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ABSTRACT 

The l e n g t h  of s e r v i c e  o f  amine modif ied s i l i c a  columns f o r  
t h e  automated a n a l y s i s  o f  carbohydra tes  i n  food and beverages 
t y p i c a l l y  exceeds 500 sample i n j e c t i o n s .  Excessive accumulat ion 
of carbohydra te  i n  t h e  r e c i r c u l a t e d  e l u e n t  r e s u l t s  i n  a g r a d u a l  
d e c r e a s e  i n  peak h e i g h t .  Detec tor  response  i s  independent  of 
i n j e c t i o n  volume over  t h e  range of 1-50 p l .  These r e s u l t s  
s u g g e s t  c r i t i c a l  parameters f o r  use i n  automated carbohydra te  
a n a l y s i s  systems.  

a n a l y s i s .  
Key words: Eluent  r e c y c l i n g ,  HPLC, carbohydra te ,  automated 

INTRODUCTION 

The development o f  methods for  the a n a l y s i s  o f  carbohydra tes  

u s i n g  h i g h  performance l i q u i d  chromatography (HPLC) i n  chemical  
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1140 LEE ET AL. 

and biological research and the food industry has received 

considerable attention in the last five years (1,4,8,9). HPLC 

techniques are particularly attractive for carbohydrate analysis 

because they allow rapid, simultaneous separation and quantitation 

of sugars and polyhydric alcohols without sample derivatization. 

Further, HPLC methods lend themselves to automated analysis systems 

which are highly desirable in multiple sample and quality control 

applications. 

Ion exchange columns offer a useful and sensitive means of 

carbohydrate analysis, however, their use requires extensive sample 

clean-up and they are relatively short-lived. In a recent report a 

technique was described (6) for the analysis of soluble carbohydrates 

using amine modified radially compressed silica columns and eluent 

recirculation. This report provides an extension of that study by 

evaluating column life and assessing the import of eluent recircu- 

lation. Specific suggestions for the use of amine modified silica 

columns in automated systems are provided. 

MATERIALS AND METHODS 

Equipment 

The HPLC system consisted of a Waters Model R401 differential 

refractometer, a Model 6000A pump, Model 710B WISP automated 

injection system and Model 730 Data Module. A Radial-Pak B silica 

cartridge (10cm X 8mm ID) (10l.I particle size) was employed in a 

Radial Compression Module in conjunction with an inline filter 

( 2 ) ~ ) .  The column was first conditioned with 50ml of acetonitrile: 

water (70:30) containing 0.1% (v/v) tetraethylenepentamine (TEPA), 

pH 9.0 at a flow rate of 2ml/min. Then the final recirculating 

eluent of acetonitrile: water (81:19) containing 0.02% TEPA (v/v) 

(pH 9.0) was introduced and the system allowed to equilibrate 

(2-6 hrs) as detailed elsewhere (6). 

Standards containing 5 pg/ul of carbohydrates and polyhydric 

alcohols dissolved in water were run following every 15-20 
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ELUENT RECYCLING AND COLUMN L I F E  1141 

i n j e c t i o n s  of  sample. Eluent flow r a t e  w a s  2 o r  4 ml/min. All 

sample p repa ra t ions  ended with f i l t e r i n g  through a 0.45um pore f i l t e r  

(Mi l l ipore  f i l t e r  type: HAW). Reproducib i l i ty  of  peak he igh t  

was g r e a t e r  than 98%. 

The modified s i l i c a  column w a s  considered expended when 

back p res su re  reached 2000 psi and/or r e so lu t ion  of peaks 

remained poor after r eve r s ing  and backflushing t h e  column. 

Sample Prepara t ion  

Cereal (sugar coa ted)  - Kel logg ' s  Fros ted  Flakes (0.5 g )  

were homogenized i n  4ml of d i s t i l l e d  water using a t e f lon -g la s s  

pedes t a l  homogenizer, cen t r i fuged  f o r  10  minutes (ca.  900 rpms),  

t h e  superna tan t  decanted and the  p e l l e t  discarded. Three m l  o f  

70% e thanol  were added and t h e  mixture cent r i fuged  a t  4,000 r p m s  

f o r  10  minutes. The superna tan t  w a s  passed through a Sep-Pak 

C18 c a r t r i d g e  following pre t rea tment  of  t he  c a r t r i d g e  by pass ing  

2 r n l  methanol through t h e  Sep-Pak. The sample was then run through 

t h e  Sep-Pak and t h e  f i r s t  m l  (dead volume) was discarded. 

