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SUMMARY 

A method has been developed for the cluantitativa analysis of phenolic sub- 
stances having non-substituted phenolic groups after their separation by thin-layer 
chromatography on silica gel or cellulose. After the clear detection of the phcnolic 
substance on the cl~ron~atol~late by means of Folin-Ciocalteu reagent, the quantita- 
tive spcctropl~otometric determination of the substance is carried out by trans- 
ferring the sorbent area containing the spot into a test-tube and using the I’olin- 
Ciocalteu reagent, without the necessity for carrying out a prior elution for the rc- 
covery of the substance. 

The method appears to have good accuracy and to be suitable for general ap- 
pjication. 

INTRODUCTION 

In the course of our studies on the phcnolic components of olives in waste 
water from treating olives and olive leaves, we encountered the problem of the quanti- 
tative analysis of certain characteristic phenolic substancesl, such as oleoeuropcine, 
clil~ydroxyphenyletl~anol and tyrosol, after their separation on silica gel thin-layer 
cliromatoplates. 

The UV spectrophotomctric determination of these substances after elutiou 
of their spots from the adsorbent proved to be inaccurate because of the difficulty of 
detecting with suflkient accuracy the developccl spots on the chromatoplates, as the 
substances are not fluorescent in UV light and at 254 nm the amounts involved in 
our studies do not absorb sufficiently to be cletcctcd on cllromatoplate~ with a fluor- 
escent inclicator, In adclition, detection by comparison with chromatograms simul- 
taneously developed with chromatic reagents clid not yielcl satisfactory results he- 
cause of tjle inevitable irregularity that often occurs in development, with the risk 
of losing some of the clesircd spots or including nearby non-pertinent spots, 

Elution of the colour obtained after treating the spots with diazotized sulpha- 
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nilic acid or p-nitroaniline yielded optical densities that were too low for the precise 
spectroI~I~otonictric determination of the amounts of tlic substnnccs (IO--300 ~6) 
required for a satisfactory cl~ronintograni. 

TIIC pl~osI~I~on~olybclotungstic acid reagent (well known as Folin-Ciocalteu’s 
rcagcnt)g gave a satisfactory detection of the pIieno1i.c substances on chromatoplatcs 
as blue spots on a white Ix~clcgrouncl after spraying with a sodiunl carbonate solu- 
tion, also for u few niicrogranis of substance. After elution of the spots with water, 
tllc OptiCiLl densities olhinecl wcrc too low for determination; they were much lower 
than those obtninccl with tlic same amounts of phenolic compouncl in solution after 
direct reaction with the Folin-Ciocalteu reagent according to the usual metho*, 

WC found the eluate of tllc spots clctcctecl with the above reagent could react 
further with the reagent to yiclcl a more intense colour, conipara1~Ie with that ob- 
tninecl with the same amounts of phcnolic substance by direct reaction in solution. It 
was tliercfore evident that the pI~osI~IionioIydbotungstic acicl reagent sprayecl on to 
chromatograms was suficiciit to cletcct the spots of plienolic compounds, but it was 
not sufhcient to rCWt with the whole amount of sulxtan.ce in tllc spots. 

WC made various attempts to accomplish a more complete reaction of the phe- 
nolic substances clirectly on the clironiatoplatc, but thy all failed. In fact, by spray- 
ing the phte consecutjvely with the above two solutions, the reaction was satisfactory 
only on the surface: when the second solution was sprayecl, the sorbcnt layer was still 
moist and the solution penetrated. it with difficulty. The use of larger volumes of the 
reagents caused unacceptable espansions ancl smearing of the spots. 

