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ABSTRACT

pg/spot with a detection limit 0.16 pg/spot. The
standard procedure employing HPLC method.

A convenient and low cost thin layer chromatography (TLC) - image analysis method was developed for the determination and
guantification of propyl gallate PG in some vegetable oil samples. Chromatographic separation of PG was achieved on silica gel
TLC plates using benzene-ethyl acetate-methanol-glacial acetic acid as a mobile phase and Folin-Denis's reagent for spot
detection . Image analysis of the TLC plates using a scanner linked to a computer was performed to quantify the amount of
PG, the approach was accurate , specific, reliable for the analysis of PG in the selected oil samples, with the possibility of
analyzing simultaneously 25 samples in addition to the standard curve spots. Propyl gallate calibration curve was linear up to 1
results of analyzing PG using the previous approach were compared to a
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INTRODUCTION

ynthetic antioxidants are widely used as food

additives to prevent rancidity since natural

antioxidants are usually of poor stability, food
manufacturers prefer to use synthetic phenolic
antioxidants (SPA) such as propyl gallate (PG), tertiary
butyl hydroquinone (TBHO), butylated hydroxyanisol
(BHA) and butylated hydroxytoluene (BHT) which are
used in edible vegetable oil and cosmetics™?.

Propyl gallate, as synthetic phenolic antioxidant, display
high chemical activity for suppressing chain initiation, or
breaking chain propagation of peroxidation of
unsaturated fatty acids.

In most countries the content of phenolic antioxidants in
processed food is strictly limited.

In order to comply with safety and hygiene controls for
food, it is very important to establish an effective and
convenient qualitative and quantitative method.

The methods for analyzing antioxidants in food include
UV - Visible spectrophotometric method, paper and thin-
layer chromatographic, high performance liquid
chromatography (HPLC)*®, gas chromatography (GC)®’,
ion chromatography (IC)°, capillary electrophoresis (CE)”
" high performance liquid chromatography electro spray
mass spectrometry (HPLC-MS)12 and gas chromatography
—mass spectrometry (GC-MS)B.

At the end of the 20" century, due to development of
digital electronics, digital imaging and analyzing were
applied to qualitative analysis in gel electrophoresis' and
also to the quantitation of TLC™. Despite the low cost of
the digital imaging and analyzing system, compared to
TLC slit-densitometry, this technique was not widely used

because of the existence of other competitive
technologies, in addition to the immaturity of this
technology itself.

Recently the performance of image analysis system using
a digital camera in dark box improved greatly'®, which
made the use of such a system a very good prospect for
TLC quantitation. Therefore, we investigated the digital
image analysis system; by replacing the digital camera
with a scanner to simplify the imaging of TLC.

The scanner was coupled with a computer equipped with
a convenient program (soft ware)."’

The purpose of this study was to establish a simple, rapid,
precise and low cost method for the separation and
quantification of propyl gallate in some food samples
using image analysis system.

MATERIALS AND METHODS
Reagents

Propyl gallate (purity > 98 %) was purchased from Fluka,
silica gel thin layer plates pre-coated aluminum were
purchased from macherey - nagel. Folin-Denis® reagent
from Fluka for spot detection (10 ml diluted to 40 ml with
2% sodium carbonate)

All reagents were of analytical reagent grade.
Apparatus

Samples solution was applied to the plates with
micropipettes (Brand). The plates were developed in glass
chamber (Camag). The images were acquired with a
scanner (plug- N- scan 1248 UB Mustek scanner) of 600
DPI resolution, Bitmap image (bmp).
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Samples preparation

Twenty test samples including five samples of soybean oil,
cottonseed oil, corn oil and sunflower seed oil were
purchased from local supermarkets in Damascus, Syria.

Samples for the TLC were prepared as following: 10 g of
edible vegetable oil were weighed into a glass centrifuge
tube and 2 ml ethanol was added. The extraction was
performed by shaking the tube for 5 min, and then
centrifuged for 5 min at 2000 rpm. The ethanol phase was
collected and the oil phase was subsequently re-extracted
twice in the same way. All the ethanol phases were
combined and vaporized up to 1 ml.

Standard curve Preparation

Exactly 100.0 mg of PG were dissolved in 100.0 ml
volumetric flask. Appropriate dilutions of this stock
solution were made by ethanol to yield 1, 0.875, 0.75, 0.5,
0.25 mg/ml of propyl gallate.

