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DETERMINATION OF INTERACTION OF 
FOOD COMPONENTS W I T H  MODIFIED 

GUAR GUM BY HPLC 

AMRIK L. KHURANA’ AND CHI-TANG H O ~  
‘What man Inc. 

9 Bridewell Place 
Cliftoii, New Jersey 07014 

2Deparlnient of Food Science 
Cook College 

New Jersey Agricultural Experiment Station 
Rutgers, the State Uuiversity of New Jersey 

New Briinswick, New Jersey 08903 

ABSTRACT 
I n t e r a c t i o n  o f  food components such as ascorb ic  ac id ,  n i a c i n ,  

c a f f e i n e  and phenylalanine w i t h  acrylamide d e r i v a t i s e d  and 
acetate modi f ied guar gum was s tud ied by immobi l iz ing t h e  same on 
s i l i c a  support and us ing food based so lvent  l i k e  water as a 
mobi le  phase. The thermodynamic parameter such as enthalpy o f  
s o r p t i o n  data were determined from t h e  slopes o f  p l o t s  o f  1nK’ 
against  1/T. An exothermic adsorpt ion process was i n d i c a t e d  f o r  
ascorb ic  ac id ,  n i a c i n  and phenylalanine. An endothermic 
adsorpt ion process f o r  c a f f e i n e  was observed. 

INTRODUCTION 
Guar gum, o r  guaran, i s  t he  endosperm polysacchar ide o f  t he  

seed o f  Cvamowi s tetraqonoloba which be1 ongs t o  Lusuminosae 
fam i l y .  The p l a n t  i s  c u l t i v a t e d  f o r  forage i n  Ind ia ,  Pakistan 
and t h e  Uni ted States (Texas). Guar gum i s  a galactomannan which 
cons is t s  of a backbone o f  (1 -) 4)-8-D-mannopyranosyl u n i t s  w i t h  

1559 

Copyright 0 1990 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1560 K H U R A N A  AND HO 

every second u n i t  bear ing a (1 + 6)-a-D-galactopyranosy l  u n i t  
(1). I t  i s  used as a th i cken ing  agent and a s t a b i l i z e r  i n  salad 

dressings amd i c e  creams. It promotes l onger  s h e l f  l i f e  i n  baked 
goods and lessens absorpt ion o f  water by sucrose i n  pas t r y  
i c i ngs .  Guar gum i s  a lso used i n  meat products such as sausage 
t o  improve casing s t u f f i n g .  I n  a d d i t i o n  t o  i t s  food 
appl icat ions,  t he  guar gum i s  a l so  used i n  paper s i z i n g ,  as a 
b ind ing  and d i s i n t e g r a t i n g  agent i n  t a b l e t  formulat ions,  i n  
pharmaceutical j e l  l y  formul a t  ions,  i n  suspensions, emu1 sions, 
l o t i o n s ,  creams and toothpastes.  I n  d e r i v a t i s e d  form such as an 
acrylamide adduct, i t  i s  used f o r  f l o c c u l a t i n g  s l imes ( 4 )  o f  

ben ton i te  and kao l i n ,  i n  increas ing d r y  s t reng th  o f  paper and 

a lso i n  t e x t i l e  p r i n t .  The a p p l i c a t i o n  o f  modi f ied guar gum i n t o  
food systems has n o t  been reported, but  i t s  f u t u r e  usage i n  t h i s  
regard can not  be ignored. It i s ,  therefore,  very impor tant  t o  
study i t s  i n t e r a c t i o n  i n  n a t i v e  o r  modi f ied form w i t h  o the r  food 
components. The present i n v e s t i g a t i o n  invo lves t h e  use o f  HPLC 
t o  study i n t e r a c t i o n  o f  n o n v o l a t i l e  food components w i t h  modi f ied 
guar gum i n  the acety la ted form which i s  a l so  d e r i v a t i s e d  a t  t he  
s i x t h  carbon atom o f  galactose s ide  chain w i t h  acrylamide t o  

immobi l ize on the  s i l i c a  support. Food s imu la t i ng  so l ven t  such 
as water was used as a mobi le phase. Changes i n  thermodynamic 
parameters such as enthalpy o f  adsorpt ion was used t o  conduct 
such study. 

