This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1l \L OF
LIQUID

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Determination of Interaction of Packaging and Food Components with
Packaging Matrix by HPLC

Amrik L. Khurana®;, Chi-Tang Ho®

@ Whatman, Inc., Clifton, New Jersey ® Department of Food Science Cook College New Jersey
Agricultural Experiment Station Rutgers, The State University of New Jersey, New Brunswick, New
Jersey

Supsoiical Fluid T
ana Tach:

Fi o Fract
Proparstsa & Anaktical Sap

Exfitess by
dack Cazes, Ph.D.

To cite this Article Khurana, Amrik L. and Ho, Chi-Tang(1989) 'Determination of Interaction of Packaging and Food

Components with Packaging Matrix by HPLC', Journal of Liquid Chromatography & Related Technologies, 12: 9, 1679 —
1686

To link to this Article: DOI: 10.1080/01483918908049534
URL: http://dx.doi.org/10.1080/01483918908049534

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918908049534
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 59 25 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY, 12(9), 1679-1686 (1989)

. KHURANA! AND CHI-TANG

YWhatman, Inc.

9 Bridewell Place

Clifton, New Jersey 07014
2Department of Food Science

Cook College
New Jersey Agricultural Experiment Station
Rutgers, The State University of New Jersey
New Brunswick, New Jersey (8903

ABSTRACT

Interaction of polymeric oligomers 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.

INTRODUCTION
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 or packaging itself. Inverse gas chromatography
(1, 2) have been used to study interaction of volatile food
components with the packaging products. Changes in thermodynamic
Parameters such as enthalpy of adsorption was used to conduct
such study. During the present investigation, HPLC has been used
to study interaction of nonvolatile components by immobilizing
polymeric material such as polyvinyl alcohol on the silica
support and using food based solvent like water as a mobile
phase.

EXPERIMENTAL

Materials

Poiyvinyl alcohol (PVA) of molecular weight 125,000, 95,000,
25,000 and 14,000, caffeine, niacin, methanol, glycerol and
acetonitrile were purchased from Sigma Chemical Co., Inc. (St.
Louis, MO). Epoxypropylsilanized PartiSphere-5 was obtained from
Whatman Inc. (Clifton, NJ).
Preparation of Packing Material

PVA of molecular weight 125,000 was immobilized on silica
support by reacting 10 g of epoxypropylsilanized PartiSphere-5
with 300 mL of 3.5% solution of PVA (larger excess amount) (pH
7.4) at 60-70°C for 2 hrs. Elemental analysis, 1. epoxypropyl-
silanized PartiSphere-5: C = 1.7%, H = 0.24%; 2. PVA bonded epoxy
phase: C = 3.7%, H = 0.48%.

The column was packed by slurrying the PVA immobilized phase
in methanol and applying a pressure of 6,000 psi. The unreacted
epoxy groups were deactivated by treating the columns with 2%
aqueous solutions of glycerol.

Sample Preparation

The solution of PVA of different molecular weights were
prepared by dissolving 100 mg of PVA (MW, 95,000) in 8 mL water,
100 mg of PVA (MW, 25,000) in 8 mL water and 200 mg of PVA (MW,
14,000) in 12 mL water. The solutions of caffeine and niacin
were prepared by dissolving 20 mg caffeine in 20 mL water and 20
mg of niacin in 5 mL water.
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HPLC Analysis

HPLC was performed by 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

L loop (Valco Instruments Co., Houston, TX) and a chart recorder
(Laboratory Data Control, Riviera Beach, FL). The columns were
run by using water as a mobile phase at 0.7 mL/min. Acetonitrile
was used as a reference to provide an unretained peak. The
enthalpy changes were determined from the slope of the plots of
InK’ against 1/T by using the equation 1 (3-6).

InK’ = AHO/RT - AS9/R + Ind (Equation 1)
RESULTS AND DISCUSSION

The capacity factor, K’, decreases on increasing the absolute
temperature of the column, T (3-6). The relationship between K’
and T is shown by equation 1 where AHO is the standard enthalpy
changes on transferring a solute from a stationary phase to a
mobile phase, 4 SO is the standard entropy change and & is the
phase ratio of the column. The standard enthalpy change can be
derived from the slope of the plots of 1nK’ against 1/T (van’t
Hoff’s plot). The value of A HO determines the effect of
temperature on the retention or it can decide the migration of
the residual materials from packaging to the container contents.

Figure 1 represents the plot of 1nK’ or capacity factor
against 1/T for polymeric oligomers. The values of AHO as
determined from the slopes of the graphs are shown in the Table
1.

Enthalpy of sorption showed negative values for all
oligomers. Negative values indicated an exothermic adsorption
process. It showed that there is interaction of all these probes
with the polymeric surface due to O--H bond formation etc. which
is weaker than their affinity for the mobile phase. It explains
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Fig. 1. Plot of InK’ or capacity factor against 1/T, where T is
the column absolute 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; Apax : 203; sample
size: 10 ulL in each case.
A. The linear plot of PVA of molecular weight 95,000

and 25,000.

B. The linear plot of PVA of molecular weight 14,000.

Table 1. Enthalpy of sorption of polyvinyl alcohol of different
molecular weights as determined from the Figure 1.

PVA AHO [Kcal/mol]
95,000 -6.103
25,000 -6.103

14,000 -4.715
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Fig. 2. Plot of 1nK’ or capacity factor against 1/T, where T is
the column absolute 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; Apax : 280; sample
size: 10 ul 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
250C to 47°C. 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 479C and 709C. Figure 2 represents the
plots of 1nK’ against 1/T. Table 2 exhibits the values of AHC
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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Fig. 3. Resolution of niacin from caffeine on PVA immobilized
epoxypropylsilanized PartiSphere-5 (20 cm x 4.6 mm,
[.D.). Mobile ghase: water; flow rate: 0.7 mL/min;
temperature: 47°C; apax : 280; sample: mixture
containing 20 mg each of niacin and caffeine in 40 mL
water; sample size: 10 ul.
1. Niacin 2. Caffeine.

Table 2. Enthalpy of sorption of niacin and caffeine as
determined from the Figure 2

Components AHO [Kcal/mol]

Niacin -2.428
Caffeine +1.734
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Fig. 4. Resolution of niacin from caffeine on PVA immobilized
epoxypropylisilanized PartiSphere-5 (20 cm x 4.6 mm,
1.0.). Mobile phase: water; flow rate: 0.7 mL/min;
temperature: 729C; Apay : 280; sample: mixture
containing 20 mg each o¥ niacin and caffeine in 40 mL
water; sample size: 10 ul.
1. Niacin 2. Caffeine.

migrate from the food based solvent such as water into the
packaging matrix such as polyvinyl alcohol due to its stronger
interaction for the surface.
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