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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, theethyl andpropyl esters of $-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 tolaboratories workinginthis field. 

Many paper chromatographic systems have been devised for the’ purpose. A 
suitable system was described bk JARC~Y+KP, usirig t&e upper layer of the mixture 
gz:butanol-3g ?/O ammonia-&a+ (70 : 20 : 31~0) ,: 415 which 2.3 o/o of, ,g6 o/o ethanol’ is 
added. In the Netherlands many laboratories, are using this procedure, ii& .CATS". 
However, the time-consuming character of the paper chromatographic analysis may 
sometimes present difficulties. Furthermore, s few colour reactions specific for the 
various types of preservatives have been described in, the .literature* ?. : : 

The technique of thin-layer chromatography (T.L.C.) may be advantageous.es- 
pecially since more aggressive reagents can be applied .on chromatoplates and the 
analysis time may be decreased. considerably. .. / 

Separation of the methyl, ethyl; propyl, and rttbutyl.esters of $-hydroxybenzoic 
acid has been described by GP~NSWIRT 3. Kieselgel G-coated.chromatoplates: .were 
strongly activated (2 hat,r60°) and developed in the solvent mixturepentakacetic 
acid (S:2). The four esters are completely fractionated; However, we did not succeed 
in separating benzoic acid and sorbic acid either on normally or on strongly activated 
kieselgel G plates. 

At the time of this investigation no other pap,ers dealing withT.L.C. of preserv- 
atives had come ‘to our notice. ‘.’ ..’ 

,.. 

CELLULOSP CHROMATOPLATES 

To begin with, we investigated the,migration rates of benzoic ac’id and sorbic acid 
. 

in several polar solvent -mixtures using chromatoplates’ coated with a cellulose layer 
(cellulose powder MN 300, gypsum-free); The best separation,. comparatively, of 

,’ ,.. .;, ” ,. ‘, 

? Rij kszuivelstation, vreewij kstraat i.2 B, L&d&. ” . . ‘, : f 
* * In our laboratory we are accustomed$o usq,:j, procedure of develo&ng the spots of sorbic acid 

and benzoic acid on paper &rips. Successivti sp&yitig,&& d.broqdph&ol blue-meihyl red mixture 
and with pottissium permgnganats jlieldi ,$ell&$gr&% &d purpl& Spdts’ rtispectively. The sorbic 
acid spot may ,be detected specifically by spraying first with a rb o/0 .@dt&sium dichromate’solution 
and afterwards with a saturatjd thiobarbituric acid solution. Sorbic acid is revealed by a bright 
red coloured spot. : : 
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these two preservatives was obtained in the In-butanol-ammonia-water (70 : 20 : TO) 

niixttil;b described by JARCZYNSKI, but in this system the ,development procedure 
still takes about 5-6 h. The degree o$ separation of benzoic acid and sorbic acid is only 
tiliehtly’:b@t&f thafi *hen p,qqer strips ,are .used (s,ee: .Fig.. I) f The 6~ :valu,es .of several 
pre&rvatiNs in this system ii-e given in Table I. 
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%ih.. 1. S&&&A df i;re~G~GiliGeS’-ok ‘Aii&e .plates in &u&n~l-35 %’ ammonia-water (70 : 20 
h).’ Spiitted ,amo&t’ * ri& ‘pg. D&e&ion : ‘bromophei& blue; ‘followed b>i potassiiim permaiqa- 
gate;. Spot r.~==~:salicjrlic acid’Spot ‘2 .- sorbic acid;’ Spot 3, =-a benzoiti acid-sorbic acid mixture 
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; In this system the:methyl, ethyl,:and propy’l esters:of~+hydroxybenzoic acid are 
cdmple~ely~,separatedz , : ‘. , ; : ,, ;, ,:-;;:.; :’ I / : ~ : 