Corn syrup - Karo syrup was d i l u t e d  (1:9) wi th  water and f i l t e r e d .  

Beverage (Sof t  d r i n k ) :  Canada D r y  Tah i t i an  Treat F r u i t  Punch was 

d i l u t e d  (1:l) and f i l t e r e d .  

Beverage - Fermented wine s tock  w a s  f i l t e r e d  only .  

R E S U L T S  AND DISCUSSION 

Column L i fe  

Column longevi ty  w a s  i n v e s t i g a t e d  by making up t o  500 sample 

i n j e c t i o n s  f o r  each of  4 beverages o r  foods (Fig.  1). The e x t e n t  

of  column l i f e  w a s  no t  reached f o r  the c e r e a l ,  soft  dr ink  or corn 

syrup samples because t h e  r e s o l u t i o n  of  t h e  carbohydrates was 

maintained through t h e  500th i n j e c t i o n  when each tes t  w a s  terminated. 

Using t h e  fermentation s tock  t h e  column f a i l e d  after 80 i n j e c t i o n s  
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CEREAL 

CORN a Y R w  FERMENTATION 

I 1111 I 1 
0 10 0 10 

RETENTION TIME (min) 

Fig. 1 Sample chromatograms of polyols and sugars separated 

using a 10 p s i l i c a  column (10 c m  X 8 mm I.D.). 

Elution solvent - a c e t o n i t r i l e :  H20: TEPA (81:19:0.02), 

pH 9.0, flow r a t e  = 4 ml/min., 700-800 p s i .  

1. water f ron t ,  2 .  glycerol,  3 .  f ructose,  4 .  glucose, 

5. sucrose and 6 .  maltose. 
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ELUENT RECYCLING AND COLUMN LIFE 1143 

and could not be reconditioned t o  the i n i t i a l  resolut ion Sy 

reversing and backflushing. 

were not attempted, but w i l l  have t o  be incorporated i n t o  t h i s  

assay t o  enable a l a rge r  number of samples t o  be run. 

Additional sample clean-up procedures 

A decrease i n  detector  response (peak height) was observed 

This reduction is during the course of the  longevity s tudies .  

i l l u s t r a t e d  i n  Figs.  2 and 3.  These data  were obtained by making 

SAMPLE INJECTION EQUIVALENTS 

1 100 200 300 400 500 7 5 0  1000 N.S 

5ioa . 
A 0.0 0.0 12 0.047 0.120 

Fig. 2 Chromatograms generated during the addition of 1000 

sample in j ec t ion  equivalents t o  one l i t e r  of recycled 

eluent .  Inject ion volume equals 50 p1 of water: s o f t  

drink (1:l). The abbreviation "N.S."  represents  t he  

replacement of the mobile phase with new solvent  (l& 

while continuing t o  use the same s i l i c a  column. Changes 

i n  absorbance a t  510 during progressive eluent  

adu l t e ra t ion  are indicated a t  t he  bottom of the  f igure.  

So f t  drink contains.22 mg/ml fructose,  27 m g / m l  glucose 

and 11 mg/ml  sucrose. Flow r a t e  = 4 ml/min a t  an 

a t t en tua t ion  of 32X. The s t a t i c  reference on the  

d i f f e r e n t i a l  refractometer was purged a f t e r  each 100 

in j ec t ion  equivalents.  
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Fig. 3 Summary  of changes i n  r e t en t ion  t i m e  and peak he ight  

during the  add i t ion  of 1000 sample i n j e c t i o n  equiva len ts  

as i l l u s t r a t e d  i n  Fig.  2. 

a 50 p1 sample i n j e c t i o n  of t he  s o f t  d r ink  every 100 i n j e c t i o n  

equiva len ts .  An i n j e c t i o n  equiva len t  r e f e r s  t o  t h e  add i t ion  of 

50 p l  of sample d i r e c t l y  t o  t h e  one l i t e r  so lvent  r e se rvo i r  a s  a 

means of s imula t ing  a given l e v e l  of mobile phase adu l t e ra t ion  

(e.g. 100 i n j e c t i o n  equiva len ts  = 5.0ml of sample). This procedure 

produced r e s u l t s  d i r e c t l y  comparable t o  those observed i n  the  

longevi ty  study. Although the  reduction i n  peak he ight  was 

minimal during t h e  f i r s t  200 i n j e c t i o n  equiva len ts ,  success ive  

add i t ions  r e s u l t e d  i n  a more pronounced decrease.  N o  s i g n i f i c a n t  

base l ine  d r i f t  was observed. 