EXPERIMENTAL 
Mater i  a1 s 

Guar gum, acrylamide, t r i e thy lam ine ,  ace ty l cho l i ne ,  to luene, 
ca f fe ine ,  ascorbi c ac id  , phenyl a1 an i ne, n i ac i  n , t r i m e t  h y l  benzyl 
ammonium hydroxide and t - b u t y l  a lcohol  were purchased from 
A l d r i c h  Chemical Co., Inc.  (Milwaukee, W I ) .  Epoxypropyl d imethyl  
s i l a n i z e d  Part isphere-5 ma te r ia l  was obtained from Whatman Inc .  
(C1 i f t o n ,  NJ). 
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MODIFIED GUAR GUM 

Packinq Ma te r ia l  

synthesized as fo l l ows :  
The packing mater a1 f o r  chromatograph 
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c purposes was 

(a) Acrvlamide d e r i v a t i s e d  w a r  qum: A m ix tu re  o f  guar gum (25 
g),  acrylamide (25 g) and 40% t r i m e t h y l  benzyl ammonium hydroxide 
(15 mL) i n  200 mL t - b u t y l  a lcohol  was s t i r r e d  a t  84OC f o r  8 h rs .  
The r e a c t i o n  m ix tu re  was cooled t o  room temperature, f i l t e r e d  and 
washed w i t h  methanol. The acrylamide d e r i v a t i s e d  product gave 
t h e  f o l l o w i n g  elemental analys is :  C = 41%, H = 6% and N = 1.1%. 
The elemental analys is  o f  guar gum before r e a c t i o n  was as 
fo l l ows :  C = 39.79%, H = 5.9% and N = 0.4% (4).  
(b)  Immobi l izat ion o f  acrvlamide d e r i v a t i s e d  quar aum on s i l i c a  
suDDort: 2 g o f  t h e  acrylamide d e r i v a t i s e d  guar gum was 
d i sso l ved  i n  3000 mL water by d i spe rs ing  t h e  f i n e  powder o f  t h e  
same and then s t i r r i n g  a t  room temperature overn ight .  15 g o f  
epoxypropyls i lan ized Par t isphere-5 was added t o  t h i s  s o l u t i o n  and 
t h e  r e a c t i o n  m ix tu re  was s t i r r e d  a t  90°C f o r  2 hrs. ,  f i l t e r e d ,  
washed w i t h  ho t  water and r i n s e d  w i t h  methanol. The d r y  m a t e r i a l  
had t h e  f o l l o w i n g  elemental analys is :  C = 2.9%, H = 0.52%, and N 
= 0.4%. The elemental analys is  o f  t h e  epoxypropyls i lan ized phase 
was as fo l l ows :  C = 1.86%, H = 0.52% and N = 0.1%. 
(c)  A c e t v l a t i o n  o f  w a r  qum s i l a n i z e d  Dhase: 5 g o f  s i l a n i z e d  
guar gum was ace ty la ted  w i t h  5 mL ace ty l  c h l o r i d e  i n  presence o f  
12 mL t r i e t h y l a m i n e  as c a t a l y s t  and 500 mL to luene as so lvent .  
The r e a c t i o n  was performed a t  6OoC. The end product  had t h e  
fo l l ow ing  elemental analys is :  C = 4.5%, H = 0.8% and N = 0.4%. 
The columns were packed by s l u r r y i n g  i n  methanol under 6000 p s i  
pressure. 
Sam1 e PreDarat i on 