‘. I’:,: :.The::‘spdts .,areL.developed ‘by .spi&ying sticcessivgly with. a bromophenor ,blue 
tiethyl :Fed niixttir4 and with ~ot~s~urn.:perrn83iganatel.‘. :, : : ‘. 
.; . ‘( The izcelltilo&,$late.iS dried thorougly’in:a@ (with care’on.a&ount of acid vapour) . 
&omo$h&iol .blut% fr20 mg), is dissdlved:iri X&IF ml -of.wat&r and .60 mg,of kn&h$4 x’ed 
iin, :roq ,&Lof-:g6 ‘Oh .‘ethandl; The.,&wc5 .4olziti,qns are mixed ,ald IOO ml of .phosphate 
btieer. (@I3 ~2’-~7.,17) is Iadded; The plate 4% ~~pi&~ed~int~nsively with. t.his mixture and 
“,’ ~ ‘. : ‘. : ,*; . . :_ ., .’ ..y, ,. ,: : 2. _ /:.. :.:, ,’ 
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TABLE I * 
: :. ,; : 

Rs* VALUES Oi” PRESERirAifi’ik ON kiiLUid& bHiiIvlii6PC+~i~ IN kiUTANOL& y. 
AMMONIA-WATER (70: 20: X0) ‘: ” -’ 

“Kammcriibersiktigung”. Spotted amount =I TOO pig. 

.,.L’ ,, ,I .’ .’ , 
&‘value Rs vat~e 

..j ,(.. ;/ 1’ .., , .f.zoic y& ( ,. : .::.,., :I’:’ , 
0.9x ,‘.: 

. 

( _y,,: . ..‘.I!. _,, ” S&J-& a&&::-. : ‘5,: 
0.50 I, .0;5t3: . .“Y X.07’ ‘: ; 

.A. ‘.“... :, .‘I.,, ;1. ,, Sal&y~ic.acid,:- : .: 
Dehydroacetic a& 

0.56, 91.0 ‘, :;’ : : : 
0;og 0.16 

+Hy+lroxybenzoic ++Zl 
Methyl, fi.-hy,+o~y@xazoak x$z - 1 

0.16 
” ‘.., i .+ 

,:,, : _ ‘. 
: ~ , ., : : ., I ‘: ,. .< 
.I :r.::“:',,, . . ,.:,i. 

.i ."". 
“.“‘. Eth$l, @iydr&cyjx&oa’t$ ’ &86. .;’ ‘,:_ .x,.,62 :, ,, ,' ,, :, ,: ,, 

t!!,.;; 
Propyl pp-h~drkc~bekzoatc‘ 6.96 ” 1.‘,,: ,,.! . . . . i ._’ ‘,’ .,..,,’ _, :. ,. . ,., o-Pheriylph&ol I’ “f’ :,:‘,‘:‘;’ ‘*~,+~s;s;~;, ;, :;‘,I 

=*7o. : : ,, 
.‘y.,.‘:‘..;.“..~. !:.‘:.. i’., ,I.: ,,,; ,.,I ,,;, _/ 2,. :, ,_ ‘_, ‘,y ,’ .,,..: 

“,r.6i.,, ..; !,.. i, .c, ;. 
: ; ; : 1, ;‘, ;‘;‘, _ ,, 

‘. ., . , .., ; .; ‘, ,’ 

‘3 

‘.,!‘_, ., :.: ‘, ‘_ ., “.Y , :,.. : ,: ., 
= salicylic acid. _/‘. : ., .: 

,. . . 
‘. 

J. Ch?‘OmatO& 14 (rg64) 41 Y-423 



THIN-LAYRR CFIROMATOGI&AI’MY OF ‘PRESERVATIVRS 4*9 

afterwards with a solution of potassium permanganate (0.5 %) and sodium carbonate 
(T %) (see Table XC, 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-XIESBLGWti PLATES 
. I 

Testing several types of adsor’bents and mobile phases-among others the system of 
GANsI-IIRT~ and the systems of PETROWITZ~ 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-acetic acid, (96 : 4) under YKammetiber- 
s%ttigung”-conditions a distinct separation of benzoic acid and sorbic acid was ob- 
tained. With this adsorbent mixture jx5.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 r.5 h). The J?p and & (S =; sali- 
cylic’ acid) values of some preservatives in this system are given in Table 11. 

