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DETERMINATION OF INTERACTION OF 
PACKAGING AND FOOD COMPONENTS 

WITH PACKAGING MATRIX BY HPLC 

AMRIK L. KHURANA’ AND CHI-TANG H O ~  
llvllat??lnIl, IWC.  

9 Bridewell  Place 
Cliflow, New Jersey 07014 

2Depnrtnieiit of Food Science 
Cook College 

New Jersey Agricirlliiral Experiment Slntioit 
Rtrtgers, The Stale Uitii*ersity o f  New Jersey 

New Brrrnswick, New Jersey 08903 

ABSTRACT 
Interaction of polymeric 01 igomers of different molecular 

weights and food components with the packaging matrix was studied 
by immobilizing polyvinyl alcohol on silica support and using 
food based solvent like water as a mobile phase. The enthalpy of 
sorption data as determined from the slopes of the plots of 1nK’ 
against 1/T indicated an exothermic adsorption process for 
polymeric oligomers and niacin. An endothermic adsorption 
process for caffeine was observed. 

I NTROWCTION 
Polymeric materials are being used abundantly as containers 

for packaging of foods and drugs. The presence and migration of 
oligomers or residues of low molecular weight can affect the 
quality of packaged products. Therefore, it is important to 
study interaction of such residual materials from packaging with 
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food components o r  packaging i t s e l f .  Inverse gas chromatography 
(1, 2)  have been used t o  study i n t e r a c t i o n  o f  v o l a t i l e  food 
components w i t h  the packaging products. Changes i n  thermodynamic 
Parameters such as enthalpy o f  adsorpt ion was used t o  conduct 
such study. During the  present i nves t i ga t i on ,  HPLC has been used 
t o  study i n t e r a c t i o n  o f  nonvo la t i l e  components by immobi l iz ing 
polymeric mater ia l  such as po lyv iny l  a lcohol  on the  s i l i c a  
support and using food based so lvent  l i k e  water as a mobile 
phase. 

EXPERIMENTAL 
Mate r ia l s  

Po lyv iny l  a lcohol  (PVA) o f  molecular weight 125,000, 95,000, 
25,000 and 14,000, caf fe ine ,  n iac in ,  methanol, g l yce ro l  and 
a c e t o n i t r i l e  were purchased from Sigma Chemical Co., I nc .  (S t .  
Louis, MO). Epoxypropyls i lanized Part isphere-5 was obtained from 
Whatman Inc.  (C1 i f t o n ,  NJ). 
PreDarat i o n  o f  Packinq Mater ia l  

PVA o f  molecular weight 125,000 was immobil ized on s i l i c a  
support by reac t i ng  10 g o f  epoxypropyls i lanized Part isphere-5 
w i t h  300 mL o f  3.5% so lu t i on  o f  PVA ( l a r g e r  excess amount) (pH 
7 .4 )  a t  6O-7O0C f o r  2 hrs. Elemental analysis,  1. epoxypropyl- 
s i l an i zed  Part isphere-5:  C = 1.7%, H = 0.24%; 2 .  PVA bonded epoxy 
phase: C = 3.7%, H = 0.48%. 

The column was packed by s l u r r y i n g  the  PVA immobil ized phase 
i n  methanol and apply ing a pressure o f  6,000 p s i .  The unreacted 
epoxy groups were deact ivated by t r e a t i n g  the  columns w i t h  2% 
aqueous so lu t ions  o f  g l yce ro l .  
Sam1 e PreDara t i o n  

