o s s  Twas l i n e a r  
i n  t h e  8 - 1€ )tg range.  The s p o t  of f r u c t o s e  i s  l i - t t l e  
d i f f u s e d  b u t  i n  s 3 i t e  o f  i t  t h e  methoc! i s  r e p r o d u c i b l e .  

Tnese rcc3thod.s were employed t o  q;anti ta t e o f  suc rose  i n  
sugm-bee ts before  t h e  suga r  would have been remo?les 
frcm i t ,  and we c o n t r o l e d  f r u c t o s c - c o n t m t  of' d i f f e r -  
e n t  b o t t l e d  fruit made for d i e b o t i c  2 a t i e n t s .  

Table  11. 

Rf v a l u e s  of s o m  s a c c h a r i d e s  on k i e s e l g e l  C- l a y e r .  
'Tho p i s t e s  were developed i n  the 2nd sjrsterG and a i r  
d r i e d  and a g a i n  developed i n  t h e  3rd  system. 

Rf /xy lose /  Saccha r ides  

xy lose  1,oo 

glucose  0,80-0,84 
g a l a c t o s e  0,794 9 84 

s u c r o s e  o,a3-0,97 

f r u c t o s e  o , ~ - o ,  Ga 
raff  i n o s e  0,40-0,45 
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SUCROSE AND FRUCTOSE IN BIOLOGICAL SAMPLES 1875 

SUMMARY 

T h i n  l a y e r  chromatcgraphy w i t h  v i d e o  d e n s i t o m e t r y  
p ~ o v l d e s  r a p i d  i n f o r m a t i o n  on the q u a l i t y  o f  x c r o s e  
c r  f r u c t o s e  i n  b i c i o g i c a l  samples .  
Advsntages  o f  t h e s e  methods a r e  s i m p l i c i t y  and speed .  
Many samples  c a n  be anal j rsed w i t h  the  standaeds i n  

pa - ra l l e l .  
The r e p r o d u c i b i l i t y  o f  tkie method i s  s i l i t s b l e  t o  dc- 
t e r m i n e  t h e  s u c r o s e  or f r u c  t o s e - c o n t e n t  o f  i2iologj.- 
c a l  n a t e r i a l s .  
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