The esters of&hydroxybenzoic acid werelnot resolved under these circum&ances. 

TABLE II 
Rs (s = SALICYLIC ACID) VALUES OF PRESERVATIVES ON KIESELGEZ G-KTESELGUR G (X : I). PLATES 

TN THE SOLVENT MIXTURES HEXANB-ACETIC ACID (96: 4), A, AND PETROLEUM ETHER-ETHER-ACETIC 

ACID (80:20: I), B. 

Spotted amount = 50 yg. Detection: Ultraphor W.T. and Rhodamine EL 

,A ‘a’,. ‘. 

.) : 
1 Benzoio acid x*54 I.TT 

Sorbic acid I.28 cf,gr 

Salicylic acid ax.00 3x.00 
Dehydroacetic acid, 0.60 038 

$-Hydroxybenzoic acid 0.07 O.@ 

Methyl g-hydroxybenzoate o. x2 0.75 
Ethyl p-hytjroxybezizoate o. 16 o:79 
FVopyl $-hydroxybenzoate o. T 8 0;81). 

o-Phenylphenol .: x.13 x.36 

.’ .c,.,, (’ I_ 

SPOT DRVIXOPMRNT’ ” ’ 
; : ,’ .‘. 

.The spots of the.preservatives are developed by admixing 0.02 y. .of thcfluores- 
cence indicator Ultraphor W.T. (l3;A.S.E.) ,to the .adsorben+water mixture ,and 
viewing. the chromatoplate under 366 nm radiation (COPZVS-PRRRRsooM~).: Alterna- 
tively, 2 .yO of “Leuchtpigment %-Super” (HIEDRL DE :HAAN) 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. ... . . ,. .. ~ h . 

~.Cht'O??ZdO&,X4 (rg64) 4X7-423 
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* ! .,., : ‘;. .;‘: :, ., TABLE I ., ., ,. :‘,, ,: ‘,” , ,,:, ,J ‘~ ‘. _’ 
.. COLO&lR REkTIONSs’OF SOME PRESERVATIVES 0 

.‘. : 
). _‘. .I(’ I ::;,, ,:’ ‘. :_” I ,.: ,. ,’ : : ,, :. /’ .: 

K!~SE&GEL G-KIESELGUR -+. G 

;: ,.,. 
: ’ ,. ~ - ,, ,‘.‘, .I 

,’ 
‘. 3‘, 3 

4, ;‘) )“:, 5 I’- .- 

Cpm~ontkt . . ‘. :,’ I?gdirnFa ’ 
- .I 

366 nm 
‘Bhmkra&d Thhhhrio 

! 

green 
Thymol 

,’ SuccessivL MIO1, F&l. sprays 
‘- 

A B 

Salicylic acid orange- faint 

‘.! BenfFic qcjd ., dark .,y+1ow.,- 

) : : ‘1,:: . ’ purple I ‘.’ 

: ,sorbicacid’ .pin~ yellow .I, pawfile 
;. . . 

1, ,‘. ,. : “’ .“., ,,, 
.I., 

byi&, ” 
red 

, 

’ : o-Phenylphehol ‘, purple .L_ : : _ .’ _ 

.,.I ,;. ‘I. :., .1 :, ;, . t’,, ..‘, 

Q,ehydroacctic,acid purple yellow, ‘_ ._. 
..- 

‘. :. / !, : . L :.. .’ .,‘. 

#N-Iyd&xytenqo~c acid .plue ._I yellow:, -, yellow 

yellow 

Ethyl #-hydroxybenzoate I pink - - yellow 
. 

