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CHROMATOGRAPHY OF IFOOD PRESERVATIVES ON
POLYAMIDE LAYERS AND COLUMNS
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SUMMARY
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The separation of eight kinds of food preservative by one- and two-dimensional
chromatography on polyamide layers was investigated. A comparison was made
between the detection limits on polyamide and silica gel layers, and the superiority of
the polyamide thin layers was confirmed.

The separation of the food preservatives on a polyamide column with two types
of elution system was established. The recovery of these compounds was satisfactory:.

INTRODUCTION

After establishing the efficacy of polyamide in chromatography!-7, it has been

ed extensivelv to column and thin-laver rhrnmnfnm'qnhv where it was found
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that the separatlon was very much 1nﬂuenced by the hydrogen bond formed between
1
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This p’Lper deals with the separatlon of food preservatlves (aromatic acids with
and without a puenouc nu—grol.ip and its cuKy'J. esters, and some other conventional
preservatives) by column and thin-layer chromatography using polyamide as the

chromatographic medium.

..-

EXPERIMENTAL

Materials
Polyamide powder from two sources, Polyamide Woelm TLC and Waké Poly-
amide B-10* were used for thin-layer chromatography while for the column chromato-

graphy only Polyamide Woelm was used.
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TLC AND CC OF FOOD PRESERVATIVES 475

The food preservatives used in this experiment are of a specially refined grade.
The chemical and optical characteristics of the preservatives are as listed in Table I.

Preparation of the polyamide chromatoplates

(a) One gram of Polyamide Woelm TLC was mixed with 12 ml of ethanol to
give a homogeneous suspension, which was spread evenly with a suitable applicator on
a glass plate (20 X 20 cm) to a thickness of 0.25 mm. The plate was dried in air at
room temperature and stored in a desiccator.

(b) Fourteen grams of Waks Polyamide B-10 were made into a homogeneous
suspension by mixing it with 56 ml of distilled water. The chromatoplate was pre-
pared in the same way as (a).

Solvent systems for thin-layver chromatography
The solvent systems (A-I7) used in the experiments are listed in Table II.

A pplication of samples and development of chromatoplates

For one-dimensional chromatography, 0.5 ul of an 0.2 %, (w/v) ethanolic solution
of each preservative was applied except for dehydroacetic acid and benzoic acid
where 1.5 ul of a sample of the same concentration was used. Sample application was
made on a line 3 cm from the lower edge, and the sample was developed by the as-
cending method.

In order to ensure the equilibration of the vapor in the chamber, the inside
was lined with filter paper soaked in the solvent.

The development was continued until the solvent reached 12 cm from the point
of sample application.

For two-dimensional chromatography, 1 ul of an 0.2 %, (w/v) ethanolic solution
of the samples was applied; as above increased amounts (2 ul) of dehydroacetic acid
and benzoic acid were applied. Samples were spotted at a point 3 cm from both edges.

Detection of the spots on the chromatoplates

The spots can be seen under UV light as dark areas against a bright back-
ground, but for confirmation’s sake p-hydroxybenzoic acid, its esters, and salicylic
acid were detected as reddish violet spots by spraying with diazotized sulfanilic acid
reagent; and dehydroacetic acid, sorbic acid and benzoic acid gave reddish spots
against a yellow background with Methyl Red reagent.

The composition of the reagents used are as follows:

Diazotized sulfanilic acid. One gram of sulfanilic acid, dissolved in 8 ml of conc.
HCI] and roo ml of distilled water, is added to the same volume of 0.69 9% NaNO,
solution.

Methyl Red. A mixture of 10 ml of 0.1 %, ethanolic solution of Methyl Red and
20 ml of 0.1 M phosphate buffer (pH 7.0).

Preparation of the polyamide column and application of samples

Forty-five grams of Polyamide Woelm were washed with distilled water, meth-
anol and chloroform, successively. After drying in air, the washed polyamide powder
was suspended in the same solvent as that used for elution, and the powder was packed
into a glass column (1.7 X 50 cm) to form a column bed of 45 cm height. The samples
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476 K. NAGASAWA, H. YOSHIDOME, R. TAKESHITA

TABLE II
SOLVENT SYSTEMS FOR CHROMATOGRAPHY OF FOOD PRESERVATIVES ON POLYAMIDE LAYERS

Symbol  Components Ratio
(vlv)

A MeOH-H,0 6:4

B Acetone-H,0 5:5

C MeOH-AcOH-H,0 5:1:4

D MeOH-conc. NHy;—H,0 217

E AcOH-H,0O 3:7

¥ n-Hexane—AcOH 8:2

TABLE 111
FRpr VALUES OF FOOD PRESERVATIVES ON POLYAMIDE LAYERS
(a) Ry valites on polyamide (Woeln)