It should be noted that t h i s  s o f t  d r ink  i s  red  i n  co lo r  and 

during the  add i t ion  of 1000 i n j e c t i o n  equiva len ts  t h e  co lo r  o f  t h e  
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ELUENT RECYCLING AND COLLm LIFE 1145 

mobile  phase changed from c l e a r  t o  p ink .  T h i s  change corresponded 

t o  an o v e r a l l  i n c r e a s e  o f  0.120 absorbance u n i t s  a t  510 (Fig .  2 ) .  

The replacement  of t h e  mobile phase w h i l e  r e t a i n i n g  t h e  same column 

r e t u r n e d  sample peak h e i g h t s  and r e t e n t i o n  t i m e s  t o  t h e i r  o r i g i n a l  

v a l u e s  (F ig .  3 ) .  Therefore  t h e  observed r e d u c t i o n  i n  d e t e c t o r  

response  i s  a f u n c t i o n  of sample accumulat ion i n  the mobile phase 

and n o t  column d e g r a d a t i o n  or i n f l u e n c e d  by the r e d  dye. 

E l u e n t  R e c i r c u l a t i o n  

I n  o r d e r  t o  de termine  whether  t h e  r e d u c t i o n  i n  peak h e i g h t  w a s  

due s p e c i f i c a l l y  t o  carbohydra te  accumulat ion or t o  other 

c o n s t i t u e n t s  of the sample m a t r i x ,  the experiment  w a s  r e p e a t e d  u s i n g  

a s t a n d a r d  s o l u t i o n  o f  g l y c e r o l  (5 mg/ml, f r u c t o s e  (8.2 mg/ml), 

g l u c o s e  (14.2 mg/ml) and s u c r o s e  (15.1 mg/ml.). S tandard  concen- 

t r a t i o n s  were s e l e c t e d  such  t h a t  a l l  f o u r  peaks  would be e q u a l  i n  

h e i g h t  r e g a r d l e s s  o f  t h e i r  r e s p e c t i v e  r e t e n t i o n  t i m e s .  P rev ious  

o b s e r v a t i o n s  i n d i c a t e d  t h a t  the e x t e n t  o f  peak h e i g h t  r e d u c t i o n  w a s  

a f u n c t i o n  o f  t h e  a b s o l u t e  i n i t i a l  peak h e i g h t ;  s h o r t e r  peaks  

l o s t  a g r e a t e r  p r o p o r t i o n  of the i r  i n i t i a l  h e i g h t  d u r i n g  a 

sequence o f  i n j e c t i o n s .  I n  o r d e r  t o  i n v e s t i g a t e  t h i s  factor 

1:l and 1:6 d i l u t i o n s  o f  the s t a n d a r d  s o l u t i o n  were prepared .  

Dupl ica te  i n j e c t i o n s  o f  each s t a n d a r d  were made d u r i n g  t h e  

a d d i t i o n  o f  200 sample e q u i v a l e n t s  (Fig.  4 ) .  

Although t h e r e  w a s  no change i n  the r e t e n t i o n  t i m e  of 

g l y c e r o l ,  t h e  e l u t i o n  t i m e  f o r  s u c r o s e  decreased  from 5.9 t o  

5.4 min. (F ig .  4 ) .  The i n i t i a l  peak h e i g h t s  o f  t h e  u n d i l u t e d  

s t a n d a r d  and t h e  1:l d i l u t i o n  r e p r e s e n t e d ,  r e s p e c t i v e l y  84 and 

42% o f  f u l l - s c a l e  d e f l e c t i o n  a t  an a t t e n u a t i o n  o f  4X, w h i l e  t h e  

1:6 d i l u t i o n  w a s  13%. A f t e r  the a d d i t i o n  o f  150-200 sample 

i n j e c t i o n  e q u i v a l e n t s  t h e  compounds i n  t h e  most d i l u t e  s t a n d a r d  

could  no l o n g e r  b e  r e s o l v e d  f r o m  t h e  b a s e l i n e  (Fig.  4 ) .  Peak 

h e i g h t  o f  t h e  u n d i l u t e d  g l y c e r o l  s t a n d a r d  decreased  by 6% and 

s u c r o s e  by 17% fo l lowing  t h e  same a d d i t i o n .  