For the HPLC analysis, the standard reference method of
the AOAC was used®,

Column: Eurospher ODS 25 cm x 4.6mm, 5 pm particles.

Mobile phase: 5% Acetic Acid-
water/Methanol/Acetonitrile
=6/2/2 (v/v/v)
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Flow rate: 2 mL/min.
Temp: ambient
Detector: UV, 280 nm
Injection: 20 pL.

TLC procedure

1 ul of each samples were applied to the silica gel plate.
The plate was developed using benzene: ethyl acetate:
methanol: acetic acid (25: 5:5:1) as a mobile phase, the
plate was removed when the mobile phase migrated (10)
c¢cm and then dried. For visualizing, plate was sprayed
with Folin-Denis® reagent.

Digital image analyzing

The digital image of the plate was acquired using a
scanner (600 DPI: resolution) and transferred to the
computer. The image was properly cropped and saved in
bitmap (bmp) format, and analyzed."’

RESULTS
Calibration curve

One pl of each standard solution were applied to the
plate and it was developed and its digital image was
analyzed fig (1). It was found that calibration curve was
linear over 0.25-1 pg (R2:0.995) fig (2).
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Figure 1: TLC image of standard curve spots and their corresponding peaks
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Figure 2: Calibration curve of PG
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Figure 3: The image of six 0.75 pg/spot and their corresponding peaks
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Detection limit

The standard solution 1mg/ml was diluted to 1:6 and 1 pl
of the diluted solution was applied onto the plate, and
then assayed; the limit of detection (LOD) was 0.16
ug/spot.

Repeatability

Six parallel spots of the concentration 0.75 mg/ml were
applied on the plate using a 1 pl micropipette and
assayed. The following values of peaks area were

obtained: 194.8656-194.1276-196.2855-195.3424-
197.2890-198.7632 (RSD = 1.9 %) fig (3).

Recovery

Oil samples extracts of known propyl gallate

concentration were spiked with propyl gallate standard.
The spiked samples were analyzed in the duplicated.
Analysis of the samples gives recoveries in the range 92-
101.3% as shown in table 1.

Table 1. Analytical recoveries of standard glutamate
additions to oil extract

PG added (mg/ml) PG found (mg/ml) % Recovery
0 0 -
0.25 0.23 92
0.33 0.31 93.9
0.5 0.48 96
0.75 0.76 101.3
1 0.98 98

Table 2: Comparison of PG level in oil samples obtained
from local supermarkets by using TLC-image analysis
method and HPLC method (n = 3).

Name of Sample PG (mg/mi)
TLC-image analysis  HPLC
soybean ail (1) n.d. n.d.
soybean ail (2) n.d. n.d.
soybean ail (3) n.d. n.d.
soybean oil(4) n.d. n.d.
soybean ail(5) n.d. n.d.
cottonseed oil(1) n.d. n.d.
cottonseed 0il(2) n.d. n.d.
cottonseed oil(3) n.d. n.d.
cottonseed oil(4) n.d. n.d.
cottonseed oil(5) n.d. n.d.
corn oil(1) n.d. n.d.
corn 0il(2) n.d. n.d.
corn 0il(3) n.d. n.d.
corn oil(4) n.d. n.d.
corn 0il(5) n.d. n.d.

sunflower seed oil(1) n.d. n.d.

sunflower seed oil(2) n.d. n.d.

sunflower seed oil(3) n.d. n.d.

sunflower seed oil(4) n.d. n.d.

sunflower seed oil(5) n.d. n.d.
n.d.: not detected
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Analysis of food Samples

In order to evaluate the effectiveness of the proposed
method, a variety of edible vegetable oils from different
manufactories were selected for analysis table 2.

DISCUSSION

To have an optimal extraction, we took in consideration
the solubility of PG in several solvents (methanol-
acetonitrile-ethanol), we choose ethanol because it is less
toxic from other solvents (methanol- acetonitrile) when
evaporated. The extracts were concentrated by
vaporization up to 1 ml to increase the sensitivity of the
method.

The recovery of extraction was increased from 75% to
achieve 98% in the third extraction.

In the literature, silica gel plates with several mobile
phases system were used in TLC assay of propyl gallate
present in oil samples, and FeCl; was widely used for spot
detection.”