WC accordingly carried out a number of tests with clifferent amounts of oleo- 
curopeinc, a characteristic glucoside of the olive trec4 with an o-cliphcnolic moiety, 
both after thin-layer chromatography on silica gel, and when only spotted on a 
chromatoplatc without development ; tllc results sl~owecl the possibility of (a) cle- 
tecting with the greatest accuracy the spots of the plienolic substance with I’olin- 
Ciocalteu’s rcagcnt, cvcn for very small amounts, by virtue of tlic high sensitivity of 
the rcagcnt, ancl (la) subscqucntly carrying out a satisfactory sI~cctropl~otometric 
clctcrminntion of the clctccted phenolic substance by transferring the sorbent area 
containing tlie spot into a test-tube and carrying out on this matcrinl tlic usual clctcr- 
inination~~ with Folin-Ciocaltcu’s reagent, 
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As the results were very satisfactory, we have applied this metliod to the deter- 
mination of other phenolic substances conncctcd with olives. Tlic optical densities 
at 725 nm obtained with 50 ,~g of tllcse 1)henolic substances after chromatography on 
silica gel plates, detected with Folin-Ciocalteu’s reagent, cluted with water and treat- 
xl again in test-tubes with the same reagent, arc given in Table I, ancl arc compared 
with those obtained after detection and elution alone. 

I’urthcrmorc, we have studied the possibility of applying the same n~etl~ocl to 
various plienolic compounds of interest in pliarmaccutical ancl food nnnlysis. The 
results were always good, although in some instances , according to the particular 
characteristic of each indiviclual substance, it was neceSWry to moclify tlic original 
methocl. 

ESPERIMENTAI. 

The following samples were used. (a) Phenolic substances connected with 
olives : olcoeuropcine, P-(3,$-dil~yclrc~xyl~l~enyl)ethanol, tyrosol, caffeic acid: (b) 
catecliol, liydroquinone ; (c) hydroxylxnzoic acids : salicylic, $-hydrosybenzoic, 
protocatechuic acid; (cl) antimicrobials: chlorocresol, l~exnchlorol~hcne, methyl fi-hy- 
droxybenzoatc, propyl $-hyclrosybcnzoate ; (e) propyl gnllate ; (f) cynarinc; (g) 

arbutine. 

The plates wllich were usccl arc : Silica Gel T_ RbQ pre-coated TLC plates, 20 X 20 
cm, layer thickness 0.25 mm (Merck, No. 5715): Ceb.llosc 1; prc-coated TLC @Ih?S, 

20 x 20 cm, layer thiclcncss 0.10 mm (Merck, No. 571s) ; polynmiclc plntcs for TLC 
(aluminium sulll)ort), 20 x 20 cm, layer thickness O,IO mm (Carlo Erlxt, Coclc @_j$%). 

(A) For silica gel filatcs. 
I Benzene-cliosanc-acetic acid (go : 25 : 4)G. 
II Cllloraform-ethyl acetate-formic acicl (5:4:r)“, 
III Light petroleum-bcnzcne-acetic acid (I :z :I);, 
IV I<tliyl acetate-methanol-water (roo:xG.5:13,5), 
V gr-Mcptane-acetic acid (IOO:ZO)~. 

VI Light petroleum-ctllyl acetate-acetic acid (8:x :I)“. 
(13) For cclltizosd @ltes. 
VI I Cliloroforni-acetic acicl-water (8 : 2 :I). 
VIII It-Butnnol-acetic acid-water (G:z:r). 
(C) For polyamide filntcs. 
IS Mctlianol-acetone-water (3:r :I)lO, 
s Methanol-ncctonc-water (G:x :I)lO* 

A$$Cication of the sarrr.files 
*. 

