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At the present time, the use of substances with preservative properties is wide-spread
in food technology. In many countries the addition of preservatives is now regulated
by food legislation. Benzoic acid, sorbic acid, the ethyl and propy!l esters of p-hydroxy-
benzoic acid, and the corresponding sodium salts, are permitted in most European
countries. Reliable methods for‘the"analysis of these preserving agents, preferably by
chromatography, are therefore of prime importance to laboratories workinginthis field.

Many paper chromatographic ‘systems have been devised for the purpose. A
suitable system was described by JArRczYNsKI!, using the upper layer of the mixture
n-butanol—gs % ammoma—water (70:20:10), to - which 2.5% of 96% etha.nol 1s
added. In the Netherlands many laboratories are using this procedure, vide CATS?.
However, the time-consuming character of the paper chromatographic analysis may
sometimes present .difficulties. Furthermore, few . colour reactions speclﬁc for the
various types of preservatives have been described in the literature**. = -

The techmque of thm-la.yer chromatography (T.L.C.) may be advantageous es-
pecially since more aggressive reagents can be apphed on chromatoplates and the
analysis time may be decreased. considerably..

Separation of the methyl, ethyl, propyl, and n-butyl estels of p-hydroxybenzmc
acid has been described by GANSHIRTS. Kxeselgel G-coated . chromatoplates .. were
strongly activated (2 h at 160°) and developed in the solvent mixture pentane-acetic
acid (8:2). The four esters-are completely fractionated. However, we did not succeed
in separating benzoic acid and sorbic acxd either on normally or on strongly activated
kieselgel G plates.

At the time of this 1nvest1gat10n no other papers dealing with T.L.C. of preserv-
atives had come to our notice. :

CELLULOSE CHROMATOPLATES

To begin with, we 1nvest1ga.ted the mlgratlon rates of benzoic acid and sorbic acid
in several polar solvent mixtures using chromatopla.tes coated with a cellulose layer
(cellulose powder MN 300, gypsum-free) The _best separatxon, compara.tlvely, of

* Rij kszuwelstatmn. Vreewq kstraat 12 B, Lexden PO e '

L In our laboratory we are accustomed to use a procedure of developmg the spots of sorbxc acid
and benzoic acid on paper strips. Successive spraying with a bromophenol blue-methyl red mixture
and with potassium permanganate vields yellow-green and purple %pots respectively. The sorbic
acid spot may be detected specifically by spraying first with a 169, pota.ssmm dichromate solution
and afterwards with a saturat;d thiobarbituric acid solutxon Sorbxc acid. 15 revealed by a bnght
red coloured spot. . _
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these two preservatives was obtained in the n-butanol-ammonia-water (70:20:10)
mixture described by Jarczynskr, but in this system the development procedure
still takes about 5-6 h. The degree of separation of benzoic acid and sorbic acid is only
sllghtly better than when paper strxps are used (see Fig..1). The Rp values of several
preserva.twes m th1s system are gwen in Ta.ble I.

e
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Fxg I. Separa.tlon of preserva.txves on cellulose pla.tes in n-butanol—s 5 % ammonia-water (7o 20
10). Spotted amount’ = 100 8- Detection: bromophenol blue, followed by potassinm peérmanga-
na.te Spot I ‘= saheyhc acxd Spot 2= sorbxc acld Spot 3 =a benzoxc acxd—sorbxc acxd mixture

: In thls system the methyl ethyl and propyl esters of p—hydroxybenzmc ac1d are
completely sepa.rated

The:spots-are: developed by spra.ymg successwely w1th a bromophenol blue-
methyl red mixture and with potassium: perma,ngama.te1 :

“The cellulose. plate is dried thorougly in air:(with care on-account of acxd va.pour)
-Bromophenol blue (x20 mg) is dissolved:in 100' ml of water and 60 mg of methyl red
in-‘z00 ‘ml. of 96 % “ethanol. The two solutions are mixed and 100 ml of phosphate
buffer (pH == 7 17) is: a.dded The plate 1s sprayed mtenswely w1th th1s mlxture and

TA.BLE I

Rp AND - R,s* VALUES oF PRESERVATIVES ON CELLULOSE. CHROMATOPLATDS IN ’n-B'UTANOL—35%
AMMONIA~-WATER (70:20:10) " o

"“Kammeriiberséittigung’’. Spotted amount = 100 ug.