Sample Solvent system
A B C D E F

Salicylic acid 0.05 0.05 o.18 0.56 0.14 0.25
£-Hydroxybenzoic acid 0.13 0.18 0.30 0.96 0.10 0.04
Ethyl p-hydroxybenzoate 0.32 0.41 0.38 0.64 0.106 o.1I
n-Propyl p-hydroxybenzoate 0.27 0.37 0.32 0.55 0.10 0.15
7n-Buty] p-hydroxybenzoate 0.22 0.32 0.29 0.44 0.07 0.19
Benzoic acid 0.I4 0.21 0.40 0.85 0.23 0.56
Sorbic acid 0.20 0.29 0.56 0.92 0.32 0.64
Dehydroacetic acid 0.18 0.25 0.73 0.79 0.54 0.45

(8) Ry values on polyamide (Wahkd B-10)

Sample Solvent systemn
- A B C D D o

Salicylic acid 0.12 0.16 0.25 0.75 0.29 0.40
P-Hydroxybenzoic acid 0.31 0.34 0.53 0.95 0.33 0.06
Ethyl] p-hydroxybenzoate 0.53 0.63 0.61 0.76 0.34 0.15
n-Propyl p-hydroxybenzoate 0.49 0.58 0.56 0.68 0.25 0.21
1z-Butyl p-hydroxybenzoate 0.44 0.54 0.52 0.58 0.18 0.28
Benzoic acid 0.34 0.33 0.66 0.91 0.43 0.62
Sorbic acid 0.43 0.44 0.72 0.93 0.55 0.68
Dehydroacetic acid 0.45 0.40 0.83 0.86 0.73 0.59

(each 10 umoles) were dissolved in 5 ml of the same solvent and applied on the top
of the column. The elution was performed at a flow rate of 0.22-0.25 m! per min, and
each 3.5 ml fraction was collected. The concentration of the food preservatives in
the fractions was determined by measuring the absorbancy at its A max* in the me-
dium used for elution.

" In the case of benzoic acid, the absorbancy was measured at 240 mye, as benzoic acid has
no absorption maximum in HyO-AcOH-MeOH (5.5:0.5:4).
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TLC AND CC OF FOOD PRESERVATIVES 477

RESULTS AND DISCUSSION

Thin-layer chromatography

The solvent systems suitable for the separation of the food preservatives on
polyamide layers are summarized in Table II. They are classified into two types, sol-
vents A-E and solvent F, according to the polarity of the constituent solvents. Tables
111 a and b show the Ry values of the food preservatives in the above solvent systems.

It may generally be concluded from these tables that the Woelm Polyamide
possesses stronger adsorption properties than the Waks Polyamide B-10.

Hydrogen bonding effects can be observed from the Ry values of salicylic acid
and p-hydroxybenzoic acid which are known to form an intra-molecular hydrogen
bond and inter-molecular hydrogen bond, respectively.

Comparison of the differences in the Ry values of these compounds in any two
types of solvent A—IE£ or one of these and solvent F shows that a complete separation
could be obtained by two-dimensional development in either of the following com-
binations:

Solvent B-Solvent F

Solvent B-Solvent E

Of all the possible combinations of the solvent systems listed in Table 11, these
two combinations gave the best distribution of spots on the chromatograms (Fig. 1).

«—Solvent front -— Solvent front
o 0 ©
3~0, 0 Q
“9 79 0?3 0 Q
9) S O 5 7 B
: s 0 Q
H H
L d -
Q q
origin - b Origin —_— 4
2nd Solvent F Solvent front

2nd Solvent E

Solvent front

FFig. 1. Two-dimensional chromatograms of food preservatives on polyamide layers. 1 = salicylic
acid; 2 = p-hydroxybenzoic acid; 3 = cthyl p-hydroxybenzoate; 4 = n-propyl p-hydroxyben-
zoate; 5 = mn-butyl p-hydroxybenzoate; 6 = benzoic acid; 7 = sorbic acid; 8 = dehydroacetic
acid.

