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SIMULTANEOUS IDENTIFICATION OF SUGARS 
BY HPLC USING EVAPORATIVE LIGHT 
SCATTERING DETECTION (ELSD) AND 
REFRACTIVE INDEX DETECTION (RI). 

APPLICATION TO PLANT TISSUES 

A. CLEMENT, D. YONG, AND C. BRECHET 
Institut National de la Recherche Agrommique (INRA) 

Centre ak Recherches Forestieres ak NANCY 
54 280 Champemux, France 

ABSTRACT 

Two detection systems for sugar HPLC identification, were 
compared, namely IR and ELSD. Peak separation was carried out on 
an adapted BECKMAN HPLC chromatographic line with the two 
detectors in series. This assembly line allowed the 
superimposition of two detection features on an single 
chromatogram. The same sugar mixture injection should be 
identified with both systems in the same conditions. Three 
separation devices were used. 

It was demonstrated that the ELSD technique was well adapted 
for sugar determination. Compared with the RI detection, ESD 
showed a better sensitivity, more stability of the 
chromatographic base line and no incidence of the temperature. 

However, the main advantage of the ESLD system was the 
assessment of the gradient elution use, since this is excluded in 
RI detection. 

I" 

Sugars extracted from biological tissues can be identified 

using a number of analytical techniques. Among them gas and 
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806 CLEMENT, YONG, AND BREKXJET 

l i q u i d  chromatography a r e  w e l l  s u i t e d  t o  q u a l i t a t i v e  and 

quant i ta t ive analyses. BPLC i s  used more commonly. 

According t o  the  kinds of sugars i n  t h e  medium, seve ra l  

t y p e s  of  columns were employed. U n t i l  r e c e n t l y  t h e  

chromatographic de t ec t ion  systems w e r e  mainly f luorimetry,  W 

spectrometry and refractometry,  the la t te r  be ing  t h e  most 

popular. 

In s p i t e  of its acknowledged q u a l i t i e s ,  refractometry has 

some l imi t a t ions  : 

- temperature detect ion needs t o  be control led and regulated 

-_ low s e n s i t i v i t y  is  induced by a high signal/background r a t i o  

- use of gradient  e lu t ion  is excluded. 

Recently a new de tec t ion  system was proposed i n  l i q u i d  

chromatography - t h e  Evaporative Light S c a t t e r i n g  Detect ion 

(ELSD) .  A number of papers have described t h i s  de t ec to r  and the  

r e l a t e d  chromatographic app l i ca t ions  t o  the  a n a l y s i s  of non- 
v o l a t i l e  compounds [I], 121, 131, 141,  [ s i t  161, 171, 181. This 

detect ion system favorably replaces  t h e  refractometry de t ec t ion  
f o r  compounds l i k e  sugars [ g l ,  1101, 1111, [121, [131, 1141.  

The aim of t h i s  paper is  t o  compare i d e n t i f i c a t i o n  of 

so lub le  suga r s  w i t h  a D i f f e r e n t i a l  Refractometer ( R I )  and an 

Evaporative Light S c a t t e r i n g  Detector  (ELSD),  connected i n  

series, on the  same column e f f luen t .  

The chromatographic l i n e  c o n s i s t e d  of t he  fol lowing 

modules : 

- progrananable solvent module 126 (System Gold - Beckman Solvent 

pumps 1 

- i n j ec t ion  valve, Altex Reference 210A 
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IDENTLPICATZON OF SUGARS 

- analog I n t e r f a c e  Module 406 (System Gold - Beckman) 

- IBM PC Personal  System I1 (System Gold - Beckman) 

- p r i n t e r  EPSON LX 800 

- column compartment h e a t e r  Croco-cilTM Beckman 

Detectors 

- D i f f e r e n t i a l  Refractometer KNAUER 

- Evaporative S c a t t e r i n g  Detector  SEDEX 45 [12] 

The l i q u i d  phase i s  transformed i n t o  an a e r o s o l  i n  which t h e  

v o l a t i l e  c o n s t i t u e n t s  a r e  e a s i l y  evapora ted .  The homogeneous 

a e r o s o l  produced has  non v o l a t i l e  components f o r  q u a n t i t a t i v e  

i d e n t i f i c a t i o n .  