Solut ions of ca f fe ine ,  n i a c i n ,  ascorb ic  acid,  phenol and 
phenylalanine were prepared by d i s s o l v i n g  50 mg o f  each i n  5 mL 

water.  
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I562 K H U R A N A  A N D  H O  

HPLC Anal vsi s 
HPLC was performed using a variable wavelength UV detector, 

Spectroflow monitor SF-770 (Kratos Analytical, Ramsey, NJ); a 
programmable solvent delivery system, Series 3B (Perkin-Elmer 
Corp., Norwalk, Conn.); a manual injection valve, with 50 t ~ l  loop 
(Valco Instruments Co., Houston, TX) and a chart recorder 
(Laboratory Data Control, Riviera Beach, F L ) .  

Water was used as a mobile phase. A flow rate of 1 mL/min 
was maintained during the run. All the samples were analyzed at 
various temperatures i.e. from 2OoC to 7OoC by phenol as 
reference sample to provide the unretained peak. The enthalpy 
changes were determined from the slope of the plots of In K '  
against 1/T using the equation 1 (2, 3, 5 ,  6 ) .  

In K' =AHo/RT -dSo/R t l n 9  (Equation 1) 

RESULTS AND DISCUSSION 
The guar gum is derivatised with acrylamide at the sixth 

carbon atom o f  a-D-galactopyranosyl side unit which is attached 
by (1  + 6) linkages to linear chains of (1 + 4)-b-D-mannopyrano- 
syl units. This derivatised gum is immobilized as hydroxylamine 
when reacted with epoxypropyl silanized silica gel, The 
remaining hydroxyl groups are esterified after reacting with 
acetyl chloride. 

The equation 1 shows the relationship between capacity factor 
K' and the column absolute temperature T (2 ,  3, 5, 6 ) .  Here A Ho 
represents standard enthalpy change on transferring a solute from 
stationary phase to a mobile phase, A S o  is the standard entropy 
change and 4 is the phase ratio o f  the column. The magnitude of 
A H o  value can decide the nature of interaction o f  solute molecule 
with the stationary phase. 

Figures 1-4 represent the plot of In k '  or capacity factor 
against 1/T for ascorbic acid, niacin, phenylalanine and 
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F i g .  1. P l o t  o f  1nK' a g a i n s t  1/T i n  case o f  ascorbic  a c i d  as 
analyzed on modi f ied guar gum column. 

InK' 

F i g .  2. P l o t  o f  1nK' a g a i n s t  1/T i n  case o f  n i a c i n  as analyzed 
on m o d i f i e d  guar gum column. 
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InK' 

K H U R A N A  A N D  HO 

F i g .  3 .  P l o t  o f  l n K '  against  1/T i n  case o f  phenyla lanine as 
analyzed on modi f ied guar gum column. 

InK' 

f i g .  4 .  P l o t  o f  I n K '  against  1/T i n  case o f  c a f f e i n e  as analyzed 
on modi f ied guar gum column. 
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MODIFIED GUAR GUM 1565 

Table 1. Enthalpy o f  so rp t i on  o f  ascorb ic  acid,  n i a c i n ,  c a f f e i n e  
and phenylalanine as determined from Figures 1-4.  

Components A H (K cal /mol)  

Ascorbic - 0.3 
N i a c i n  - 3.3 
Caf fe ine t 4.2 
Phenyl a1 anine - 3.0 

c a f f e i n e .  The values o f  d Ho as determined from t h e  slopes o f  
t h e  graphs are shown i n  the  Table 1. 

Enthalpy o f  so rp t i on  showed negat ive values f o r  ascorb ic  
ac id ,  n i a c i n  and phenylalanine. The negat ive values i n d i c a t e d  an 
exothermic adsorpt ion process. I t  showed t h a t  t h e r e  i s  
i n t e r a c t i o n  o f  a l l  these probes w i t h  t h e  carbohydrate o r  
h y d r o c o l l o i d  surface due t o  O--H o r  N- -H  bond format ion.  