V,zrious amounts (10-100 /dg) of each plienolic substance in rnctlianolic sol- 
ution (z mg/ml) were appliecl on the plates as bands z cm wide at a distance of 3 cm 
from the lower edtze and z cm from each other. 
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Qamzlilnt‘~ve nmllysk4 of #?lu,? tested pltclaolic szcbstnmcs nflev thin-layer clt~Yomltogvnphy 
Method A. The chromatoplates are uniformly sprayed with a 20% sodium car- 

bonate solution, then with Folin-Ciocalteu’s reagent diluted with two volumes of 
water. Phenolic substances appear as blue spots on a white background. The areas of 
sorbent containing the substances to be determined are removed from the plate with 
a small stainless-steel spatula, transferred into a calibrated test-tube (5 or IO ml), 
then suspended in I ml of water by means of a glass rod. Folin-Ciocaltcu’s reagent 
(0.5 ml) is aclcled, the suspension is miscd with the glass rod, then ~0% sodium car- 
bonate solution (3 ml) is aclclecl, mixing the suspension again. Finally, the blue liquid 
is diluted to an appropriate volume (5 or IO ml) in order to obtain a solution with a 
colour intensity suitable for a good spectrophotomctric cletcrmination, After IO min, 
the liquid is centrifuged to remove both the adsorbent and the white precipitate form- 
ed with Polin-Ciocalteu’s reagent. The clear lh.~e solution is then examined spectro- 
photometrically at 725 nm in comparison with a blank obtained with an adsorbent 
area from the same cliromatoplate equivalent to those with phanolic spots. 

Method B. As in method A, except for use of methanol (I ml) instead of water 
for the elution of the phenolic substance from the adsorbent. 

Method C. The chromatoplates are uniformly sprayed only with undiluted 
Folin-Ciocalteu’s reagent ; phcnolic substances appear as blue-green spots. The re- 
covery of the spots and the subsequent operations are carried out as in method A. 

Method I). As in method C, csccpt for the use of methanol (I ml) instead of 
water for the elution of the lhcnolic substance from the adsorbent. ‘_ 3 

Fig. I, Optical density OEYSUS conccntrntion curve’s for the clctcrminntion nftcr silica gel thin- 
layer chromatogrnphy of olcocuropcinc (+-a), /3-(3,+-clil~ydroxy~~hcnpl)ctllanol (O-O), 
tyrosol (A-A) and cnffcic acid ( x - % ). 

Pig. z, Optical clcnsity 2)eystls conccntrntion curve’s for the clctcrmination nftcr silica. gel thin- 
lnvcr chromntogrnpliy of salicglic acid (*a), p-hyclroxybcnzoic ncid (O-O), protocntccliuic 
c&l (A-&,), chlorocrcsol (A-A), propyl gnllnto (O-0) nncl hcxnchlorophcno ( x-x ). 
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RESULTS AND DISCUSSION 

Detcnaaiacatiocs aftcv silica gel tlaiat-layer cltvornatogva~hy 
For the four plienolic substances connected with olives, olcocuropeinc (RF = 

0.60 with solvent I), P-(3,~clil~ydroxyp1~enyl)etl~anol, tyrosol and caffeic acid (Xp = 
0.52, 0.72 and 0.68, respectively, with solvent II), good proportionality was obtained 
between concentration and optical density within the experimental limits of IO and 
100 ,ug by method A (Fig. I). 

With method A, good determinations were also obtained for salicylic acid, 
p-hydroxybenzoic acid, protocatechuic acid, chlorocresol (RF = o,GL, 0.59, 0.38 
and 0.81, respectively, with solvent I) and propyl gallate (RP = 0.28 with solvent 
III) (Fig. 2). 

Methyl p-hydroxybenzoate and propyl P-hydroxybenzoate (RI;- = 0.86 and 
042, respectively, with solvent VI) were cletectcd as weak spots, but sufficiently 
visible for their clear localization on the chromatoplate. Treatment according to 
methocl A yielcled solutions with optical densities too low for accurate determi- 
nations, owing to the weak reactivity of both substances with Folin-Ciocalteu’s 
reagent. However, good results were obtainecl by suspencling the sorbent area con- 
taining the spot in I N soclium hydroxide ancl heating it in a boiling water bath for 
20 min, in order to hydrolyse the ester. I’ollowing methocl A, satisfactorily colourecl 
solutions were obtained, comparable with tbosc obtainccl from the free $-llydroxy 
benzoic acid (see Fig. 2). 