' Rpvalue " Rg value
: o o _'Benzoxc a.c:.d R - T- S - W -7 S
Ttir T Sopbic aedd et T 0dg8L vt S xiop
Lot o Balicylic, aexd G 056, o E=Te Y
‘Dehydroacetlc a.c:d 0.09 : 0.16
- p-Hydroxybenzoic acid 009 . ' 0.16.
.. . Methyl p-hydroxybenzoate 0.75~ " UV Ti42’
;. Ethyl p-hydroxybenzoate 0.86 .62

" Propyl p-hydroxybenzoate 6.90 " " BEEEIE XC- T
-Phenylphenol 095 .. CoEmGr o TUmIm ot

*§ = salicylic acid.
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afterwards with a solution of potassium permanganate (0.5 %) and sodium carbonate
(x %) (see Table III, reagent 6).

" At first the spot of benzoic acid attains a violet colour, but after some time it
becomes quite colourless. Upon spraying, sorbic acid exhibits a green colour that
changes quickly into a stable purple colour (on a light blue background).:

KIESELGEL—KIESELGUR PLATES

Testing several types of adsorbents and mobile phases—among others the system of
GANsSHIRT? and the systems of PETROWITZ4 and Braun® devised for the separation of
polyfunctional acids—we were not able to obtain a separation of benzoic acid and
sorbic acid. However, we found that a mixture of equal amounts of kieselgel G-kiesel-
gur G (both of Merck) was suitable for the separation of these preservatives. Especially
when using the solvent mixture hexane-acstic acid. (96:4) under “Kammeriiber-
sdttigung’’-conditions a distinct separation of benzoic acid and sorbic acid was ob-
tained. With this adsorbent mixture (x5 g of adsorbent mixed with 32 ml of ‘water)
layers of about 0.25 mm are prepared. The amount of preservative used for spotting is
50 ug and the length of the run is about 20 cm (in 1.5 h). The Rp and Rs (S = sali-
cylic acid) values of some preservatives in this system are given in Table IT.
The esters of p-hydroxybenzoic acid were not resolved under these circumstances.

TABLE I1

Rg (S == SALICYLIC ACID) VALUES OF PRESERVATIVES ON KIESELGEL G-KIESELGUR G (I:I) PLATES
IN THE SOLVENT MIXTURES HEXANE—ACETIC ACID (96:4), A, AND PETROLEUM ETHER-ETHER—~ACETIC
AciD (80:20:1), B.

Spotted amount == 50 ug. Detection: Ultraphor W.T. and Rhodamine B.

Benzoic acid .54 I.II .
Sorbic. acid - 1.28 0.9I .. ..
Salicylic acid =1.00 ==1.00

" Dehydroacetic acid '0.60 ' 0.88
p-Hydroxybenzoic acid: 0.07 . 04T
Methyl p-hydroxybenzoate o0.12 . 075
Ethyl 2-hydroxybenzoate 0.16 ‘ 0.79
Propyl p-hydroxybenzoate 0.18 ' 0.84

... o-Phenylphenol - : . X.13 1.36

SPOT DEVELOPMENT

- The spots of the preservatives are developed by admixing 0.02 % -of the fluores~
cence indicator Ultraphor W.T. (B.A.S.F.) to the adsorbent-water mixture and
viewing. the chromatoplate under 366 nm radiation (COPIUS-PEEREBC.)OMQ)‘.'" Alterna~
tively, 2 % of “Leuchtpigment ZS-Super”’ (RIEDEL DE ‘HaAAN) is admixed to the ad-
sorbent mixture and the plates are viewed in 254 nm radiation: (GANSHIRT?).. -