.r,Propyl +-hydroxybcnzoate pink, *-.,_ ‘_ yellow 
:‘; ,. I,, .‘I’, ,, ., 

purple purple 

faint purple dark 
(with yellow brown 
cciltre) 

faint, “‘- - 
yellow’ ” 

‘. - violet 
I 

yellowL orange- 
brqwn brown 

.yellow-. ‘, green 
brown 

,- gray 

,, ..” ., 
‘, 

After the develdpment procedure, the plate is dried and then intensively sprayed 
tiith a 0.03 O/O Rho&nine B solution. The spot of benzoic acid is coloured violet to 
?urpie; ‘while $he sorbic a&d spot attGis. a more pi,nk hue. The fluorescence of both 
;pots under 366 nm radiation shows still greater .diffe$enc&. ‘Benzoic acid exhibi!s a 
lark purple-blue fluoti~scei~ce and ‘,sorbic acid onlj, a lighi brange-pink one, These 
:haracterisiic differ&es. are enhanced by sl&ying aft&wards with a 3 % E&O2 
;olution (Table III, reagent No. 1). Thie spots have to be, marked directly after the 
‘praying procedure, becsitise they tend.to’ diffuse after a time. Both detection proce- 
hares, viz. 0.02 y. ofultraphor in the adsorbent Aayer and sprayingwith the Rhodamine 
3-H@, 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 
;rreen (see Fig. 2 and Table III, reagent No. 2). 
. . .i’, .The&p&s of benzoic,.+cid and:of sorbic acid are ,clearly separated after one single 
development. When Rhodamine Bis used, the ‘degree of Sapatiation of these preserva& 
#iyes .is’,.de&eased :after.two: or three >developments; but. ,when Ultraphbr is ,added to 
,hie adsorb8ntlayer a multiple developmerit may b&! applied. I 

Analysis .of extracts: isolated, .from ,various’ types of: food :products by means of 
Ipecifiq cylour r&gents should give valu&ble,evidence xoncerning the identity i5f the 
Breser.VatGeS ,present .: .: : ._ I ,,,’ ‘,, _‘, :x ()’ 

For that purpose we have elaborated several characteristic colour. reactions (vise 

.b s. CibrOma~O&, I4 (x964) 4X7-423 
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III .‘,,., .,’ : ,, ,: 
‘, ., .. 

. ..’ 

(SPOTTED AMOUNTS, IO0 /_& ON. :, 9 ‘, . ,. : .. ,. I,‘, 1, ,,. ,‘. .,’ ‘.“. 
;. G CHROMATOPLATES 

, ;; ,.’ . 8 .,’ 

6 
. 

7 T ‘8, !, ,’ ,i*’ .“‘j.If ,;, x3 

Bromophenol Bromofihcnol blue 
-m&h yl red D.Q.C. 

*-N&.’ ‘. ceric ’ 
blue-KMnO, -f- Pauiy’s reagent aniline srtlplrate TiClp PeCi 

yellow faint - 
yt3llow . 

faint - - 
yellow 

- brown- .’ yellow 
gray 

- - - 

purple 

yellow faint - - brown - faint 
yellow yellow 

Purple strong orange- brown- violet - - 
yellow brown red 

yellow - gray - - bluo- brown- 
#ucr$le yellow 

yellow yellow yellow - faint - 
purple 

yellow- 
brown 

yellow - faint. - ,.faint. ,. .- - 
yellow ,. yellow 

yellow - fairit - fiin& ~ _ 

yellow yellow 

yellow - faint ’ - faint ” - - 
yellow yellow 

: ,,,’ 

Table III). .Thus; siwbic acid is detected specifically by’ sprayhig’ with a. tiatizrated 
solution of thiobarbituric acid (Table III, reagent no. 3). The .spot of sorbic acid is 
revealed by a bright red colour, while most of tile other preservtitives are not coltiured 
at all. In another colour reaction the plate is sprayed witli a-20 %. ethanolic thymol 
solution, heated IO min at go”, sprayed ‘with 4iV sulphuric acid,. and finally heated 
IO min at x20’, (reagent ,No, 4). Sorbic .acid is then revealed by, a blue-purple spot. 