The i n t r o d u c t i o n  o f  a sample i n t o  the r e c y c l e d  mobile phase 

r e p r e s e n t s  a s imultaneous change i n  t w o  v a r i a b l e s  - w a t e r  and 
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E L U E N T  R E C Y C L I N G  AND COLUMN LIFE 1147 

d i s s o l v e d  carbohydra tes .  To determine t h e  cumulat ive e f f e c t  each 

f a c t o r  h a s  on s o l v e n t  r e c y c l i n g ,  water and s o l u t e  e q u i v a l e n t  t o  

200 i n j e c t i o n s ,  as i n  F ig .  4 ,  were added independent ly .  With 

t h e  a d d i t i o n  o f  10 m l  of water t h e  re tent ion t i m e  o f  sucrose  w a s  

reduced by 1 7 %  and,  t h e r e b y ,  p r e d i c t a b l y  i n c r e a s e d  t h e  r e l a t i v e  

peak h e i g h t  (F ig .  5 ) .  A decrease  i n  t h e  a c e t o n i t r i l e :  water 

r a t i o  reduces  r e t e n t i o n  t i m e ,  p a r t i c u l a r l y  f o r  l a t e  e l u t i n g  

compounds ( 6 ) .  

The i n t r o d u c t i o n  of s o l u t e  a l o n e  t o  t h e  e l u e n t  produced a 

r e d u c t i o n  i n  peak h e i g h t  which w a s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  

120 
GLYCEROL 

Y 

W 
0- 
-I 

a 

5 100 t 
z 
U 
0 
8 

50 

0 

SUCROSE 

m - 8 d - 0 - 0  

0 5 10 0 5 10 
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50 i 

0 

*-• STD (250ug/5Oul) 

& - A  1:1 

0-0 1:6 

1 I .  

0 100 200 
11111 
0 100 200 

F ig .  5 Relative changes i n  peak h e i g h t  d u r i n g  t h e  a d d i t i o n  of 

water o n l y  (Top) or  carbohydra te  o n l y  ( B o t t o m )  

e q u i v a l e n t  t o  200 sample i n j e c t i o n s  as d e s c r i b e d  i n  

F ig .  4 .  
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1148 LEE ET AL. 

t o t a l  amount of accumulated s o l u t e .  F u r t h e r ,  t h e  d e c r e a s e  w a s  

similar t o  t h a t  observed i n  F ig .  4.  

Although the i d e a  of  s o l v e n t  r e c i r c u l a t i o n  may be d i s c o n c e r t -  

i n g  t o  p e r s o n s  f a m i l i a r  w i t h  t r a d i t i o n a l  methods o f  HPLC a n a l y s i s ,  

i n  t h i s  system it o f f e r s  a c o n s i d e r a b l e  s a v i n g s  i n  s o l v e n t  

expense w i t h o u t  s i g n i f i c a n t  impairment o f  a n a l y s i s .  

i n  d e t e c t o r  response  i s  w i t h i n  t h e  l i m i t s  of most microprocessor  

based i n t e g r a t o r  systems t o  a u t o m a t i c a l l y  compensate f o r  updat ing  

c a l i b r a t i o n .  Not o n l y  i s  s o l v e n t  use and cost reduced,  b u t  t i m e  i s  

saved tha t  would o t h e r w i s e  be  used f o r  mobile phase p r e p a r a t i o n .  

The d e c r e a s e  

I n j e c t i o n  Volume 

A p r a c t i c a l  problem f r e q u e n t l y  encountered i n  HPLC i s  t h a t  of 

i n j e c t i o n  volume e f f e c t s  ( i . e .  as i n j e c t i o n  volume v a r i e s  so does 

r e t e n t i o n  t i m e ,  peak syrmnetry or d e t e c t o r  r e s p o n s e ) .  I n v e s t i g a t o r s  

are f r e q u e n t l y  faced  w i t h  v a r i a b l e  sample matrices t h a t  y i e l d  

d i f f e r e n t  i n j e c t a b l e  sample volumes. F igure  6 i l l u s t r a t e s  t h e  

independence o f  i n j e c t i o n  volume and s o l u t e  c o n c e n t r a t i o n .  

Appl ica t ion  of m i n e  Modified S i l i c a  Columns t o  Automated Analys is  

Based upon the r e s u l t s  of t h i s  s tudy  and o t h e r  work i n  o u r  

l a b o r a t o r y  i n v o l v i n g  the measurement o f  endogenous levels o f  bo th  

animal ( 2 , 3 , 7 )  and p l a n t  (5 )  carbohydra tes ,  we o f f e r  t h e  fo l lowing  

s u g g e s t i o n s  f o r  the g e n e r a l  a p p l i c a t i o n  of  t h i s  method, p a r t i c u l a r l y  

w i t h  r e s p e c t  t o  i t s  use i n  automated a n a l y s i s  systems. 