Three types of columns were tested. A guard column was 

s y s t e m a t i c a l l y  used  t o  p r o t e c t  t h e  column i n  t h e  s e p a r a t i o n  

devices  a s  fol lows : 

nO1 : - Guard column : RPl8  5 pm, Lichrosorb MERCK 60 mm 

- Column R-NH2, type Lichrospher MERCK 100 NH2-5 p n  

HPLC Cartridge LichroCART r e f  50834 250-4 nun 

n02 : - Guard column : Polyspher Guard Column CH-Pb 20-3 mm 

MERCK r e f  51275 

- Column : Polyspher CH-Pb 300-7.8m 

MERCK r e f  51278 

n03 : - Guard column : Polyspher Guard Column CH-Pb 20- 3 mu 

MERCK r e f  51279 

- Column : AHINEX Carbohydrate HPX - 87C(Ca) 300- 7.8 mm 

BIORAD r e f  1250095 
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808 CLEMENT, YONG, AND BRECHFT 

The choice of reference sugars was directed by the search 

f o r  free sugar contents in coniferous tree foliar tissues. Sugars 

identified were : rhamnose, xylose, fructose, glucose, sucrose, 

maltose, melibiose, melezitose, raffinose and the related 

compounds inositol and pinitol. 

The chromatographic line scheme is as follows : 

Sample valve 
1 ' Guard 

Eluents -- Pumps -- column -- Column -- R1,ELSD detectors 

t 
IBM PC & Printer 

The experimental chromatographic line used in this analysis 

was with RI and ELSD in series. This scheme allowed the 

superimposition of two detection modes on a single chromatogram 

corresponding to the injection of the same sugar mixture in the 

same conditions. 

The analysis of chromatographic data is based on the system 

described above. The chromatographic characteristics discussed 

are as follows : 

- base line drift (stability) 
- sensitivity 
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IDENTIFICATION OF SUOARS 809 

- isocratic mixed phase chromatography 
with pump assistance 

manual mixing before chromatography 

- gradient chromatography. 

The RI system showed a base line drift affected by 

temperature variation. Thermoregulation is needed if high 

sensitivity of the HPLC system is required. Experiments could be 

performed only when stabilization of RI system was reached. 

Stability depended on the mobile phase and of the columns' 

characteristics (FIGURES 1, 3, 5). 

On the other hand, ELSD identification exhibited a stable 

base line, independent of temperature changes. The system can be 

used without stabilization time (FIGURES 1 and 2). 

ELSD sensitivity was better than refractometric sensitivity. 

In the ELSD system 10 moles of different sugars were identified 

with accuracy whereas refractometry did not allow this (FIGURE 

2). Refractometric sensitivity depended on the mobile phase and 

of the column characteristics. Peak identification on the 

polyspher CH-Pb using a water mobile phase showed a better 

refractometric sensitivity and a better base line stability 

(FIGURES 1 and 3). 

in a ) 

===uuma 

When high sensitivity of refractometric detection is 

required, the automatic mixing of solvent phases can lead to 
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810 CLEMENT, YONG, AND BRECHET 

0 . 1 5  

0 .098 

0 . 0 4 5  
i: x 
k w 

- 0 . 0 0 7  

SSP 

ELSD 

1 - -kR1 
- 0 . 0 6  1 I I I 1 I I 

0 10 2 0  3 0  4 0  5 0  6 0  
TIME (minutes) 

FIGURE 1. Sugar separation on R-NH2 column 

References : Retention time ELSD Quantities injected 
fminutes) 

SSP 
1 CS(CH3) Rhamnose 6.5 
2 c 5  Xylose 7.5 

Sample Solvent Pe& ( water 

3 C6 FNctose 9.3 
4 C6 Glucose 11.0 
5 C12 Sucrose 17.1 
6 C12 Maltose 21.3 
7 C12 Melibiose 29.4 

(p moles) 

0.26 
0.3 1 
0.33 
0.26 
0.23 
0.12 
0.12 

8 C18 Melezitose 35.4 0.11 
9 C18 Raffinose 44.9 0.10 

Chromatographic characteristics : 

- Guard Column : - column : Lichrospher 100 NHz - 5 pm MERCK 

- Sample Loop : 20 p1 - Eluent 
- Flow rate : 1 ml/minute 
-ColumnTemp. : 25°C 
-Detection 