When experimenting the system chloroform- acetic acid
(17:3), which was used to separate octyl gallate, dodecyl
gallate and propyl gallate in food samples.?’ It was found
that it could not develop propyl gallate and separate it
from the others in oil samples.

A number of other mobile phases such as aceton-water
5:3, benzene-ethyl acetate-methanol 25:5:5 were also
experimented. Our observations revealed that the later
could develop propyl gallate, but, unfortunately, with
sever tailing, therefore, the addition of acetic acid
reduced the tailing.

A satisfactory separation was obtained by using a mobile
phase:benzene-ethyl  acetate-methanol-acetic  acid
(25:5:5:1).

Using the proposed solution of Folin reagent for spot
detection gave less colored background of the plate than
other reagents (FeCl;-AgNO;) with a convenient
sensitivity.

Once spraying the plate with Folin reagent, the whole
plate was colored, which led to an interference of the
resulting background with the color of the spot.

To eliminate the interference of the reagents color, the
reading of an area PG free and equal to that of a spot was
subtracted.

The same results were obtained by subtraction the
reading of blank spot obtained from oil sample PG free
examined by HPLC.

The calibration curve cannot start from zero, if we do not
subtract the mentioned blank value from the reading of
the calibration curve spots, and it started from zero when
this subtraction was realized.

Pure substances were used in the quantification studies
of TLC - image analysis, with validation depending only
on a calibration plot21. The validation in the proposed
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method was performed with many additional items
according to the Analytical Procedures of International
Conference on Harmonization (ICH).?

The obtained linearity (R?=0.995), repeatability (RDS 1.6
%), detection limit (LOD = 0.16 ug/spot), and accuracy
were all satisfactory.

Because of the high cost of a slit - scanning densitometry,
which is not much less than that of the HPLC?, the image
analysis using a digital camera was proposed, the later
exhibits a major limitation concerning the homogeneity
lighting of the spot, causing unstable baseline, and the
existence of lens in the camera decreases the reflected
light which affects the quality of the image, in addition to
the necessity of using a dark cabinet which render it more
expensive.?!

In this study we used a scanner to acquire the image of
TLC plates, which

Provides a homogenous lighting which increases the
accuracy by improving the quality of the image and
decreasing the background noise without using a dark
cabinet, and it offers the possibility of simultaneous
analysis of at least 25 samples (six slides 10 x 10 c¢cm)
regarding the surface of the scanner.

This method is not solvents consumption in comparison
to HPLC and GC.

The simplicity of the materials which are available in most
laboratories where HPLC and slit- densitometry is very
expensive and not available in all laboratories.

The proposed method offers another alternative for the
qualitative determination of PG in oils and it gave good
results and can be carried out easily with facilities existing
in most analytical laboratories.

To evaluate the effectiveness of the proposed method, it
was applied to the analysis of a total of twenty samples of
edible vegetable oils from different manufactories.

PG was not found in any sample, the addition of PG to the
oil is inappropriate for frying due to its poor stability at
high temperatures, it decomposes at its melting point of
148°C.”

The results of analyzing PG using the previous
approach were compared to a standard procedure
employing HPLC method which gave the similar results.

PG is permitted for food use by the FDA and the USDA at
0.02% and 0.01%, respectively. Linearity of the calibration
curve covers limited range of concentration between
(0.25 -1 pg). The calibration curve does not cover the
permitted of value (0.01-0.02%).

In case of sample with high concentration, it is
recommended to reduce the quantity of the sample, thus
the proposed method will be able to determine any
concentration of food samples.
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The obtained results by the proposed method for
analyzing some edible vegetable oils were similar to those
obtained by Ni. Y et al, 2000.%

CONCLUSION

TLC- image analyzing method by using a scanner for the
determination of propyl gallate in some oil samples has
some advantages over several current methods, such as
simplicity in application where no complicated
instruments are needed and, rapidity where 25 samples
could simultaneously be analyzed in relatively short time.

Low cost method in comparison with other methods
especially HPLC and slit - scanning densitometry. The use
of a scanner has the advantage of realizing homogeneity
of lighting and without the need of dark cabinet as in the
case of a digital camera. The method was validated and
found to be accurate, reliable and convenient for the
analysis of propyl gallate in oil samples.
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