The so lu t i on  o f  PVA o f  d i f f e r e n t  molecular weights were 
prepared by d i sso l v ing  100 mg o f  PVA (MW, 95,000) i n  8 mL water, 
100 mg o f  PVA (MW, 25,000) i n  8 mL water and 200 mg o f  PVA (MW, 
14,000) i n  12 mL water. The so lu t i ons  o f  c a f f e i n e  and n i a c i n  
were prepared by d i sso l v ing  20 mg ca f fe ine  i n  20 mL water and 20 

mg o f  n i a c i n  i n  5 mL water. 
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HPLC Anal v s i  s 
HPLC was performed by using a v a r i a b l e  wavelength UV 

de tec tor ,  Spectrof low monitor SF-770 (Kratos A n a l y t i c a l ,  Ramsey, 
NJ); a programnable solvent d e l i v e r y  system, Ser ies 38 (Perk in -  
Elmer Corp., Norwalk, Conn.); a manual i n j e c t i o n  valve, w i t h  50 
L loop (Valco Instruments Co., Houston, TX) and a c h a r t  recorder 

(Laboratory Data Control ,  R i v i e r a  Beach, FL). The columns were 
run  by using water as a mobile phase a t  0.7 mL/min. A c e t o n i t r i l e  
was used as a reference t o  provide an unretained peak. The 
enthalpy changes were determined from the  slope o f  t h e  p l o t s  o f  
1nK’ aga ins t  1/T by using the  equat ion 1 (3-6). 

1nK’ = AHO/RT - ASo/R t l n 9  (Equation 1) 

RESULTS AND DISCUSSION 

The capac i ty  fac to r ,  K’ ,  decreases on inc reas ing  the  absolute 
temperature o f  the  column, T (3-6). The r e l a t i o n s h i p  between K ’  
and T i s  shown by equation 1 where AHo i s  the  standard enthalpy 
changes on t r a n s f e r r i n g  a so lu te  from a s ta t i ona ry  phase t o  a 
mobi le phase, A S o  i s  the  standard entropy change and 9 i s  the  
phase r a t i o  o f  the  column. The standard enthalpy change can be 
der ived  from the slope o f  the  p l o t s  o f  1nK’ against  1/T ( van ’ t  
Hof f ’ s  p l o t ) .  The value o f  h Ho determines the  e f f e c t  o f  
temperature on the  r e t e n t i o n  o r  i t  can decide the  m ig ra t i on  o f  
the  res idua l  mater ia ls  from packaging t o  the  conta iner  contents.  

F igure  1 represents the  p l o t  o f  1nK’ o r  capac i ty  f a c t o r  
aga ins t  1/T f o r  polymeric ol igomers. The values o f  AHo as 
determined from the  slopes o f  the  graphs are  shown i n  the  Table 
1. 

Enthalpy of so rp t i on  showed negat ive values f o r  a l l  
01 igomers. Negative values i nd i ca ted  an exothermic adsorp t ion  
process. I t showed t h a t  there  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  polymeric surface due t o  0 - H  bond format ion e t c .  which 
i s  weaker than t h e i r  a f f i n i t y  f o r  the  mobi le phase. It exp la ins  
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3.0 3.1 3.2 3.3 3.4  IIT x1o3 

Fig. 1. P lo t  of 1nK' o r  capaci ty f a c t o r  against  1/T, where T i s  
the  column absolute temperature. 
Column: PVA (MW, 125,000) immobil ized epoxypropyl- 
s i l an i zed  Part iSphere-5 (20 cm x 4.6 mm, 1.0.). Mobile 
phase: water; f l ow  ra te :  0.7 mL/min; 
s ize:  10 PL i n  each case. 
A. The l i n e a r  p l o t  o f  PVA o f  molecular weight 95,000 

and 25,000. 
B. The l i n e a r  p l o t  o f  PVA o f  molecular weight 14,000. 

Amax : 203; sample 

Table 1. Enthalpy o f  sorp t ion  o f  po l yv iny l  a lcohol  o f  d i f f e r e n t  
molecular weights as determined from t h e  Figure 1. 