The. presence of &lzxoic acid on a chromatoplate is ‘determined as follows : The 
dried ‘chroma!oplate is sprayed with a ,3 y0 I-&O, solutioii,’ ,.heated 5 min at go’, 
cooled and sprayed with a 2,O/J ferric(III)chloride solution (reagent no. 5A). The spot 
of benioic acid attains a faint purple hue, while sorbic acid is’coloured faintly yellow. 
The plate is heated 5, min “t go’, sprayed’again tiiih 2 y0 ferriti(lCII)chloride and after- 
wards .with 3 y0 H202. The colour of the ‘sorbic acid spot now fades away quickly, 
tihereas benzoic acid is. at first revealed e & white spot ‘on a ,yellowish .background. 
After some fime (about T h) benzoic acid attains,a dark brotin colour, while the sorbic 
acid~spot has become completely colotirless (reagent Nd.’ 5B). 

The spot of o-$issrtyZjVzenoZ can be revealed. by several specific reagents aiz. (a) 
bromo@henol blue-methyl. rea and P~u~ir’s- reagent, (b) dichlorobenzoquinone 
&lo&nine ‘(‘ID. Q.(Z); (c)’ +nitroaniline, zind (d) .xeric(TV)sulphate; , 

. 

, : (a) The plate is sprayed with the biomciphetiol ‘,blue-methyl Ted reagent men- 
tioned ‘above (see cellulose plates) followed by PAWLY’S r&gent (diazotieed sulphanilic 
acid). The. spot of orphexxylpheno!’ is coloured bright yellow (reagent No., 7); 

J. Chromatog., 14 (x964) q17-413 
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(b) The plate is sprayed with a T % solution of z,6-dichloro-$-beneoquinone-4- 
chlorimine, (reagent No; 8), dried and sprayed with a z o/o borax solution ‘(in ‘40 o/O -’ 

ethanol). The .&phenylphenol spot is revealed by an orange-brown colour. 
(c) The plate ‘is sprayed with a solution of diazotized' p&itroaniline (reagent 

NO. ‘9). The spot of o-phenylphenol has. a brown-red colour. ,’ ., I 

: 

; 

; ., :.:. 

trot+ 
: 

‘/ ,‘,. / 

..:: _,, 

‘, ; .,I’,, 

.’ : 

Fig. 2. TLC. of preservatives on kicselgel’.G-kicselgur G plates using the mobile phase hexane- 
acetic acid (96 : 4). Spotted amount = IOO pg. Detection: bromocresol green (0.04 o/o in g6 o/o etha- 
no1 with addition of potassium hydroxi,do till green, vide Table III, reagent No. 2). Spot T = 
salicylic a’cid. Spot 2 - sbrbic acid. ,,Spot 3 = benzoic acid. Spot 3 = p-hydroxybenzoic acid. 

Spot 5 I dohydroacctic acid. 
.,” . 

(d) Trichloroacetic acid (I: g) 
‘. 

is dissolved in 4 ml of a 2.5 % solution of ceric(IV) 
sulphate and heated, Concentrated sulphuric acid is added until the solution remains 
clear::When sprayed. with ,this mixture. (reagent No. IO)) the oAphenylpheno1 attains 
a violet. colour. ‘. ;, :! :I, i_ . : , .,.,. ., : ; ‘,’ : 

‘. >The presence of.d&ydroacet<c acid can be detected by spraying the chromatoplate 7 ,, 

with ‘a’3.0/02 titanium(III)chloride solution (reagent No; IX). Salicylic acid attains a 
yellow, colour, dehydroacetic acid a,purple-blue .one. “, i 3 ‘. 