For the slightly soluble hexachlorol~l~cnc (RJ~ = 0.16 with solvent V), it was 
necessary to carry out the elution of the cletccted spots of the substance with methanol 
insteacl of water (method B). The results were satisfactory (Fig. 2). 

Dctcrtrah~atiom aftcv cellulose thiat-layer clrroattatogva/day 
The results were as good as those obtained by silica gel chron~atography, 

Tyrosol (RF = 0.69 with solvent VII) ancl the glucoside arbutine (22~ = 0.42 with 
solvent VIII) were determined by method A. 

Hydroquinone, catechol (RP = 0~16 and o&2, respcctivcly, with solvent VII) 
ancl caffeic acid (Xp = 0.80 with solvent VIII) required a modified method for detecting 
the spots, because of the instability of these substances on ccllulosc in the presence of 
alkali, which causes serious interference in the subsequent determination. Undiluted 
Folin-Ciocalteu’s reagent was used alone, without spraying with sodium carbonate 
solution (method C). The same conclitions of detection were usecl for propyl gallate 
(RF = 0.47 with solvent VII) and cynarinc (RF = 0.49 with solvent VIII); for both 
substances, the use of methanol was necessary for eluting the spots bcforc adding 
the reagent (metliocl D). 

Some of the optical density-concentration curves obtainecl at 725 nm are 
shown in Fig. 3. 

In spite of the satisfactory detection of the tested phenolic substances, the sub- 
sequent reaction with Folin-Ciocalteu’s reagent of the recovered spots in the test- 
tube failed, It was concluded that polyamide strongly inhibited the reaction between 
phenols and pl~osphomolybdotungstic acicl. 
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.Fig. 3, Optical density UCYSW conccntrntion curves for the clctcrminsltion after ccllulosc thin- 
1sLycr chromatography of tyrosol (a-a), arbntino (0-O). 
(x - x ) and cynarine (+-_O), 

cntcchol (A-&, hyclroquinonc 

Accwacy of the ntetltods 
The relative standard deviations in the spectrophotometric determination of 

the phenolic substances are given in Table II for both aiiicn gel and cellulose clwomato- 
plates. 

TABLE II 

ACCURACY Ol’ THE METMODS 
.-_I__._..... . .._ -... ___- - ._... _-.__.-__.- ._....._.._. ---- 

Strbstamc Aftcv silicn gel TLC Aftcv cctlrrlose TLC 

1Metlrod 12elativc MClilOd Relative 
slarrdavd standard 
rleviatio~ri dcvinlio*t 
(%) (%I 

Oloocuropoinc 
8_(3,+Dihyclroxypl~onyl)ctl~~nol 
Tyrosol 
Caffclc acid 
Cntcchol 
I-lyclroquinono 
Salicylic acid 
p-Nyclroxybcnaoic ncicl 
Protocatechuic ncld 
Clilorocrcsol 
I-icxacl~lorophcno 
Propyl gallnto 
Cynarino 
hrbutinc 
-e-s _I_ --.- 

h 
A 
A 
A 
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CONCLUSIONS 

The original objective of this study was to develop a rapid and sensitive method 
for the quantitative analysis of some phenolic substances present in olives after their 
thin-layer chromatographic separation. The satisfactory results obtained after a large 
number of determinations encouraged us to extend the method to other substances 
containing unsubstituted phcnolic groups; this method appeared to be suitable for 
general application, but modifications were required for some substances according 
to their solubility and their reactivity with Folin-Ciocalteu’s reagent, as stated above, 

After the unequivocal detection of the phenolic substances separated on silica 
gel or cellulose thin-layer chromatoplates, the method offers the possibility of the 
determination of the substances by carrying out the chromatic reaction directly on 
the sorbcnt area recovered with the spot from the plate, without the necessity for 
carrying out a prior elution for the r,ccovery of the substance. 
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