PVA AHo [Kcal/mol] 

95,000 
25,000 
14,000 

-6.103 
-6.103 
-4.715 
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Fig. 2 

2.8 2.9 3.0 3.1 3.2 3.3 3.4 1IT xloJ 

Plot of 1nK' or capacity factor against 1/T, where T is 
the column absol Ute temperature. 
Column: PVA (MW, 125,000) immobilized epoxypropyl- 
silanized Partisphere-5 (20 cm x 4.6 mm, I.D.). Mobile 
phase: water; flow rate: 0.7 mL/min; Amax : 280; sample 
size: 10 rL in each case. 
A.  The linear plot of niacin. 
B. The linear plot of caffeine. 

their fast elution from the column at various temperatures from 
25OC to 47%. It indicates that it will be possible for these 
types of residual oligomers to migrate from the packaging system 
of polymeric matrix such as polyvinyl alcohol into the water 
based food systems. 

Figures 3 and 4 show the resolution of food components such 
as niacin and caffeine at 47OC and 7OoC. Figure 2 represents the 
plots of 1nK' against 1/T. Table 2 exhibits the values of A H o  
determined from the slopes of the graphs in the Figure 2. 

Enthalpy of sorption in these cases showed negative value in 
case of niacin and positive value in case of caffeine. These 
values indicated an exothermic adsorption process for niacin and 
exothermic value for caffeine. This indicates that the polar 
component like niacin exhibits interaction with surface due to N 

" ' H  bond formation etc. It is evident from negative AHo value 
that niacin shows more interaction with the surface than 
caffeine. It is possible for the polar component like niacin to 
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4.2 5.7 7.5 

F ig .  3 .  Resolution o f  n i a c i n  from c a f f e i n e  on PVA immobil ized 
epoxypropylsi lanired Part isphere-5 (20 cm x 4 . 6  mm, 
I . D . ) .  Mobi le hase: water; f low r a t e :  0 . 7  mL/min; 

containing 20 mg each o'c n i a c i n  and c a f f e i n e  i n  40 m L  
water; sample s ize :  10 rL. 
1. Niac in  2. Caf fe ine .  

temperature: 47 1 C ;  Am, : 280; sample: mixture 

Table 2 .  Enthalpy o f  sorpt ion o f  n i a c i n  and c a f f e i n e  as 
determined from t h e  Figure 2 

Components A Ho [Kcal/mol 3 

N i a c i n  
Caf fe ine  

-2.428 
t1 .734  
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2 

Fig.  4.  Resolut ion o f  n i a c i n  from c a f f e i n e  on PVA immobi l ized 
epoxypropyls i lanized Part iSphere-5 (20 cm x 4 .6  mm, 
I.D.). Mobile hase: water; f l ow  ra te :  0.7 mL/min; 

con ta in ing  20 mg each o f  n i a c i n  and c a f f e i n e  i n  40 mL 
water; sample size: 10 r L .  
1. N iac in  2. Caffeine. 

temperature: 72 1 C; Ama : 280; sample: m ix tu re  

migrate from the  food based so lvent  such as water i n t o  the  
packaging ma t r i x  such as p o l y v i n y l  a lcohol  due t o  i t s  s t ronger  
i n t e r a c t i o n  f o r  the  surface. 

ACKNOWLEDGEMENT 
New Jersey A g r i c u l t u r a l  Experiment S t a t i o n  Pub l i ca t i on  No. D-  

10205-3-89 supported by Sta te  Funds and Hatch Regional P ro jec t  
NE- 116. 

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



1686 

REFERENCES 

KHURANA AND HO ' 

1. Carrillo, P. J., Gilbert, S. G. and Daun, H. J. Food Sci. 
- 53, 1199 (1988). 

2 .  Coelho, U . ,  Miltz, J. and Gilbert, S. 6. Macromolecules 12, 
1226 (1988) 

3. Hafkenscheid, T.  L. and Tomlinson, E. J. Chromatow. 122, 
47 (1976). 

4. Karger, B. L . ,  Snyder, L .  R.  and Eon, C. J Chromatow. 125, 
71 (1976). 

5. Szanto, J. I. and Veress, T. ChromatowaDhia 0, 596 (1985) .  

6 .  Tijssen, R . ,  Billet, H. A.  and Schoenmakers, P. J. 
J. Chromatow. 122, 185 (1976). 

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