One of the characteristics of the polyamide thin layers is to give a bright back-
ground in transmitted UV light, and this phenomenon provides a highly sensitive
method of detection of UV-absorbing substances on the chromatoplate?:19, As shown
in Table I, all the food preservatives tested absorb the UV light, thus they are all
detectable as dark spots under transmitted UV light. In Table IV, a comparison is
made between the detection limit of the spots on polyamide layers and on silica gel
layers. It can be seen from Table IV that the detection of these substances is more
sensitive on polyamide layers than on silica gel layers. With regard to other methods
of detection of the spots, the Methyl Red reagent and the diazotized sulfanilic' acid

reagent can be used on the polyamide layers as well as on silica gel layers (see EX-
PERIMENTAL).
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478 K. NAGASAWA, H. YOSHIDOME, R. TAKESHITA

TABLE IV
DETECTION LIMITS OF FOOD PRESERVATIVES BY UV ABSORPTION ON POLYAMIDE LAYERS AND SILICA
GEL LAYERS

Sample : Polyamide Silica geln
in ug in ug
Salicylic acid o.I 0.5
#-Hydroxybenzoic acid 0.25 5—10
Ethyl p-hydroxybenzoate 0.25 5—1I0
n-Propyl p-hydroxvbenzoate 0.25 5—10
n-Butyl p-hydroxybenzoate 0.25 5—10
Benzoic acid kL 50P
Sorbic acid 0.25 5—10
Dehydroacctic acid 2b 25—50"Y

& Fluka Silica gel (Fluka AG, Chemische IFabrik, Switzerland) was used.
b The low sensitivities of both these compounds are due to the large discrepancy between
their absorption maxima and the wave length (2537 A) of the UV light (see Table 1).
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IFig. 2. Separation of food preservatives by polyamide column chromatography. Samples: 1 = de-
hydroacetic acid; 2 = sorbic acid; 3= benzoic acid; 4 = p-hydroxybenzoic acid; 5 =salicylic
acid; each 10 ymoles applied. Column: Polyamide Woelm for column use; 1.7 X 45 cm,

1.5 Hz0«NH3 (99:1, w/w)

1.0+

umoke/mi

o.5F
o 80 100 150 200 250 300 350
Efuate (ml) '
Fig. 3. Separation of food preservatives by polyamide column chromatography. Samples: 1 = p-
hydroxybenzoic acid; 2z = ethyl p-hydroxybenzoate; 3 = n-propyl p-hydroxybenzoate; 4 = 7n-

butyl p-hydroxybenzoate; each 10 gmoles applied. Column: Polyamide Woelm for column use;
1.7 X 45 cm,
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Column chromatography

Suitable conditions for the separation of the food preservatives on column
chromatography have been established as shown in Figs. 2 and 3. A mixture of salicylic
acid, p-hydroxybenzoic acid, benzoic acid, sorbic acid and dehydroacetic acid was
separated on a polyamide column by stepwise elution using two elution systems: (1)
H,0-AcOH-MeOH (5.5:0.5:4) and ( 2) H,O-AcOH-MeOH (3:1:6) successively (Fig.

2). The recovery of the s;unnles in thic separation syvetem was satisfactory, as is shown:

e wai 3SR N tisIac = 2 SaiiA WY

dehydroacetlc acid 95.5 %, sorblc acid g6.5 %, benzoic acid 101.2 %, j)-hydroxyben-

i 13 14 1 o/ 3
zoic acid 100.1 %, salicylic acid 103.2 %. An elution procedure using water containing

NH,; (1 9%, w/w ) was selected for the separation of a mixture of p- hydroxybenzoxc acid
ana ltS a.u(yl esters, bep"tfauon was attamea as SDOWH lIl L‘Ig 5 B.I].Cl. recovery was dlSO
good: p-hydroxybenzoic acid g2.09%,, ethyl p-hydroxybenzoate 96.0 %, #-propyl p-
hydroxybenzoate g8.3 %, n-butyl p-hydroxybenzoate gr.0 %.

Because neither of the elution media above used has any absorption in the UV,
the concentration of each preservative in the fractions was directly determined by

measuring the absorbance at the 4 max (see Table I).
CONCLUSION

Twhf kinds of food p vative, wh

lich inc 1y
pounds, one enolic hydro‘cyl mpound and two ca rbo*cyhc compounds, were sepa-
7n f\‘F
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solvents us ed, it was noticed that some hydrogen bondlng forces have a definite effect
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amide molecule, and that the polarity of the solvents exerts a considerable influence
on the hydrogen bonding. The detection of the spots on the polyamide layers by the
UV absorption method is 5—20 times more sensitive than for those on silica gel layers.
This confirms that polyamide layer chromatography is suitable for the micro-analysis
of food preservatives.

The conditions for the separation of these substances on a polyamide column
were established. The simultaneous separation of all the samples was not possible, but
by combining two types of elution system, viz., a H,;O-AcOH-MeOH system and
a H,0O-NH, system, good separations in two groups of samples were attained. The
recovery of the samples separated on the polyamide column was also satisfactory.
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