‘We prefer, however, to use more specific. colour reactions which may provide
some valuable information as to the identity of unknown preservatives, . isolated
from food products. . - - o e T T A
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TABLE

- COLOUR REACTIONS OF SOME PRESERVATIVES |
KIESELGEL G—-KIESELGUR % G

1
{:

+ —

i . e S ,:. a'_:‘, " N t . 3 >‘;‘. - '.> 4 . ) ":“ | 5
Compound ..~ = . . Rhodamiine. " gl lc oy i e iric - vl Successivé F 04, FeCly sprays
: . Bk :‘?': l’g}f';::’dso w“g';‘l 1} Thymal ~ 7
Salicylic acid . pui'ple | orénge- ~ faint —_— purple purple
Y P SORE , . .. ..yellow  -purple . : :
N Benioic acid, .-~ =~ . dark. s yellow ., = — ce o == .. faint purple dark
ERantinteiidhes ot PR P purple T o . (with yellow brown
Sorbxc acxd e T 'pmk . yellow . bright purple ~faint, = —
g R e rved - - SR -yellow
‘;o-Pheny]phean D . ‘purple . I S .:. T , ’ -—— ‘ . violet
;._Dehydroa.cetxc a.cxd A -,purple o yellow e IR yellow: ' orange- g
. C . I _brown ... brown
‘3 p-Hydroxybenzoxc a.cid . blue Lo yellow . = e .. - yellow . .yellow- .- green
' o _ L ‘ . y . brown
;‘.Methyl p-hydroxybenzoa.te pmk . — C— . yellow . — gray
: Ethyl p-hydroxybenzoate . pml: — - —_ yellow — gray
gray

. Propyl p-hydroxybenzoate .pink - = — T e yellow —

SPI

- After the development procedure, the plate is dned a.nd then mtensxvely sprayed
vith a o. 05 % Rhodamine B solution. The spot of benzoic acid is coloured violet to
ourple, ‘while the sorbic acid spot attains a more pink hue. The fluorescence of both
;pots under 366 nm radiation shows still greater differences. Benzoic acid exhibits a
Jark purple-blue fluorescence and sorbic acid only a light orange-pmk one. These
haracteristic differences. are enhanced by spraying afterwards with a 3% H,O0,
olution (Table III, reagent No. 1). The spots have to be marked directly after the
.praymg procedure, because they tend to diffuse after a time. Both detection proce-
lures, véz. 0.02 % of Ultraphor in the adsorbent layer and spraying with the Rhodamine
3-H,0, solutions, can be combined advantageously, yielding a strong blue fluo-
escence of the benzoic acid and a pink one of the sorbic acid spot (366 nm radiation).
Df course other acid-base indicators can be used in the same way, e.g. bromocresol
reen (see Fig. 2 and Table 111, reagent No. 2).

The.spots of benzoic.acid and of sorbic acid are clearly separated after one single
levelopment When Rhodamme Bis used, the: degree of separation. of these preserva-
ives is'decreased after two: or three developments, but. when Ultraphor is: added to
hie adsorbent layer a multiple. development may be applied. .

Analysis of extracts isolated from various types of food products by means of
pecific colour reagents should glve va.luable ev1dence concermng the 1dent1ty of the
reservatives present.: .