[l] Since  some s u g a r s  are r e l a t i v e l y  i n s o l u b l e  i n  a mixture  o f  

a c e t o n i t r i l e  and water, s t a n d a r d s  o r  samples should  be  i n j e c t e d  i n  a 

water  carr ier .  To avoid  a p r e c i p i t a t i o n  problem between e l u e n t  and 

sample a f te r  i n j e c t i o n ,  a s m a l l  amount of each should  be mixed b e f o r e  

i n j e c t i o n  t o  determine whether a major p r e c i p i t a n t  forms. 

[2]  U s e  small sample i n j e c t i o n  volumes (50 1.11 or  less).  During 

the c o u r s e  o f  i n j e c t i n g  s e v e r a l  hundred samples, s m a l l  i n j e c t i o n  

volumes w i l l  avoid  s i g n i f i c a n t  changes i n  t h e  a c e t o n i t r i l e :  water 

r a t i o  and,  t h e r e b y ,  avoid  changes i n  r e t e n t i o n  t i m e s .  Secondly,  a t  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ELUENT RECYCLING AND COLUMN LIFE 1149 

- 
E 
E 
+ 
I 

W 
I 
Y 

n 

- 
9 

$ 

F i g .  6 

160 

120 

80 

40 

0 

INJECTION VOLUME 

GLYCEROL 

GLUCOSE 

INJECTION VOLUME 

GLYCEROL 

GLUCOSE 

0 1 .o 2.0 3.0 4.0 6.0 

CONCENTRATION (mgt 

E f f e c t  of variable i n j e c t i o n  volume on peak h e i g h t  f o r  

a range o f  carbohydra te  c o n c e n t r a t i o n s .  S o l i d  symbols 

r e p r e s e n t  a c o n s t a n t  50 u l  i n j e c t i o n  volume u s i n g  

vary ing  s o l u t e  c o n c e n t r a t i o n s .  open symbols r e p r e s e n t  

v a r i a b l e  i n j e c t i o n  volumes (e .g .  20 1.11 corresponds t o  

2 .0  mg, 45 u 1  t o  4.5 mg). 

i n j e c t i o n  volumes greater t h a n  75 ~1 s e v e r e  peak " f r o n t i n g "  may 

occur. 

[3] Minimize t h e  a b s o l u t e  munt of carbohydra te  added t o  t h e  

r e c i r c u l a t i n g  e l u e n t .  T h i s  w i l l  reduce t h e  ra te  of d e c r e a s e  i n  peak 

h e i g h t  d u r i n g  a series of i n j e c t i o n s  and a l l o w  a microprocessor  based 

i n t e g r a t o r  to  a u t o m a t i c a l l y  update  c a l i b r a t i o n .  
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[a] increase i n  the volume of the eluent  reservoir  t o  2-5 

l i t e rs  serves t o  minimize the cumulative e f f e c t s  of adding water and 

solute  from samples t o  the recirculat ing mobile phase. 

[5] Since the reduction i n  detector  response due t o  the accumu- 

l a t i o n  of solute  i n  the eluent  i s  dependent on the i n i t i a l  

absolute peak height,  external  standards and sample peak heights 

should be s imi l a r  ( + l o % ) .  Peak height reduction may be fu r the r  

minimized by adjust ing the attenuation of the refractometer so t h a t  

peaks a re  i n  the 60-90% range of f u l l  scale  deflection. 

[6] Refractometers a re  sens i t i ve  t o  small temperature changes 

Variations i n  room temperature should be avoided and/or (2-3'C).  

the detector temperature s t ab i l i zed  with a water jacket.  

[7] Although only an i n l i n e  f i l t e r  was used i n  the present study, 

we routinely use a guard column packed w i t h  Ax/Corasil (Waters 

Associates) f o r  the analysis  of carbohydrates extracted from p lan t  

and animal t i s sue .  This serves t o  remove material  from the sample 

t h a t  could inac t iva t e  the column (e.g. ions,  l i p i d s  and p rec ip i t a t ed  

p ro te ins ) .  

[8] With the build-up of high pressure o r  a l o s s  of resolution the 

s i l i c a  column may be reversed and back-flushed with new solvent i n  an 

attempt t o  re turn the column t o  i n i t i a l  operating conditions. 
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