_ iThe.spot of>salicyZiu acid:isrevealed~specific&lly on Ultraphor:free chromatoplates 
by’.a ,bright fluorescence ,under 366, nm radiation and by a, purple colour when sprayed 
with a.z+,% !fe@c(III)~chloride solution (reagent. No. ‘12). ; ‘. 
;.:, ,; The colours in: the .above reactions .given: by a number of preservatives are listed 
inTableIII_.::,; ‘, ,.,,., :,. ,. ‘.‘, ,, .’ I., ‘I’, . ‘_. ,, ‘.,I. ,., ,,, . . . ., 

” :.:Many 'other. solvent, systems were tested, but in none ,df them could benzoic acid 
and .sor.bic acid be separated..‘distiqctly.’ A comparatively good separation Iwas also 
achieved using .the solvent -mixture.petroleti ether-ether-acetic acid (80 : 20 : T), as is 
shown: ,inTable II., In. that. system the. spots of : benzoic -acid and sorbic acid were 
separated ‘after three successive developments (detection : -Ultraphor W.T.), Salicylic 
acid ,and.:bensoic acid: coul@not, .however,, be resolved. under, these conditions. 
.‘.. :t..:: ,Applying the~kieselgel.G+kieselgur G/h&&acetic acid(g6:4) system andselect- 
ing the :most ~~appropriate,;:cclour;:~reactions, :,the’ identity’ of,, a, preservative .can,be 
definitely determined.Thc :procedures .described:above :.were amply. tested in practice, 
especially inthe analysis: of! preservatives:isolated:from .food’ products such as marga- 
rinesi packaging-materials~ an‘d!the:plasticdispersions used ascheese coating, :,. 

J. Cibromatog., 14 (1964) 417-423 
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KIESELGEL PAPER 

We have succeeded in performing analogous separations on commercial Schleicher 
and SchtiiM, no. 289 kieselgel papers. The +hydroxybenzoic acid esters are separated in 
the solvent mixture’ hex&e-acetic acid (96.: 4) ,’ whereas the’separation ‘of’benzoic acid 
and sorbic acid can be accomplished with hexanc-acetic acid (qg.8 : 0.2). The preserv- 
ative spots are developed on the kieselgel’$apcr by spraying with 0.05 o/o Rhodamine 
B or with 0.5 % quinine bisulphate (virZe Fig. ,3)‘. ‘. ” 

: 

.’ _ 

, 
I 

1 

‘. - 

. Front 

0 

” 

,I ; 

.I ‘, 

Fig. 3. Separation of preservatives on Schleicher and. Schiill; No. 289 kieselgel paper. with the mix- 
ture hexant+acetic,acid (99.8 : 0.2). Spotted amounts = 80 pg. Detection: o,o3 yO of Rhodamine B. 
SP@ T = benzoic acid. Spot 2' = sorbic acid. Spot 3 = mititure T 3_ 2. Spot 4 I q-phcnylphenol. 

SpQt 3 ‘1 dehydroa’cetic acid.. 
. 1’ :, . . :‘. . . ., 
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‘. 

The separation of preserving agents and eshecially .of benzoic acid and sorbic acid 
by thin-lay&chromatography’ was studied.: Both ‘preservatives can be separated on 
cellulose chromatoplates usingtheupper phase of the solvent mixture n~butanol-35 yO 
ammonia-water (7o:zo: TO). Still better and much more rapid, separations are ob- 
tained on chromatoplates coated with a kieselgel G-kieselgur G (T : x) adsorbent mix- 
ture, especially when developing the plate with t.he mobile phase hexane-acetic acid 
(g6:& 

Several specific colour reactions are described which,can be-applied in’the analysis 
of the p&ervatives isolated from food products, packaging matcriai,etc.’ 

‘. _: :..... ‘, .:_ 
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