For that purpose we have elabora.ted severa.l charactenbtlc colour rea.ctlons (mde
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111 : e .
(SPOT'CED AMOUNTS 100 ,ug) ON-
G CHROMATOPLATES . :
6 7 B AR ' 9 ‘ :a 'rr D12
Bromophenol blue P R R i R o
Bromophenal -Nitro- . : C .
biue-KMnO, , prethdired b.o.c. Gonitine  sulphate Ticl, FeCly
yellow faint —_ — brown- yellow purple
yellow gray
faint — e —_ — —_ _—
yellow
yellow faint —_ : — brown — faint
yellow : yellow
purple strong orange- brown- uviolet —_ —
yellow brown red ‘- _
yellow —_— gray —_— —_ " blee- brown-
‘ ' durple yellow
yellow yellow yellow —_ faint —_ yellow-
. purple brown
yellow —_ faint . T faint . . — —_
.. yellow : . yellow
yellow — ' faint —_ faint — —
-~ yellow ' yellow '
yellow — faint _ faint — —_—
yellow

yellow

Table III). Thus, sorbic acid is detected specifically by spraying with a saturated
solution of thiobarbituric acid (Table III, reagent no. 3). The spot of sorbic acid: is
revealed by a bright red colour, while most of the other preservatives are not coloured
at all. In another colour reaction the plate is sprayed with a 20%. ethanolic thymol
solution, heated 10 min at go°®, sprayed with 4V sulphuric acid, and finally heated
10 min at 120° (reagent No. 4). Sorbic acid is then revealed by a blue-purple spot.

. The presence of berzotc acid on a chromatoplate is deterrnined as follows: The
dried chromatoplate is sprayed with a 3% H;0, solution, heated 5 min at ¢o°,
cooled and sprayed with a 2 % ferric(III)chloride solution (reagent no. 5A). The spot
of benzoic acid attains a faint purple hue, while sorbic acid is'coloured faintly yellow.
The plate is heated 5 minat go°, sprayed again with 2 % ferric(LII)chloride and after-
wards with 3% ° 20,. The colour of the sorbic acid spot now fades away quickly,
whereas benzoic acid is:at first revealed as a white spot on a yellowish background.
After some time (about 1 h) benzoic acid attains a dark brown colour, while the sorbic
acid spot.has become completely colourless (reagent No. 5B). -

The spot of o-phenylphenol can be revealed by several specific reagents vz, (a)
bromophenol: blue-methyl red and: PauLy’s: reagent, (b) dlchlorobenzoqumone
chlorimine (D.Q.C.); (¢) p-nitroaniline, and (d)-ceric(IV)sulphate: - :

.(a) The plate is sprayed with the bromophenol ‘blue-methyl red reagent men-
tloned above (see cellulose plates) followed by PAULY’s reagent (diazotized sulphanilic
acid). The spot of o-phenylphenol is coloured bright yellow (reagent No. 7).

J. Chrornatog., 14 (1964) 417423
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(b) The plate is spra.yecl with a 1 % solution of 2,6-dichloro- p-benzoqumone-4-
chlorxmme (reagent No. 8), dried and sprayed with a 2 % borax solution’(in 40 % o
ethanol). The o-phenylphenol spot is revealed by an orange-brown colour. :

, (c) The plate is sprayed with a solution of diazotized. p-mtroamhne (reagent
No. 9) The spot of a-phenylphenol has a brown-red colour. R

front
0
0 0
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F:g 2. T, L C. of preserva.txves on kxeselgel G—kieselgur G plates using the mobile phase hexane~

acetic acid (96:4). Spotted amount =100 ug. Detection: bromocresol green (0.04 % in 96 % etha-

nol with addition of potassium hydroxide till green, vide Table III, reagent No. 2). Spot 1 =

salicylic acid. Spot 2 = sorbic acid. Spot 3 = benzoic acid. Spot 4 = p-hydroxybenzoic acid.
Spot 5 == dehydroacetic acid.

(d) Trichloroacetic acid (x g) is clzssolved in 4 ml of a 2. 5 % solution of cerlc(IV)
sulphate and heated. Concentrated sulphuric acid is added until the solution remains.
clear.-When spra.yed w1th this m1xture (reagent No IO) the o-phenylphenol attams
a vxolet colour.: =, ..

1 The presence of dehydroacatw acuZ can be detected by spraymg the chromatopla.te
w1th a-3.%- titanium(III)chloride solution (reagent No:: II) Sallcyhc a.cxd attams a
yellow colour, dehydroacetic acid a- purple-blue one. .