RP18 - 5 p Lichrosorb MERCK 60 mm 

HF'LC Camidge Lichrocan 250-4 mm, ref. 508342504 

Acetonimle / Water (80 / 20 V), automatic pumps mixing 

- RI, Differential Rehctometer KNAUER, (Range 4) 
- ELSD, Evaporative Light Scattering Detector SEDEX 45, 
( Gain 5 - Temperature 4OOC - Pressure 2.5 Bars ) 
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IDENTIFICATION OF SUGARS 81 1 

0.07 
rl c 
X 
2 m 

0.05 E 
U w 

!i 0.02 

RI 

ELSD 

-0.01 ,-, 
0 5 10  15 20 2 5  3 0  

TIME (minutes) 

FIGURE 2. Sugar separation on R-NH2 column 

Refaences : Retention time ELSD Quantities injected 

s SP Sample Solvent Peak, ( water ) 
1 CS(CH3) Rhamnosc 6.4 12.8 
2 c 5  Xylose 7.5 14.0 
3 C6 Fructose 9.2 11.8 
4 C6 Glucose 10.8 11.9 
5 C12 Sucrose 16.6 6.54 
6 C12 Maltose 20.4 5.88 
7 C12 Melibiose 29.5 5.91 

Chmmatographic characteristics : 

- Guard Column : 
- column : 

- Eluent - Flow late : lml/minute 
-columnTemp. : 25OC 
-Deaction : - RI. Differential Refractomter KNAUER, (Range 4) 

(minutes) (nmoles) 

RP18 - 5 pn Lichrosorb MERCK 60 mm 
L i c h  her 100 NIh - 5 pm hERCK 
HPLC &mdge Lichrocart 250-4 nun, ref. 508342504 

Acetonittile / Water (80 / 20 V), automatic pumps mixing 
-SamplcLOop : 20pl 

: 

- ELSD, Evaporative Light Scattering Detector SEDEX 45, 
(Gain 7 - Temperature 40°C - Pressure 2.5 Bats ) 
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812 CLEMENT, YONG, AND BRECJ33 

1 
0.05 7 

0.04 -I I: 

0 5 1 0  1 5  2 0  25  3 0  3 5  4 0  
TIME (minute) 

FIGURE 3. Sugars in pine buds - Separation on CH - Pb Column 

Sugars and related Retention time ELSD Concentration 

1 C6 Glucose 18.6 0.19 
2 C6(C?b) Pinitol* 20.2 0.14 
3 --- Unknown 23.6 -_--_ 
4 C6 Fructose 25.8 0.20 
5 C6 Inositol * 33.6 0.02 

Chromatographic characteristics : 

- Guard Column : 
- Column : 
-SampleLoop : 20pl 
- Eluent : Water 
- Flow rate : 0.4ml/minute 
-ColumnTemp. : W C  - Detection : - FU. Differential Refractometer KNAUER, (Range 16) 

compounds * (minutes) @moles) 

Polyspher Guard Column CH - Pb 20 -3 mm, MERCK ref. 51279 
Polyspher CH - Pb 300 -7.8 mm, MERCK ref. 51278 

- ELSD. Evaporative Light Scattering Detector SEDEX 45, 
( Gain 6 - Temperature 45OC - Pressure 3.0 Bars ) 
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IDENTIPICATION OF SUGARS 813 

0.35 

0.25 

0.15 

0.05 

-0.05 I I I I I I I I 

0 5 10  1 5  2 0  25 30  35  
TIME (minutes) 

References : 

SSP 
1 CS(CH3) 
2 c 5  
3 C6 
4 C6 
5 c12 
6 C12 
7 c12 
8 C18 
9 C18 

FIGURE 4. Sugar separation on R-MI2 column using a gradient 

Retention time ELSD Quantities injected 
(minutes) (moles) 

Sample Solvent Peak, ( water ) 
Rhamnose 6.3 0.26 
Xylose 7.3 0.3 1 
Fructose 8.9 0.33 
Glucose 10.5 0.26 
sucrose 18.9 0.23 
Maltose 21.1 0.12 
Melibiose 24.6 0.12 
Melczitose 26.6 0.11 
Raffinose 29.8 0.10 

Chromatographic characteristics : 

- Guard Column - column 

- Sample Loop 
-Eluent 
- Gradient 

- Flow rate 
- Column Temp. 
-Detection 

: RPl8 - 5 pm Lichrosorb MERCK 60 mm 
: Lichspher 100 NH2 - 5 pm MERCK 

HeLC M d g c  Lichrocan 250-4 mm, rcf. 508342504 
: 20pl 
: Acetonitile / Warn, automatic pumps mixing 
: 0 - 4minutes80/20Vconstant 