Enthalpy o f  so rp t i on  showed p o s i t i v e  va lue i n  case o f  
caf fe ine which i nd i ca ted  an endothermic adsorpt ion process. It 
showed t h a t  c a f f e i n e  i n t e r a c t s  w i t h  t h e  surface due t o  mechanism 

n t e r a c t i o n  may i n v o l v e  o t h e r  than hydrogen bonding. Such 
hydrophobic and o r  e l e c t r o s t a t i c  forces.  

The i n t e r a c t i o n  o f  ascorbic acid,  n 
c a f f e i n e  w i t h  t h e  s i l i c a  bound guar gum 
as shown i n  t h e  Figures 5 and 6. 

acin,  phenyla lan ine and 
acetate can be depic ted 

Ascorbic,  n i a c i n  and 
phenylalanine seem t o  be approaching t h e  surface i n  such a manner 
as can f a c i l i t a t e  t h e i r  r e t e n t i o n  through hydrogen bonding 
between -OH, -NH2 o r  -COOH o f  t he  guar gum. I n  t h e  case o f  
ca f fe ine ,  i t  i s  assoc iat ing w i t h  sur face i n  a manner which does 
no t  a l l ow  t h e  format ion o f  any k i n d  o f  hydrogen bonding. 
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s1-0-91-0-s1 
I 
0 

H3C-SI-CHf 
I 

St-0-Si-0-51 
I 
0 

I 

I 

3 n3C-Si -CH 

Fig.  5. Pro jected i n t e r a c t i o n  o f  ascorbic a c i d  and n i a c i n  w i t h  
the modi f ied guar gum s i l i c a  support  surface. 

Figures 7 A  and 7B show the  r e s o l u t i o n  o f  ascorb ic  acid, 
n i a c i n ,  phenylalanine and ca f fe ine  a t  2OoC and 7OoC.  The 
c a f f e i n e  shows more change i n  r e t e n t i o n  t ime a t  7OoC as compared 
t o  ascorbic acid,  n i a c i n  and phenylalanine which e x h i b i t  very  
l i t t l e  o r  no change a t  a l l .  
surface i n t e r a c t i o n  as compared t o  the  r e s t  o f  t h e  components 
under i n v e s t i g a t i o n  despi te  i t  i s  more r e t a i n e d  on t h e  surface. 

I t  shows t h a t  c a f f e i n e  has l e s s  
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Fig.  6. Pro jected i n t e r a c t i o n  o f  phenylalanine and c a f f e i n e  w i t h  
the  modi f ied guar gum s i l i c a  support surface. 

I t  i s  eas ie r  t o  study i n t e r a c t i o n  o f  guar gum i n  t h e  
ace ty la ted  form as compared t o  i t s  n a t i v e  form which has hydroxy l  
groups a v a i l a b l e  i n  abundance t o  b i n d  many f o l d  o f  water 
molecules and thus making i t  l e s s  access ib le  t o  o the r  food 
a d d i t i v e s  t o  conduct such inves t i ga t i ons .  The i n c o r p o r a t i o n  o f  
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A 

7- 
0 5.6 Min 

Fi 

KHURANA A N D  HO 

3+4  

B 

1 
0 4.0 Min 

I 7. Resolution of food omponents on modified guar gum- 
PartiSphere-5 column (20 cm x 4.6 mm, I.D.) at 2OoC 
(Fig. 7 A )  and 7OoC (Fig. 7 B ) .  
Mobile phase: water; Flow rate: 1 mL/min; Amax = 254; 
Sample size = 10 pL. 
1. Ascorbic acid, 2. Niacin, 3. Phenylalanine, 4. 
Caffeine. 
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e s t e r  groups i n  the  guarn molecular ske leton makes i t  p o s s i b l e  
f o r  t h e  immobi l ized polysacchar ide t o  compete w i t h  water and 
n o n v o l a t i l e  food components s imultaneously.  
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