-(The spot of salicyli¢. acid is revealed specifically on Ultraphor-free chromatoplates
by a brxght fluorescence under 366 nm radiation and by a. purple colour when sprayed
thh a2%:- fernc(III) .chloride solution (reagent No. 12).

+The colours in:the above rea.ctlons grven by a number of preservatwes are hsted
in Table ITI1.: '

“-Many other solvent systems were tested but in none: of them could. benzorc acxl
a.nd sorbic acid be separated.distinctly. A comparatively good separation was also
achieved using the solvent. mixture petroleum ether-ether—acetic acid (80:20:1), asiis
shown.in:Table II.:In that: system the spots of benzoic acid and sorbic acid were
separated after three’ successive developments (detectlon ‘Ultraphor 'W.T.). Sa.llcyhc
-a.c1d and benzoic acid could-not, however, be resolved under these conditions."

Applymg the kieselgel: G—kleselgur G/hexane—acet:c acid(96:4) systemand select-
mg the . most ‘appropriate ‘colour:reactions, the identity of a preservatwe can be
definitely determined. The: procedures described:.above were amply tested in practice,
especxa.lly in-the-analysis of preservatives:isolated:from food products such as marga-
rmes, packagmg materxa.ls a.nd the! plastlc dzspersmns used as cheese coating. -

] . Chromatog., 14 (1964) 417—-423
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KIESELGEL PAPER

We have succeeded in performing analogous separations on commercial Schleicher
and Schiili, no. 289 kieselgel papers. The p-hydroxybenzoic acid esters are separated in
the solvent mixture hexane—acetic acid (96:4), whereas the separation of benzoic acid
and sorbic acid can be accomplished with hexane-acetic acid (99.8:0.2). The preserv-
ative spots are developed on the kieselgel paper by spra.ymg w1th o. 05 % Rhodamine
B or with o.5 % quinine. blsulphate (mde Flg 3) :

- front

| 0
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Fig. 3. Sepa.ratxon of preserva.txves on Schlelcher and:Schiill, No. 289 kxeselgel paper. thh the mix-

ture hexane-acetic acid (99.8: 0. 2) Spotted amounts = 8o ug. Detection: 0.05% of Rhodamine B.

Spot : = benzoic acid. Spot 2’ = sorbic'acid. Spot 3 = mixture 1 + 2. Spot 4 = a-phenylphenol
B R Spot 5 = dehydroacetxc ac1d
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SUMMARY

The separa.tlon of preservmg agents and especially of benzoxc a01d a.nd sorbxc acxd
by thin-layer chromatography was studied. Both preservatives can be separated on
cellulose chromatoplates using the upper phase of the solvent mixture n-butanol-35 %
ammonia—water (70:20:10). Still better and much more rapid separations are ob-
tained on chromatoplates coated with a kieselgel G-kieselgur G (x:1x) adsorbent mix-
ture, especially when developing the plate with the mobile phase hexane-acetic acid
(96:4). -
‘Several specific colour reactions are described wh1ch can be applled in the a.nalys:s
of the preservatwes 1sola.ted from food products, packagmg ma.tenal etc. S

REFERDNCES

1 R J Anczwssm AND . I\IERMEIER, Z. Lebensm. Untersuch. -Forsch o 99 (1954) 91 o
2 H. CaTs AND H. ONRUST, Chem. Weéekblad, 54 (1058) 455. -

3 H. GANSHIRT AND: K. MORIANZ, Arch.. Pharm 203 (1960) 1065. -

4 H. J. PETROWITZ AND G. PASTUSKA, J. Chromatog 7 (1962) 128

5 D. Braux anp H. GEENEN,’ J Chromatog 7 (1962) 56.

8 J. W. Corius-PEEREBOOM, J. Chromatog., 4 (1960) 323.

J.Chromatog., 14 (1964) 417423