4 - 8minutes80/20Vto88/12Vlinear 
8 - 17 minutes 88/ 12 V 1075/25 V linear 
17 - 21 minutes 75 I25 V constant 

21 - 35 minutes 80 / 20 V constant 

- RI, Differential Refractometer KNAUER, (Range 4) 
- ELSD, Evaporative Light Scattering Detector SEDEX 45, 
( Gain 5 - Temperature 4OOC - F'ressure 2.5 Bars ) 

21 minutes75/25Ve80/20Vpromptly 

: Iml/minute 
: 25Oc 
: 
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8 14 CLEMENT, YONG, AND BRECHET 

2 
0.14 

0 .1  
-1 a z 
$ 

% 

g 0.07 
F 

ti 0.03  
R I  

ELSD 

-0 .01  

0 5 1 0  1 5  20  2 5  3 0  
TIME (minutes) 

FIGURE 5. Sugar separation on CH - Ca column 

References : Retention time ELSD Quantities injected 

I C18 Raftinose 9.9 0.03 
2 C12 Saccharose 10.8 0.06 
3 C6 Glucose 13.2 0.11 
4 C6 Fructose 16.8 0.11 

Chromatographic characteristics : 

- Guard Column : 
- column : 

- Eluent : Water - Flow rate : 0.5 ml/minute 
-ColumnTemp. : W C  
-Detection 

(minutes) twoles) 

Polyspher Guard Column CH - Pb 20 -3 mm, MERCK ref. 5 1279 
Aminex Carbohydrate HPX - 87C (Ca) 300 -7.8 mm, 
BIORAD ref. 1250095 

- SampleLoop : 20p1 

- RI, Differential Refractometer KNAUER, (Range 8) 
- ELSD, Evaporative Light Scattering Detector SEDEX 45, 
( Gain 7 - Temperature 48OC - Pressure 3.0 Bars ) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



IDENTIFICATION OF SUGARS 815 

v a r i a t i o n s  of t h e  base  l i n e ,  induced by a non homogeneous mixed 

phase .  To avoid  t h i s  s i t u a t i o n ,  manual mixing could  be  c a r r i e d  

o u t  b e f o r e  chromatography (FIGURE 3 ) .  NO base  l i n e  v a r i a t i o n s  

w e r e  observed when t h e  ELSD system was used, s i n c e  t h e  mixed 

phase was evaporated before  t h e  sugar  d e t e c t i o n .  

T o  improve peak s e l e c t i o n  and t o  reduce e l u t i o n  t i m e ,  

g r a d i e n t  e l u t i o n  i s  commonly used i n  modern chromatography. ELSD 

a l l o w e d  t h e  u s e  of  g r a d i e n t s ,  w h i l e  t h i s  p a r a m e t e r  i s  

i n a p r o p r i a t e  f o r  t h e  R I  d e t e c t o r  (FIGURE 5). 

W e  selected a complicated g r a d i e n t  t o  prove t h e  independance 

of t h e  ELSD method from t h e  g r a d i e n t  of  t h e  so lvent  (FIGURE 4). A 

d i f f e r e n t  R I  d e t e c t i o n  s i g n a l  appeared f o r  t h e  same mobile phase 

used  a t  t h e  begin ing  and a t  t h e  end of t h e  chromatography and 

showed base l i n e  d r i f t .  

The Evapora t ive  Light  S c a t t e r i n g  D e t e c t o r  appears  a s  a 

promis ing  d e t e c t o r  f o r  HPLC of n o n - v o l a t i l e  compounds, l i k e  

s u g a r s .  Compared t o  t h e  R I  de tec t ion ,  t h e  ELSD d e t e c t i o n  shows a t  

l e a s t  t h r e e  advantages : 

- it br ings  more s t a b i l i t y  on t h e  chromatographic base l i n e  

- has a better s e n s i t i v i t y  i n  t h e  sugar  d e t e c t i o n  

- and al lows u s e  of grad ien t  e l u t i o n .  

AS it i s  easy  t o  set up on a chromatographic HPLC l i n e ,  t h e  

ELSD detector is a complementary and u s e f u l  t o o l  and may r e p l a c e  

t h e  RI d e t e c t o r  f o r  sugar  i d e n t i f i c a t i o n  i n  v e g e t a l  t i s s u e s  
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